ABSTRACT
REYNOLDS, WILLIAM MATTHEW. From Fractured to Structured: A Study Examining the
Characteristics of PCK and PCK Development of Preservice Science Teachers in an
Undergraduate Teacher Preparation Program. (Under the direction of Dr. Soonhye Park).
While it is widely accepted that teacher quality is one of the most influential factors in
predicting positive student outcomes such as academic success, identifying the key attributes and
indicators of a quality teacher has been challenging. Due to mounting evidence that a teacher’s
pedagogical content knowledge (PCK) impacts both their practices and their students’ learning
outcomes, it is widely accepted that teaching quality should be evaluated in terms of PCK.
Teacher performance assessments, such as the edTPA, provide preservice teachers an
opportunity to rigorously reflect on their instructional practices, make connections to research
and theory, and therefore, theoretically have the potential to positively influence PCK
development.
The purpose of this longitudinal qualitative study was to investigate the characteristics of
preservice science teachers’ (PST) PCK development during the last year of a teacher
preparation program, including student teaching and the edTPA creation process. This
investigation of PCK development focused on the integration of components of PCK (e.g.,
knowledge of student understanding [KSU], knowledge of instructional strategies and
representations, knowledge of assessment, knowledge of curriculum, and orientations to teaching
science). This study also sought to explore the potential influence of the edTPA creation process
on preservice science teachers’ PCK development, a current blind spot in the literature. Both the
Refined Consensus Model (Carlson et al., 2019) and the Pentagon model of PCK (Park & Oliver,
2008a) served as the conceptual frameworks of this study.

Participants of the study were six undergraduate science education majors in an undergraduate
science education program. Data sources included observations, interviews, the researcher’s field
notes, edTPA portfolio materials, lesson plans, surveys, and other artifacts and documents, such
as assignments and written reflections from their science education methods courses. Data were
analyzed using three approaches: (1) coding with a priori codes, (2) the PCK Map approach,
which includes the in-depth analysis of explicit PCK followed by an enumerative approach to
create PCK Maps, and (3) the constant comparative method.
The results revealed that, in general, the PSTs’ PCK was weak and fragmented. While no
consistent pattern of PCK development was discernible through analyzing participant’s PCK
Maps, further analysis revealed five emerging themes regarding common characteristics of
preservice science teachers’ PCK and PCK development over the course of their final year of
teacher preparation: (1) PSTs’ orientations to teaching science remained relatively stable and
rarely influenced their PCK or instructional practice; (2) PSTs’ KSU was limited but developed
through teaching experience, in association with their knowledge of assessment; (3) some
aspects of PSTs’ KSU developed through the integration of their knowledge of science
curriculum; (4) the relationship between KSU and knowledge of instructional strategies and
representations was central to PSTs’ PCK; and finally, (5) despite being frequently integrated
into their PCK, PSTs’ understanding of assessment methods and the purposes of assessment
were limited.
Data analysis also revealed five aspects of how the edTPA portfolio creation process
influenced preservice science teachers’ instructional practices and PCK development. The
edTPA portfolio creation process facilitated PSTs to: (1) increase reflection on their teaching
practice; (2) increase integration between components of their PCK; (3) expand their KSU and

more frequently integrate it into their PCK; (4) more frequently implement student-centered
instruction; and finally, (5) develop and more frequently integrate their knowledge of assessment
into their PCK.
Discussion centers around how this research contributes the growing body of scholarship
surrounding the characteristics of PCK and PCK development among PSTs and becomes the first
empirical study to investigate the impact of the edTPA on PSTs' PCK development. Finally, the
implications of this study for future research, teacher preparation programs, and educational
policy are discussed.
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To my father, Randy L. Reynolds. Before my two younger sisters and I were born, my
father wrote down in his journal three life-long projects or goals: Project Starwood, Project
Centennial, and Project Maxi-Kids. Project Starwood outlined his plans to build a self-sufficient
homestead and farming community; this was from a man who complained about feeding the dog.
Project Centennial was his goal to live to be one-hundred years old. Unfortunately, after a long
struggle with MS, my father died while I was in the process of completing this doctoral degree.
While my father’s first two life-long projects could only be characterized as unfulfilled, his third
and final project, Project Maxi-Kids was probably his greatest success in life. Project Maxi-Kids
was his desire to raise to competent, well-rounded children which would contribute to society.
As I went through my father’s journals before he passed, I found an entry where he wrote
down his best guess of the future professions of my sisters and me. At the time I was probably
around 14-years old, while Lacy and Xan were around twelve and eight, respectively. He
predicted Xan would select a career “that helps people…probably something in the field of
medicine”; she is a pediatric ICU nurse. He predicted Lacy would pursue a career that “tries to
understand the world…probably a scientist of some kind”; she is a professor of medical
laboratory sciences. As for myself, my father said, “Matt has a strong influence on people’s
opinions and often advocates for others…maybe he will be a lawyer.” While I didn’t end up
becoming a lawyer, I think he recognized the principles that have guided my career path; I hope I
can use this degree to be an advocate for others and influence others to understand the
importance of education in our society.
Old Man, I know even though you are no longer here, you continue to witness your
children’s accomplishments. I hope we continue to make you proud. I miss you and I love you.
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CHAPTER ONE
INTRODUCTION
The calls for improving STEM (science, technology, engineering, & math) education
continue to grow globally as demand for STEM skills to meet economic and global challenges
become increasingly acute (English, 2016; Kelley & Knowles, 2016; National Research Council
[NRC], 2011, 2013). Driven by genuine or perceived current and future shortages in the STEM
workforce, many education systems and policymakers around the globe are prioritizing
developing students’ scientific literacy. Scientific literacy is the knowledge and understanding
of scientific concepts and processes required to think critically and independently when making
decisions or coming up with a solution to a problem (American Association for the Advancement
of Science [AAAS], 1993; NRC, 1996, 2013). A scientifically literate person uses inquiry to
make sense of how natural and designed worlds work and evaluates the quality of scientific
information based on its source and the methods used to generate it (NRC, 1996, 2013).
In the United States (U.S.), the improvement of STEM education has been a principal
national education agenda issue for over 60 years (Burke & McNeill, 2011; Bybee, 2013). U.S.
students, once unrivaled in STEM disciplines, now trail behind their international peers in
scientific literacy and STEM-related workforce readiness (Bybee, 2013; National Research
Council, 2010). While the results of the most recent Trends in International Mathematics and
Science Study (TIMSS) (National Center for Education Statistics, 2019) indicated that U.S.
fourth- and eighth-grade students scored above the international average, they were
outperformed in science by students from seven Asian and European countries. Comparison data
from the Programme for International Student Assessment (PISA, 2019) revealed that only nine
percent of U.S. students were top performers in science, meaning that they were proficient at
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Level 5 or 6, compared to top performers such as China and Singapore who achieved 32 percent
and 21 percent, respectively. Reports from domestic assessments, such as the National
Assessment of Educational Progress (NAEP) and the ACT, a standardized test used for college
admissions, all support a similar assertion: the majority of U.S. high school graduates are not
scientifically literate and, therefore, are ill-prepared to major in a STEM-related degree (Burke &
McNeill, 2011; NAEP, 2015).
Teacher Quality & Pedagogical Content Knowledge
Since the advent of research in education, scholars have debated which factors influence
student learning (Darling-Hammond, 2000). Beginning with the influential Coleman report
released in 1966, research has confirmed again and again that teacher quality, when compared to
other commonly measured school-level factors such as class-size, curriculum, school climate,
and technology, has the greatest impact on student achievement (Coleman et al., 1966; DarlingHammond, 2010; Hanushek & Rivkin, 2010; Hattie, 2009). Given this connection between
teacher quality and student achievement, it is perhaps not surprising that most, if not all,
contemporary education reform initiatives have focused on the improvement of teaching and
teacher quality (Bullough, 2001; Cochran-Smith et al., 2013). Reaching consensus on a
definition and identifying what aspects of teacher quality best predict students’ academic
success, even among teacher educators and researchers, has proven challenging (DarlingHammond, 2000; Goldhaber & Anthony, 2007; Reynolds, 1992). Indeed, educational policy
discourse has been crowded with often conflicting opinions about how teacher quality should be
defined, how and if it can be assessed, what teacher preparation should include or exclude, and if
teacher preparation is even necessary (Berliner, 2005; Goodwin & Kosnik, 2013; Harris & Sass,
2009).
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Many researchers have investigated what constitutes a high-quality teacher, and most
agree that for a teacher to facilitate students’ learning, they must understand how to transform
and translate subject matter knowledge into forms that are readily understood by their students
(Berry et al., 2015; Kind, 2009; NRC, 1996; Park & Oliver, 2008). Shulman (1986, 1987) first
conceptualized this specialized knowledge base for teaching as pedagogical content knowledge
(PCK). In the U.S., the National Council for Accreditation of Teacher Education (2008)
identified PCK as a necessary body of knowledge for preservice teachers. In recent years,
research on PCK, particularly in mathematics and natural science domains, has become
increasingly popular (Gess-Newsome, 2013). Multiple studies have empirically supported the
positive effect of a teacher’s PCK on their students’ learning and achievement (Baumert et al.,
2010; Hill et al., 2005; Roth et al., 2011). In particular, teachers with a high level of PCK are
able to plan and enact instruction in a way that is challenging but also supportive (Baumert et al.,
2010), a feature of instruction often referred to as cognitive activation (Kunter et al., 2013;
Lipowsky et al., 2009). Based on the connection between PCK, teacher quality, and student
achievement, all preservice teachers should strive to develop their PCK (Brown et al., 2015; Park
et al., 2011).
Teacher Performance Assessments and the edTPA
Most national, state, and local departments of education and education initiatives, such as
No Child Left Behind (U.S. Department of Education, 2004), have defined teacher quality in
terms of a teacher being “highly qualified”, looking to easily quantified input measures such as
subject-matter and education coursework, degrees, scores on professional exams, teaching
certification, years of teaching experience, and evidence of participation in continued learning
and professional development (Goe et al., 2008). Although these factors are considered
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important for entry into the profession, research on these proxy measures of teacher quality has
shown little evidence of a direct or significant impact on student achievement (Berry et al., 2010;
Cohen et al., 2003; Darling-Hammond, 2000; Darling-Hammond & Sykes, 2003; Goe, 2007;
Goldhaber, 2002; Hanushek, 2011; Heck, 2007; Sanders & Rivers, 1996; Wenglinsky, 2000).
Regarding this matter, Berliner (2005) suggested, “If we genuinely want to have a highly
qualified teacher in every classroom, we should not confuse a highly qualified taker of tests
about teaching with a highly qualified classroom teacher” (p. 208). Berliner (2005) went on to
argue that teacher quality should be measured in terms of how a teacher performs in the
classroom and how their teaching practice results in the students’ learning achievement. As such,
many recent accountability efforts have included the addition of outcome measures of teacher
quality, such as performance assessments (AACTE, 2014; Caughlan & Jiang, 2014; Danielson,
2007; Darling-Hammond & Hyler, 2013).
In the past decade, teacher performance assessments (TPAs) have gained popularity as
both formative and summative assessment instruments in teacher education and as a requirement
for initial teaching licensure (Caughlan & Jiang, 2014; Goe et al., 2008; Reagan et al., 2016).
TPAs require preservice teachers to address both content and pedagogy simultaneously in the
context of an actual classroom. Growing evidence indicates that TPAs are a better measure of
teacher quality than previous standardized multiple-choice assessments (Mitchell et al., 2001) as
they more authentically evaluate what teachers ought to know and be able to do in a real
classroom (Danielson, 2007; Darling-Hammond, 2006). Additionally, TPAs are considered
valuable professional learning experiences (Darling-Hammond & Snyder, 2000). Researchers
suggest that, when appropriately designed, performance assessments can effectively help
preservice teachers improve their teaching and have been found to be related to later teacher
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effectiveness (Bastian, & Lys, 2016; Darling-Hammond, 2010; Lustick & Sykes, 2006; Wei &
Pecheone, 2010; Wilson & Wineburg, 1993).
Modeled in part after the National Board Certification portfolio and the Performance
Assessment for California Teachers (PACT), the Stanford Center for Assessment, Learning, and
Equity (SCALE) developed the first nationally implemented performance assessment for
preservice teachers, the edTPA (Sato, 2014). Preservice teachers complete the edTPA during
their student teaching internship by submitting a portfolio consisting of three to five days of
lesson plans, key instructional materials and assessments, videos of themselves teaching
(approximately 20 minutes in total), samples of student work, and extensive written
commentaries answering prompts about their teaching practice (SCALE, 2013).
For educators, the edTPA has been compared to the bar exam or medical exam for
lawyers and physicians (Ginsberg & Kingston, 2014), but because of the relatively young age of
the assessment, few studies have been conducted on the impact it has on teacher candidate
development. The findings of a previous study (Reynolds & Park, in review) revealed there was
a strong positive connection between preservice science teachers’ PCK and their edTPA score,
suggesting that edTPA is a valid measure of that construct of teacher quality. However, this
previous study was limited in that it only examined participants’ PCK from their submitted
edTPA materials. Reynolds and Park (in review) also identified several common patterns within
preservice teachers’ PCK, as revealed by their edTPA portfolios, which suggest that preservice
science teachers (PSTs) may share common characteristics, hallmarks, or stages of PCK
development. Further research is needed to understand if the characteristics of PCK identified in
that study are indeed characteristic of PSTs and typify their PCK development or are merely a
result of the requirements of the edTPA.
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Pedagogical Content Knowledge for Science Teaching
In the four decades since its original conceptualization, PCK has become synonymous
with teacher quality and effective teaching and has become a frequently researched construct of
teacher knowledge within science education (Grossman, 1990; Kind, 2009; Magnusson, Krajcik,
Borko, 1999; Luft et al., 2011, Park & Chen, 2012, Park & Oliver, 2008a, 2008b). Due to the
complex nature of PCK, scholars have developed divergent conceptualizations and models of
PCK according to their research agendas, which are discussed in detail in the next chapter.
However, most scholars agree PCK consists of several discrete components, which are blended
together and function synergistically when applied to solve problems in practice (Carlson et al.,
2019; Gess-Newsome, 2015; Grossman, 1990; Hashweh, 2005; Magnusson, Krajcik, & Borko,
1999; Park & Oliver, 2008a).
For over 20 years, the most commonly used PCK model in science education has been
the model proposed by Magnusson et al. (1999) and its variants (i.e., Hanuscin et al., 2011; Park
& Oliver, 2008a, 2008b; Park et al., 2017) (Chan & Hume, 2019). Magnusson et al. (1999) built
upon Grossman’s conceptualization of PCK (1990) by modifying her four identified components
of PCK to be specific to science teaching and through the addition of a fifth component,
knowledge of assessment, proposed by Tamir (1988). Park and Oliver (2008a) organized the
components of PCK for science teaching into a pentagonal form with PCK in its center to
emphasize the interrelatedness and mutual interactions among the five components: (a)
Orientations to Teaching Science (OTS), (b) Knowledge of Students’ Understanding in Science
(KSU), (c) Knowledge of Science Curriculum (KSC), (d) Knowledge of Instructional Strategies
and Representations (KISR), and (e) Knowledge of Assessment of Science Learning (KAs).
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Each one of the components described briefly in the next paragraph, is discussed in detail in the
next chapter.
The first component is orientations to teaching science (OTS), which includes a teacher’s
beliefs about the goals and purposes of science teaching, their belief about teaching and learning
science, and their beliefs about the nature of science (Kind, 2016; Park & Chen, 2012; Park &
Oliver, 2008a). Second, knowledge of students’ understanding of science (KSU) is a teacher’s
understanding of student misconceptions, learning difficulties, prior knowledge, motivation,
interests, and needs. Third, knowledge of science curriculum (KSC) includes a teacher’s
knowledge of curriculum materials and resources, horizontal curriculum (in grade-level), and
vertical curriculum (across grade levels). It also includes “curricular saliency” or a teacher’s
knowledge of the importance of a topic relative to the whole curriculum, which enables them to
identify the core concepts and big ideas and eliminate trivial facts (Geddis et al., 1993). Fourth,
knowledge of assessment of science learning (KAs) is a teacher’s understanding of methods of
assessing science learning and which dimensions of science learning to assess. The last
component, knowledge of instructional strategies and representations (KISR), represents the
knowledge that teachers possess that includes both subject-specific and topic-specific strategies
when giving instruction (Park & Chen, 2012; Park & Oliver, 2008a).
Recognizing research on PCK in science education had suffered from the absence of a
consensus definition and divergent theoretical representations of the construct, two international
PCK summits were held in 2012 and 2016 (Berry et al., 2015; Carlson et al., 2019). Out of these
two PCK summits, follow-up discussions, and careful analysis of existing PCK frameworks,
models, and PCK research, the Refined Consensus Model of PCK in Science Education (RCM)
was developed (Carlson et al., 2019). The RCM identifies how broader professional knowledge
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bases (e.g., content knowledge and pedagogical knowledge) and learning context (e.g., federal
and school policies, community values, and student attributes) influence teachers’ development
of PCK, inform teachers’ science instruction, and, ultimately, impact students’ learning
outcomes (Carlson et al., 2019). A distinct feature of the RCM from previous PCK models is
that it outlines three distinct levels of PCK: collective PCK (cPCK), personal PCK (pPCK), and
enacted PCK (ePCK). A detailed description of each is provided in the next chapter.
Within the RCM, the constructs of personal PCK and enacted PCK are particularly
relevant to this study. Personal PCK is the reservoir of knowledge and skills that a teacher can
draw upon during their teaching practice. A teachers’ personal PCK in teaching science is
developed, evaluated, validated, and refined over time through education (teacher preparation
and professional development programs), teaching experiences, and professional collaboration.
As aspects of personal PCK are accessed and implemented, it becomes enacted PCK. A key
feature of enacted PCK is a teacher’s employment of pedagogical reasoning to meet the needs of
their particular students. Enacted PCK becomes visible in a teachers’ expression of knowledge,
choice of instructional strategies and representations, articulation of the rationale behind specific
pedagogical decisions, and the integration of multiple facets of PCK (e.g., knowledge of
students, knowledge of curriculum, and knowledge of assessment). Enacted PCK is utilized by
teachers throughout all three phases of the pedagogical cycle: planning, enactment, and reflection
(Carlson et al., 2019). With this in mind, data sources and collection methods must be planned to
elicit PCK from each of the three stages (Park, 2019).
In discussing the potential implications of the RCM, Carlson and her colleagues (2019)
state, “the model also offers a way to think about how to support teacher development over a
career trajectory from preservice to expert leadership by considering the role of experience,
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students, and colleagues in the development of PCK” (p. 92). They go on to explain that the
RCM could be used in conjunction with other PCK models to define aspects of PCK that are not
explicitly articulated in the RCM, such as the mechanisms and pathways by which teachers
develop their PCK or connect various knowledge bases. “For example, one might argue that the
Magnusson et al. (1999), and variations of it [i.e., the Pentagon model], could be a very useful
way to further unpack what teachers are doing and thinking about during the development and
use of pPCK and ePCK” (Carlson et al., 2019 p. 92).
Considering this, both the Refined Consensus Model (Carlson et al., 2019) and the
Pentagon model of PCK (Park & Oliver, 2008a) served as appropriate conceptual frameworks
for this study. Specifically, the RCM served as a conceptual framework for understanding the
sources and nature of PCK development within PSTs, while the Pentagon model was valuable in
describing the characteristics of PSTs’ enacted PCK and identifying potential patterns of PCK
development over time, as it defines the observable subcomponents of PCK and is associated
with an analytic approach, PCK Mapping (Park & Chen, 2012; Park & Suh, 2019).
Preservice Science Teachers’ PCK and PCK Development
Despite broad consensus on the importance of PCK in facilitating quality teaching, little
is known about the development of PCK in PSTs (Abell, 2007; Chan & Hume, 2019; Kaya,
2009; Sorge et al., 2017; Van Driel et al., 2014). While studies regarding preservice teachers’
PCK and PCK development pervade the science education literature, the myriad of different
ways researchers investigate preservice teachers’ PCK, including how they conceptualize it and
the various methodological approaches they take in assessing it, have greatly limited the ability
of various stakeholders to generalize the findings from past studies to inform future research,
teacher preparations programs, and policy (Abell, 2007; Chan & Hume, 2019; Schneider &
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Plasman, 2011; Van Driel et al., 2014). In their survey of PCK literature, Chan and Hume (2019)
concluded, “even though researchers may share the same goal of measuring teachers’ PCK, what
they are actually measuring appears to be very different” (p. 9). Although characterizations of
PSTs’ PCK are only as reliable as the data on which they are based (Schnieder, 2015), the next
section briefly summarizes what is known about the characteristics of preservice teachers’ PCK
including its key components.
Characteristics of Preservice Science Teachers’ PCK
Researchers who have studied how PCK develops over time have found that its
constituent components do not develop evenly (Aydin et al., 2013) and that development in one
component of PCK is often in connection with development in another (Friedrichsen et al.,
2009). While PCK development is thought to be idiosyncratic to some degree (Nilsson &
Loughran, 2012), there is a growing body of research suggesting there are some patterns in
preservice teachers’ PCK development (Schnieder & Plasman, 2011). In a review of over
twenty-five years of PCK research, Schnieder and Plasman (2011) suggest several patterns in
PCK development using a learning progression framework. In general, PSTs’ teacher knowledge
begins with more generalized pedagogical knowledge and isolated components of PCK and
moves toward a PCK that integrates an increased number of knowledge bases and which is more
transformative over time (Brown et al., 2013; Friedrichsen et al., 2009; Schnieder & Plasman,
2011; Sickel et al., 2017; Wang & Volkmann, 2007). Research also suggests that this
development of more sophisticated knowledge about teaching is strongly associated with PSTs’
subject matter knowledge (Daehler, Heller, & Wong, 2015).
Several studies suggest knowledge of students’ understanding (KSU) and knowledge of
instructional strategies and representations (KISR) are the two most developed components of
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PSTs’ PCK (Aydin, Demirdöğen, et al. 2013; Demirdöğen et al., 2016; Demirdöğen &
Uzuntiryaki-Kondakci, 2016; Hanuscin & Hian, 2010; Norville, 2019). However, preservice
teachers are often unaware of students’ prior knowledge, misconceptions, and learning
difficulties before teaching (Brown et al., 2013; Friedrichsen et al., 2013; Geddis et al., 1993;
Halim & Meerah, 2002; Schneider & Plasman, 2011). Consequently, preservice teachers often
struggle to select appropriate teaching strategies given their students’ learning needs (Bektas,
2015; Brown et al., 2013; Friedrichsen et al., 2009; Kind, 2017). PSTs also typically demonstrate
a limited understanding of assessment (e.g., paper and pencil tests and quizzes) and the purposes
of assessing students (i.e., giving grades, determine if they need to repeat a portion of a lesson);
as such, PSTs often fail to consider assessment during their planning and instruction
(Friedrichsen et al., 2009; Kaya, 2009). Finally, concerning PSTs’ orientations to teaching
science (OTS), the majority of preservice science teachers initially hold a didactic or activity
driven OTS viewing teaching as showing, telling, describing, or explaining subject-matter
knowledge most frequently through lecture and verification laboratories (Brown et al., 2013;
Friedrichsen et al., 2013; Geddis et al., 1993; Kind, 2016, 2017; Schwarz & Gwekwerere, 2007).
Development of Preservice Science Teachers’ PCK
A primary goal of teacher preparation programs, either explicitly stated or implicit,
should be to help preservice teachers develop sufficient PCK for teaching (Abell, 2008). Teacher
preparation programs are where preservice teachers develop their foundational understandings of
pedagogy and the subject matter they intend to teach, as well as early practical experience in the
classroom. Grossman (1990) suggested four major sources of PCK development which are
characteristic of teacher preparation programs: (a) disciplinary education (e.g., science content
coursework), which directly constitutes the basis for SMK and, indirectly, constitutes the basis
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for knowledge of representations for teaching, such as analogies and examples, and their
orientations for teaching science; (b) classroom observations, which may promote PSTs’
knowledge of students’ understanding as they observe students’ misconceptions and learning
difficulties; (c) classroom teaching experiences, which may promote PSTs’ knowledge of topicspecific instructional strategies, such as demonstrations and investigations; and (d) professional
development programs (e.g., educational coursework, workshops, professional conferences, etc.)
which extend PSTs’ knowledge of instructional strategies and representations, and their
knowledge of students’ understanding. Because there have been few longitudinal studies of the
ways PCK develops in preservice teachers, the relative impact and relationships of these sources
of PCK development is not clear (Abell, 2007; De Jong et al., 2005; Van Driel et al., 2014).
Thus, it is necessary to investigate how the structure of professional knowledge differs at various
points in teacher education as well as which learning opportunities contribute to the development
of each component of PCK (Abell, 2008; Schnieder, 2015; Schnieder & Plasman, 2011). It does
seem that the most important contributions to PCK development are made by disciplinary
education (Halim & Meerah, 2002; Käpylä et al., 2009; Kaya, 2009) and classroom teaching
experiences (Brown, Friedrichsen, & Abell, 2013; De Jong et al., 2005; Nilsson, 2008; Van Driel
et al., 2002). However, while SMK and teaching experience are commonly attributed as being
the primary sources of PCK development within teacher education, they must be accompanied
by reflection (Abell, 2008; De Jong et al., 2001; Friedrichsen et al., 2009; Nilsson, 2006; Park &
Oliver, 2008a).
Teacher performance assessments, such as the edTPA, provide preservice teachers an
opportunity to rigorously reflect on their instructional practices and make connections to research
and theory (Sato, 2014). This type of reflective practice should enable them to identify and
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respond to dilemmas of practice more readily, more frequently analyze their teaching practices,
and demonstrate a willingness to take risks and explore alternative pedagogical approaches
(Darling-Hammond & Bransford, 2007; Davis et al., 2006; Park & Oliver, 2008b; Zeichner &
Liston, 1996). Additionally, the edTPA’s conceptualization of science teaching through inquiry
could potentially foster preservice teachers’ exploration and analysis of inquiry-oriented
instruction. Taken together, it seems reasonable that the edTPA portfolio creation process may
influence preservice teachers’ PCK development. To date, much of the PCK research with
preservice teachers has focused on different methods of documenting PCK and various
approaches to developing it. However, little effort has been devoted to considering the
implications of PCK development in the context of current policy initiatives that are affecting
education systems (Sickel et al., 2015). No study could be found which examines the potential
influence of teacher performance assessments, including the edTPA, on the development of PCK
in preservice science teachers.
Purpose of the Study
The purpose of this longitudinal qualitative study was to investigate the characteristics of
preservice science teachers’ PCK development during the last year of a teacher preparation
program, including student teaching and the edTPA creation process. This investigation of PCK
development focused on the integration of components of PCK (e.g., knowledge of student
understanding, knowledge of instructional strategies and representations, knowledge of
assessment, knowledge of curriculum, and orientations to teaching science). This study also
sought to explore the potential influence of the edTPA creation process on preservice science
teachers’ PCK development.

14
Research Questions
The following research questions guided this study:
1. What are the characteristics of preservice science teachers’ PCK at various points
during the final year of their teacher preparation program (i.e., the semester before
student teaching, the beginning of student teaching, edTPA submission, end of
student teaching)?
2. What influence, if any, does the edTPA portfolio creation process have on
preservice science teachers’ PCK development?
Significance of the Study
The on-going science education reform movement in the U.S. (e.g., National
Science Teacher Association [NSTA] 2012; Next Generation Science Standards [NGSS] Lead
States, 2013; NRC, 2010, 2012) aims to improve U.S. citizens’ scientific literacy (NRC, 2012;
Park et al., 2011). At the foundation of this reform movement is the belief that teachers should be
equipped with the understanding of how to transform complex science content into a form easily
understood and comprehended by students, connecting each concept to students’ prior
knowledge and selecting appropriate instructional strategies to address their misconceptions,
learning difficulties, and needs (Park et al., 2011). Our understanding of how teacher knowledge,
specifically PCK, develops over time among preservice science teachers is limited and, given the
increasing need for highly qualified teachers in the current accountability context, understanding
how future teachers’ PCK develops is important in order to improve science teacher education
effectively.
Overall, there have been few longitudinal studies of the ways PCK develops in preservice
teachers. Most of the studies which do exist are in the context of alternative certification
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programs (e.g., Brown et al., 2013; Friedrichsen et al., 2009); the undergraduate training of
teachers has received much less attention in the literature. Additionally, the majority of studies
which do focus on undergraduate teacher preparation examine PCK development in response to
targeted intervention, such a PCK instruction, implementing a new curriculum, CoReS and PaPers, and mentoring support (Aydin et al., 2015; Beyer & Davis, 2012; Demirdöğen, 2016; Kind,
2009). However, knowing how the characteristics of PSTs’ PCK, including the nature of the
integration of its components, at various points during the final year of their teacher preparation
program, with no interventions, is essential in understanding which aspects of undergraduate
teacher preparation programs enhance PCK development.
The study not only begins to fill the gap in the literature regarding the characteristics and
sources of PCK development among preservice teachers but also adds empirical support for the
recently proposed Refined Consensus Model of PCK for science teaching (Carlson et al., 2019).
This line of research not only presents a more dynamic view of PCK development but could aid
in identifying PCK learning progressions or stages among preservice science teachers. This
could be particularly useful in science teacher education where well-described PCK learning
progressions or stages could assist teacher educators in diagnosing earlier whether PSTs are on a
productive path and adjust instruction appropriately (Abell, 2008; Friedrichsen & Berry, 2015;
Kind, 2015; Henze & Van Driel, 2015; Schnieder & Plasman, 2011; Schnieder, 2015). Finally,
this study is valuable in understanding the influence, and possible value, of the edTPA for the
teaching profession; currently, more states have implemented the edTPA than there have been
empirical studies about its validity as a gatekeeper and assessment of teacher quality. Being able
to identify the characteristics of PCK development in PSTs would allow teacher educators and
policymakers to make more informed decisions of when a PSTs is ready to teach.
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Chapter Summary
The majority of U.S. high school graduates are not scientifically literate and, as a result,
are ill-prepared to compete for STEM-related careers in an increasingly global economy.
Because of teachers’ impact on student achievement, there is an increasing demand to prepare
and evaluate teacher quality. Teacher performance assessments have been widely implemented
as both summative and formative assessments of teacher quality. Teacher preparation programs
have a responsibility to ensure preservice teachers obtain the professional knowledge and skills
including PCK necessary to be effective in their future classrooms. Due to the various
conceptualizations and methods of assessing PCK over the past four decades, the characteristics
of PCK and PCK development among preservice science teachers are not well understood.
Understanding the characteristics of PSTs’ PCK development, including the nature of the
integration of PCK’s constituent components, would have positive implications in the design of
effective undergraduate teacher preparation programs. This longitudinal qualitative study
investigates the characteristics of preservice science teachers’ PCK development during the last
year of a teacher preparation program, including student teaching and the edTPA creation
process. This study also explores the potential influence of the edTPA creation process on
preservice science teachers’ PCK development, a blind spot in the literature. The next chapter
provides a review of the literature relevant to this investigation.
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CHAPTER TWO
LITERATURE REVIEW
This literature review begins by discussing various conceptualizations of teacher quality
and pedagogical content knowledge. In particular, several models of PCK for science teaching
are presented, compared, and contrasted. Relevant research regarding the impact of PCK on
teaching practices and student learning is presented. Next, past studies that examine the
integration of PCK components and the impact of teacher performance assessments on PCK
development among in-service teachers are reviewed. Previous research regarding the
characteristics of PCK and sources of PCK development among preservice science teachers is
surveyed and discussed. In addition, a brief history and relevant research relating to teacher
performance assessments, in particular the edTPA, is presented. Finally, current gaps in the
literature are summarized.
Conceptualizations of Teacher Quality
In 1966, sociologist James Coleman examined inequities across schools, including class
sizes, student achievement levels, school quality, school resources, and teacher quality, as
measured by the education levels and training of teachers. The 737-page report entitled, Equality
of Educational Opportunity, commonly referred to as the Coleman Report (1966), argued that
teacher quality had the greatest impact on student achievement compared to all other schoolrelated factors. Further, Coleman and his colleagues argued that variation in teacher quality has a
cumulative effect on students as they progress through school (Hanushek, 1979). More recent
research seems to suggest teacher quality not only plays a crucial role in improving short-term
student outcomes such as achievement on standardized tests but also long-term outcomes such as
overall educational attainment and employment income, particularly among minority and low-
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income students (Chetty et al., 2014; Koedel, 2008; Rivkin et al., 2005; Rockoff, 2004). In other
words, having a high or low-quality teacher will not just affect a group of students for one year
but likely for years to come. In the over 50 years since the Coleman Report was released, the
report's conclusions about the importance of teacher quality, in particular, have stood the test of
time and have been supported by studies which implement “more-sophisticated statistical
methods and employ far better data” (Goldhalber, 2016, para. 1.) (e.g., Darling-Hammond, 2010;
Goldhaber, 2007; Hanushek & Rivkin, 2006; Hattie, 2009; Rivkin et al., 2005; Rockoff, 2004).
Given the importance of quality teaching, there is considerable interest among teacher
educators, researchers, and policy-makers in understanding teacher quality and identifying the
teacher characteristics that are most predictive of student achievement. However, reaching
consensus on a definition and identifying key attributes and indicators of teacher quality have
proven elusive (Berliner, 2005; Darling-Hammond, 2000; Goldhaber & Anthony, 2007;
Reynolds, 1992). As noted by Berliner (2005), “Defining quality always requires value
judgments about which disagreements abound” (p. 206). Adequately defining teacher quality is
further complicated when considering the various occasions and purposes for determining
teacher quality (such as teaching licensure, making hiring decisions, rewarding excellent
teachers, and providing interventions for struggling teachers) (Goe, 2007; Reynolds, 1992).
Seeking to better conceptualize teacher quality, several researchers (Berliner, 2005;
Fenstermacher & Richardson, 2005; Goe, 2007) have focused on the multidimensional nature of
the concept and have conceptualized teacher quality as consisting of multiple parts: (a) inputs,
including teacher qualifications (e.g., education, certification, credentials, teacher test scores, and
experience) and characteristics (e.g., attitudes, attributes, beliefs, dispositions, self-efficacy,
gender, race); (b) processes, which includes a teacher’s practices (e.g., planning, instructional
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delivery, classroom management, interactions with students, and assessment strategies); and (c)
outcomes, teacher effectiveness or the results of the teacher’s actions on student learning and
achievement. Figure 2.1 shows how these components of teacher quality are related.
Figure 2.1
Graphic Representation of a Framework for Teacher Quality (Goe, 2007)

Input Measures of Teacher Quality
Most national, state, and local departments of education and education initiatives, such as
No Child Left Behind (U.S. Department of Education, 2004), have defined teacher quality in
terms of being “highly qualified” — looking to easily quantified input measures such as subjectmatter and general pedagogy coursework, degrees, scores on professional exams, teaching
certification, years of teaching experience, and evidence of participation in continued learning
and professional development (Goe & Stickler, 2008). Although these factors are considered
important for entry into the profession, research on these input measures of teacher quality has
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shown they are generally uncorrelated with a teacher’s ability to raise student achievement on
standardized tests (i.e., outcome measures of teacher quality) (Aaronson et al., 2007; Buddin &
Zamarro, 2009; Cohen et al., 2003; Darling-Hammond, 2000; Darling-Hammond & Sykes, 2003;
Goldhaber, 2002, 2007; Hanushek, 2011; Hanushek & Rivkin, 2006; Heck, 2007; Sanders &
Rivers, 1996; Wenglinsky, 2000). For example, Aaronson et al. (2007) reported only roughly 1%
of the total variation in student achievement in Chicago Public Schools was explained by teacher
certification or teachers’ advanced degrees. Kunter et al. (2013) observed that a teacher’s
performance as a student was unrelated to their instructional behaviors in their future classroom.
In other words, being a good student is not a strong indicator of if somebody will make a good
teacher.
When considering why input measures of teacher quality (e.g., education, certification,
credentials, teacher test scores) seldom demonstrate any correlation with outcome measures of
teacher quality, such as student achievement, it is important to consider past studies' reliance on
proxy measures and the validity of those types of measures (Campbell et al., 2014). In particular,
proxy measures of teacher knowledge have often been cited as being problematic in evaluating
teacher quality (Berliner, 2005; D’Agostino & Powers, 2009; Darling-Hammond, 2000; Goe,
2007; Youngs et al., 2003). Historically, most assessments of teacher knowledge, such as the
Praxis Series and National Evaluation Series, have been standardized multiple-choice tests which
examine either subject matter knowledge (SMK) or pedagogical knowledge (PK) (Mitchell et al.,
2001). The validity of these types of assessments has often been criticized because they
decontextualize and oversimplify teaching (Darling-Hammond & Snyder, 2000). Further, many
teacher educators and researchers argue that although SMK and PK are necessary to be a quality
teacher, examining them separately is not sufficient to capture the unique forms of knowledge
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and skills required for effective teaching (Berliner, 2005; Darling-Hammond, 2000). Shulman
(1986, 1987) first conceptualized this specialized form of knowledge for teaching as pedagogical
content knowledge (PCK).
Pedagogical Content Knowledge at The Center of Teacher Quality
In 1986, Lee Shulman, during his AERA Presidential Address, argued that for teachers to
be successful, they must apply both content and pedagogy simultaneously in the teaching process
(Shulman, 1986). Shulman conceptualized this intersection of content and pedagogy as
‘‘pedagogical content knowledge'' (PCK). Shulman (1986) defined PCK as "that amalgam of
content and pedagogy that is uniquely the province of teachers, their own special form of
professional understanding" (p. 8). Central to Shulman's (1986) conceptualization of PCK is the
understanding that subject matter must be transformed into forms that can be readily understood
by a particular group of students in a particular context. Specifically, according to Shulman
(1986), this transformation occurs as the teacher interprets the subject matter to be taught,
conceptualizes multiple ways to represent it, and then develops or modifies instructional
materials to utilize students' prior knowledge, appropriately support and scaffold learning, and
confront common misconceptions (Shulman, 1986).
In the U.S., several educational initiatives have recognized the importance of PCK in
facilitating high-quality teaching (Council of Chief State School Officers, 2013; National
Council for Accreditation of Teacher Education, 2008; NRC, 1996, 2012; U.S. Department of
Education, 2008). The Framework for K-12 Science Education (NRC, 2012) states, “in order to
move students along the developmental progression of practices, crosscutting concepts, and core
ideas, teachers need science-specific pedagogical content knowledge” (p. 256). In this regard, it
is widely accepted that teaching quality should be evaluated in terms of PCK (Park et al., 2018;
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Shulman, 1987). In recent years, research on PCK, particularly in mathematics and science
education, has become increasingly popular, at least in part, because PCK has been identified as
a critical element in predicting students’ learning and achievement (Gess-Newsome, 2013).
Impact of PCK on Teaching Practices and Student Learning
While a link between teacher quality and student outcomes has always been theoretically
assumed, as discussed previously, it has been difficult to support empirically. However, there is a
growing body of research which empirically supports the positive effect of PCK on teachers’
instructional practices and student learning (Alonzo et al., 2012; Baumert et al., 2010; Campbell
et al., 2014; Förtsch et al., 2016; Hill et al., 2005; Kanter & Konstantopoulos, 2010; Keller et al.,
2017; Kunter et al., 2013; Mahler et al., 2017; Ngo, 2013; Park et al., 2011; Roth et al., 2011;
Sadler et al., 2013). It has long been assumed that teachers with high levels of PCK are able to
devise learning environments that are simultaneously challenging and supportive by anticipating
student difficulties and adaptively responding when students encounter problems. Several studies
now support this claim. In Coe and colleagues’ (2014) meta-review of research on teacher
effectiveness, PCK was identified as the most significant impacting factor in student
achievement.
Hill et al. (2005) developed a multiple-choice instrument that directly measured
elementary school teachers’ pedagogical content knowledge in mathematics. Hill et al. (2005)
found that PCK in mathematics was significantly correlated with student achievement gains in
both first and third grades after controlling for other student-level covariates. In particular, they
found that the difference between high and low PCK teachers was associated with more than a
month’s additional learning for students in a year. Although only a modest effect, Coe et al.
(2014) points out that it is of a similar order of strength as the relationship between
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socioeconomic status (SES) and student achievement. A study by Campbell et al. (2014)
suggests the relative importance of teachers’ PCK on student achievement increases as students
go from elementary to middle school. Campbell’s et al. (2014) analysis revealed that although
teachers’ PCK did not influence their students’ mathematics achievement on state assessments in
the upper-elementary grades, there was a strong relationship affecting the achievement of
middle-grades students. For each SD increase in middle-grades teachers’ PCK, the estimated
mathematics achievement scores of their students increased by 22.1% (p < .001). With the
exception of prior student math achievement, the effect size of a teachers’ PCK was larger than
every other measured student variable on math achievement, including SES (-.085, p < .001) and
special education and English language learner designations (-.131, p < .001 and -.003, not
significant at 0.05, respectively) (Campbell et al., 2014). Ngo (2013), in a large quantitative
study of 3rd-grade math achievement in Cambodia (n= 6650 students, 217 teachers), also found
teachers’ PCK to have the largest effect on students’ achievement among teacher quality inputs
(years teaching, college degree, from the same community) and measured student and school
characteristics (student age, gender, SES, if the student works, and absences).
While the majority of studies that have examined the relationship between teachers’ PCK
and student achievement have been in the field of mathematics education, there are a growing
number of studies that examine the influence of science teachers’ PCK on instructional practices
and student learning. For example, Park et al. (2011) investigated the correlation between
biology teachers’ PCK level and the degree to which their classroom instruction is reformoriented as measured by the Reformed Teaching Observation Protocol (RTOP) (Sawada et al.
2002). Their results imply that the level of a teacher’s PCK is highly related to their
implementation of reform-based science teaching. Alonzo et al. (2012) compared a high-
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performing and low-performing physics class to investigate the difference in their teachers’
PCK-related in-class actions. Using video analysis, they identified three types of content
knowledge in interactions with students that they suggest might have an impact on student
outcomes: (a) flexible use of the content, which is related to understanding what is difficult for
students to understand; (b) rich use of the content, which connects to teachers’ knowledge of
instructional representations; and (c) learner-centeredness, which indicates that knowledge of
student learning difficulties may inform the sequencing of instructional representations.
Intervention studies, such as Heller et al. (2012) and Roth et al. (2011), have observed
that developing science teachers’ SMK and PCK leads to an improvement in student learning.
Kanter and Konstantopoulos (2010) investigated the impact of teachers’ SMK and PCK on
student learning in conjunction with implementing a project-based biology curriculum. Their
analysis of student data (n=197) showed that both teachers’ SMK and PCK were predictive of
students’ success mastering the related science content. However, PCK had the most predictive
power, especially on medium and high difficulty content items, for student achievement. This
suggests that teachers’ PCK is an important factor in students’ learning to apply concepts, getting
students beyond just recalling basic facts (Kanter et al., 2010). Sadler et al. (2013) examined
physical science tests administered to middle school students to investigate teachers’ ability to
examine the misconceptions related to test items. They found that teachers who could predict
popular wrong answers showed statistically significant gains in their students’ test scores,
suggesting that teachers’ PCK related to knowledge of students’ understanding is associated with
student learning. Daehler et al. (2016) examined the relationship between 48 biology teachers’
content-related professional knowledge, namely SMK, PCK, and curricular knowledge, and their
students’ performance (N=1036). Both teachers’ professional knowledge and students’
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performance were measured by paper-and-pencil tests. Using doubly latent multilevel analysis,
Daehler et al. (2016) found a significant positive relationship between biology teachers’ PCK
and students’ performance. However, in contrast to Kanter and Konstantopoulos (2010) and
Sadler et al. (2013), their results revealed no relationship between SMK and students’
performance.
Similar to previous studies in mathematics (Baumert et al., 2010, Kunter et al., 2013),
recent studies in science education provide empirical support that teachers’ PCK has a positive
effect on students' achievement and that the effect is mediated by cognitive activation (Förtsch et
al., 2016; Keller et al., 2017). Specifically, teachers with high levels of PCK are able to plan and
implement complex learning tasks which necessitate higher-order cognitive processing by their
students, thus enabling them to acquire more complex and advanced knowledge structures
which, in turn, leads to higher levels of achievement (Förtsch et al., 2016; Keller et al., 2017).
PCK manifests itself in the complexity of a teachers’ learning tasks and questions, allowing
students to build upon and connect their previous knowledge and understanding of subject
matter.
While several studies have pointed to a positive relationship between science teachers’
PCK and student achievements, others have found that PCK does not predict student learning
outcomes (e.g., Gess-Newsome et al., 2017; Liepertz & Borowski, 2019). The Quality of
Instruction in Physics (QuIP) project compared physics education in Finland, Germany, and
Switzerland (Fischer et al., 2014). Despite having the greatest learning gains in their classes,
Spoden and Geller (2014) found the Finnish teachers showed the lowest level of PCK. GessNewsome et al. (2011) suggest the way in which PCK is conceptualized, and subsequently
studied, impacts how a teachers’ PCK is scored or valued. Thus, the different conceptualizations
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of PCK adopted by studies and different methodologies used to investigate science teachers’
PCK may create substantial gaps between measures of teachers’ PCK and student achievement,
explaining why some studies failed to find a relationship between these variables.
Conceptualizations of Pedagogical Content Knowledge for Science Teaching
In the four decades since its original conceptualization, PCK has become synonymous
with teacher quality and effective teaching and has become a frequently researched construct of
teacher knowledge (Grossman, 1990; Kind, 2009; Magnusson et al., 1999; Luft et al., 2011, Park
& Chen, 2012, Park & Oliver, 2008a, 2008b). However, due to the complex often topic-specific
nature of PCK, scholars have developed divergent conceptualizations and interpretations of PCK
according to their research agendas. Despite not yet reaching a consensus on a theoretical model
or the components comprising PCK, most scholars have agreed on key components constituting
PCK and the coherence among the components being critical to the quality of PCK (Grossman,
1990; Hashweh, 2005; Magnusson et al., 1999; Park & Oliver, 2008a). Table 2.1 illustrates
different scholars’ conceptualizations of PCK. These conceptualizations often vary in which
components constituting PCK are identified and which identified components are integrated into
PCK.
Most scholars agree on Shulman’s (1986) two originally identified components of PCK
(see Table 2.1; Chan & Hume, 2019): (a) knowledge of student understanding and (b) knowledge
of instructional strategies. Shulman (1987) later described PCK as one of the “knowledge base[s]
for teaching”. According to Shulman (1987), this knowledge base for teaching consists of seven
categories, three related to content (i.e., content knowledge, PCK, and curriculum knowledge) nd
four categories, which included general pedagogy, learners and their characteristics, educational
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Table 2.1.
Components of PCK from Different Conceptualizations [extended from Van Driel et al. (1998)
and Park & Oliver (2008a)]
Knowledge of

Scholars
Shulman (1987)

Purposes for
Teaching a
Instructional
Subject
Student
Curriculum Strategies &
Matter Understanding & Media Representations Assessment

a

Subject
Matter

PCK

a

PCK

PCK

PCK

PCK

PCK

PCK

PCK

a

PCK

PCK

PCK

PCK

b

PCK

PCK

a

b

Cochran et al. (1993)

PCKg

b

PCKg

Geddis et al. (1993)

PCK

PCK

b

PCK

PCK

PCK

b

Tamir (1988)
Grossman (1990)

PCK

Marks (1990)
Smith & Neale
(1989)

PCK

PCK

a

Context Pedagogy

PCK

a

a

a

a
a

PCKg

a

PCKg
b

Fernandez-Balboa &
Stiehl (1995)

PCK

PCK

Magnusson et al.
(1999)

PCK

PCK

PCK

PCK

PCK

a

a

a

Hashweh (2005)

PCK

PCK

PCK

PCK

PCK

PCK

PCK

PCK

Loughran et al.
(2006)

PCK

PCK

PCK

PCK

PCK

Park & Oliver
(2008a)

PCK

PCK

a

a

a

Mavhunga &
Rollnick (2013)

a

PCK

PCK

PCK

PCK

Gess-Newsome
(2015)

c

PCK

a

PCK

a

a

c

a

Carlson et al. (2019)

c

PCK

a

PCK

a

a

c

a

PCK
PCK

PCK

PCK

b

Legend: PCK = author(s) includes this subcategory as a component of PCK; a = author(s) placed this subcategory
outside of PCK as a distinct knowledge base for teaching; b = author(s) did not discuss this subcategory (equivalent
to blank but used for emphasis); c = author(s) places this subcategory as an amplifier or filter to PCK

context, and educational purposes. Grossman (1990) expands upon Shulman’s ideas by
systematizing the components of the knowledge base of teaching and includes additional details.
In Grossman’s model (1990), PCK is at the center and is transformed by three related knowledge
bases: knowledge of subject matter knowledge, general pedagogical knowledge, and knowledge
of context. Grossman’s model of teacher knowledge is shown below in Figure 2.2. The arrows
between the domains of teacher knowledge in the Grossman (1990) model represents the
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reciprocal nature of the model in that the knowledge bases influence one another and create a
sophisticated and interactive form of knowledge unique to teaching. For Grossman (1990), PCK
was the interaction of four components: (a) knowledge and beliefs about the purposes for
teaching a subject, (b) knowledge of students’ understanding, conceptions, and misconceptions
of particular topics in a subject matter, (c) knowledge of curriculum and curriculum materials,
and (d) knowledge of instructional strategies and representations for teaching specific topics.
Figure 2.2.
Model for Pedagogical Content Knowledge (adapted from Grossman, 1990)

Marks (1990) included subject-matter knowledge (SMK) as a subcategory of PCK, rather
than a distinct knowledge base outside of PCK as Shulman and others had (Grossman, 1990;
Smith & Neale, 1989; Tamir; 1988). Additionally, Marks (1990) proposed an additional
subcategory of PCK, knowledge of media, while neglecting purposes for teaching a subject
matter. While several researchers have included SMK as a subcomponent of PCK (FernandezBalboa & Stiehl, 1995; Hashweh, 2005; Loughran et al., 2006; Mavhunga & Rollnick, 2013), the
component knowledge of media has not been adopted by other PCK models.
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Cochran et al. (1993) presents a modification to Shulman’s concept of PCK based on a
constructivist view of teaching and learning. Cochran’s et al. (1993) conceptualization of PCK,
pedagogical content knowing (PCKg), emphasizes the importance of teachers’ knowledge of the
learning process of their students and the context in which teaching and learning occur. Cochran
at el. (1993) defined PCKg as “a teacher’s integrated understanding of the four components of
pedagogy, subject matter content, student characteristics, and the environmental context of
learning” (p. 266). This definition emphasizes that teachers generate PCKg by developing these
four components of teacher knowledge simultaneously and that PCK is an active process rather
than a set of knowledge bases. Examining the generic nature of PCK among college professors,
Fernández-Balboa & Stiehl (1995) identified five knowledge components of PCK: subject
matter, the students, instructional strategies, the teaching context, and one’s teaching purposes.
Fernández-Balboa & Stiehl (1995) concluded only when teachers appropriately integrate all the
components of PCK and adapt their instruction by selecting the “right approach” for the “right
students” at the “right time” will effective teaching occur (p. 304).
PCK Models Based on Magnusson, Krajcik, & Borko (1999)
For over 20 years, the most commonly used PCK model in science education has been
the model proposed by Magnusson et al. (1999) and its variants (i.e., Hanuscin et al., 2011; Park
& Oliver, 2008a, 2008b; Park et al., 2018) (Chan & Hume, 2019). Magnusson et al. (1999) built
upon Grossman’s conceptualization of PCK (1990) by modifying the four components of PCK to
be specific to science teaching. In addition, Magnusson et al. (1999) followed Tamir’s (1988)
proposal through the addition of the fifth component of PCK, knowledge of assessment in
science. The interaction of these components, (a) orientations toward science teaching, (b)
knowledge and beliefs about science curriculum, (c) knowledge and beliefs about students’
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understanding of specific science topics, (d) knowledge and beliefs about assessment in science,
and (e) knowledge and beliefs about instructional strategies for teaching science, are shown in
Figure 2.3.
Figure 2.3.
Components of Pedagogical Content Knowledge for Science Teaching (Magnusson et al., 1999).

Pentagon Model of PCK
Park & Oliver’s (2008a) conceptualization of PCK organizes the five components of
PCK for science teaching into a pentagonal form with PCK in its center to emphasize the
interrelatedness and integration among the components (see Figure 2.4); each component is
described below. Placing PCK at the center also represents the potential of PCK to develop from
any of the five components and that the development of one component may simultaneously
encourage the development of others. However, PCK, which facilitates effective teaching,
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requires the integration of components in highly complex ways. Thus, Park & Oliver (2008a)
suggest a lack of integration among the components would be problematic for the development
of PCK, and an increase in knowledge of a single component may not be sufficient to stimulate
change in practice.
Figure 2.4.
Pentagon Model of Pedagogical Content Knowledge for Science Teaching (adapted from Park &
Oliver, 2008a).

Orientations to Teaching Science (OTS). This component of PCK refers to teachers’
knowledge and beliefs about the purposes and goals for teaching science at a particular grade
level (Grossman, 1990). Magnusson et al. (1999) posited orientations to teaching science is
central to PCK serving as the lens through which all components of PCK are understood,
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interpreted, and integrated. OTS influences PCK by serving as a concept map that guides
instructional decisions about learning objectives, assignments, the use of instructional strategies
and materials, and the assessment of student learning (Borko & Putnam, 1996; Van Driel et al.,
2014). Park & Oliver (2008a) adopted the nine orientations toward teaching science identified by
Magnusson et al. (1999): process, academic rigor, didactic, conceptual change, activity-driven,
discovery, project-based science, inquiry, and guided inquiry. The orientations are generally
organized according to the emphasis and characteristics of the instruction (Magnusson et al.,
1999). In addition, the Pentagon Model (Park & Oliver, 2008a) proposes three sub-dimensions of
OTS: beliefs about the purposes of learning science, decision-making in teaching, and beliefs
about the nature of science (NOS).
Knowledge of Science Curriculum (KSC). Curricular knowledge references teacher
understanding of the goals and objectives for student learning and the scope and sequence of the
scientific concepts to be taught; this knowledge distinguishes a science content expert from a
science teacher - a hallmark of PCK (Park & Oliver, 2008a). This component of PCK consists of
two categories: mandated goals and objectives and specific curricular programs and materials
(Magnusson et al., 1999). This component includes the knowledge teachers have about
horizontal curricula, the curriculum materials available for teaching particular topics addressed
during the school year, as well as the vertical curricula in their subject(s); that is, what students
have learned in previous years and what they are expected to learn in later years (Grossman,
1990). This knowledge enables teachers to identify key concepts, modify activities, and
eliminate aspects judged to be peripheral to the targeted conceptual understandings. Geddis et al.
(1993) called this understanding “curricular saliency” to emphasize the tension between
“covering the curriculum” and “teaching for understanding.”
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Knowledge of Students’ Understanding of Science (KSU). This component of PCK
includes two categories of knowledge: teachers’ knowledge and beliefs about prerequisite
knowledge for learning specific scientific knowledge, and knowledge of potential learning
difficulties students may encounter when learning the concept(s) (Magnusson et al., 1999). To
employ PCK effectively, teachers must understand what students already know about a concept
or topic and which concepts or topics students are likely to find difficult to learn. This
component includes knowledge of students’ conceptions of particular topics, learning
difficulties, motivation, students’ interests related to science topics, diversity in ability and skill,
learning style, developmental level, and specific learning needs. There are several reasons why
students find learning science concepts or topics difficult, and teachers should be knowledgeable
about each type of difficulty.
Knowledge of Instructional Strategies and Representation for Teaching Science
(KISR). This component of PCK consists of two categories: knowledge of subject-specific
strategies, and knowledge of topic-specific strategies (Magnusson et al. 1999). Strategies within
these categories differ concerning their scope. Subject-specific strategies are broadly applicable;
they are specific to teaching science as opposed to other subjects. Subject-specific strategies
include general instructional approaches that have broad application in teaching within a
scientific discipline (e.g., biology, chemistry, physics, etc.) such as learning cycles, conceptual
change strategies, and inquiry-oriented instruction. Topic-specific strategies are narrower in
scope and apply to teaching particular topics within a domain of science. Topic-specific
strategies include ways to represent concepts (models, analogies, examples, diagrams, pictures,
tables, and/or graphs) and engage students with instructional strategies/activities (investigations,
experiments, demonstrations, simulations, problems or examples) to facilitate student learning.
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This component also includes knowledge of the relative strengths and weaknesses of particular
representations and instructional strategies/activities (Magnusson et al., 1999).
Knowledge of Assessment in Science (KAs). Originally proposed by Tamir (1988), this
component of PCK consists of two categories: knowledge of the dimensions of science learning
important to assess, and knowledge of the methods by which students’ learning can be assessed.
Concerning the first category, Magnusson et al. (1999) argue teachers’ knowledge and
conceptualization of scientific literacy informs their decision-making of what dimensions of
science learning should be assessed in a particular unit. This component includes knowledge of
specific instruments, procedures, approaches, or activities that can be used to assess students’
understanding of scientific concepts. As there are many methods of assessment, some more
appropriate for assessing some aspects of student learning than others, a teacher must understand
the advantages and disadvantages associated with implementing a particular assessment strategy
(Magnusson et al., 1999).
Consensus Model of PCK
Recognizing research on PCK in science education had suffered from the absence of a
consensus definition and divergent theoretical representations of the construct, in 2012, a summit
was held to examine the construct of PCK (Berry et al., 2015). The PCK Summit brought
together 22 science educators/PCK researchers from 11 international research teams to spend
five days together to present models of PCK, explore the relationship of PCK to other
professional knowledge bases, create consensus definition of PCK, and consider the potential of
identifying a unified model of PCK (Berry et al., 2015). The Summit led to the introduction of
the model of teacher professional knowledge and skill (TPK&S) commonly referred to as the
consensus model of teacher professional knowledge, including PCK. (see Figure 2.5.; Gess-
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Newsome, 2015). This model emerged through the comparison, discussion, and combination of
all the PCK models presented at the Summit. The consensus model “underscores the multiple
sources of PCK, its position relative to other forms of professional knowledge and the iterative
nature of its development via the use of feedback loops” (Chan & Hume, 2019, p. 8)
Figure 2.5.
Model of Teacher Professional Knowledge and Skill, Including PCK (Gess-Newsome, 2015)

Similar to Shulman’s conceptualization (1987), the consensus model includes several
general teacher professional knowledge bases (TPKB): (a) assessment knowledge; (b)
pedagogical knowledge; (c) content knowledge; (d) knowledge of students; and (e) curricular
knowledge. This knowledge is created and codified by researchers or experts and often falls
beyond the typical understanding of teachers. While the TPKB is generic, it informs and is
informed by topic-specific professional knowledge (TSPK). Examples of topic-specific
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professional knowledge include the selecting effective instructional strategies or representations
and organizing content to highlight and build key content ideas; an understanding of students’
prior knowledge and/or misconceptions regarding a topic; and knowing how to integrate science
and engineering practices, crosscutting concepts, and nature of science within a topic. While
these examples of TSPK may sound similar to the knowledge that has previously been associated
with PCK, Gess-Newsome (2015) argues there is a critical distinction. In contrast to PCK, which
is the professional, personal knowledge used by teachers (Shulman, 1986), TSPK is the
canonical, community knowledge of the teaching profession, generated by experts through
research or best practice, available for the study and use by teachers. Gess-Newsome (2015)
contends the consensus model’s explicit decoupling of professional knowledge (TPKB and
TSPK) from personal knowledge (e.g., personal PCK) and skill “clarifies concepts which were
previously conflated in many attempts to describe, measure, or capture PCK” (p. 34).
The consensus model removes the affective components of PCK (e.g., teachers’
orientation and beliefs) and instead repositions them, along with teachers’ prior knowledge and
contextual variables, as “amplifiers and filters” which mediate the translation of professional
knowledge (i.e., what a teacher knows) to classroom practice (i.e., what a teacher does) (p. 31).
For example, during a professional development workshop, a teacher with a didactic orientation
toward teaching science may be presented with several inquiry-based strategies, accurately
describe those strategies on a knowledge test, and then not go on to implement them in their
classroom. In another case, a teacher’s beliefs about the nature of science may cause them to
enthusiastically design instruction that integrates the inquiry-based strategies. Here the teachers’
beliefs and orientations acted as either an amplifier or filter for a change in practice. GessNewsome (2015) goes on to suggest that a teacher's personal knowledge base might also act as
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an amplifier or filter. Teachers with deep, more structured content knowledge may apply new
knowledge and skills to instructional planning differently than teachers with limited knowledge
or misconceptions (Borko & Livingston, 1989; Gess-Newsome, 1999).
During the first PCK Summit, the following definitions of personal PCK and a related
construct, PCK and skill (PCK&S), were developed,
● Personal PCK is the knowledge of, reasoning behind, and planning for teaching a
particular topic in a particular way for a particular purpose to particular students for
enhanced student outcomes (Reflection on Action, Explicit).
● Personal PCK&S is the act of teaching a particular topic in a particular way for a
particular purpose to particular students for enhanced student outcomes (Reflection in
Action, Tacit or Explicit). (Gess-Newsome, 2015, p. 36; italics included in the original)
Within these definitions, several assertions regarding the nature of PCK are made. First, PCK is
personal knowledge, rather than a collective knowledge base like those described earlier in the
model. Second, PCK is highly context-specific with regard to the topic being taught, the way and
purpose it is being taught, and the students to which it is taught. A teacher could demonstrate
strong PCK for one topic and weak PCK for another. This attribute of PCK is particularly
important when considering the prevalence of out-of-field science teaching (Kind, 2017; Lee et
al., 2007; Nixon et al., 2017). Third, PCK is used during all three stages of an instructional cycle
(planning, instruction, reflection); however, the knowledge used during instruction is dynamic,
often tacit, and therefore difficult to assess. Fourth, while possessing a robust knowledge for
teaching is essential, knowledge alone does not constitute teacher quality. While a teacher may
know an appropriate instructional strategy for a particular topic, they may or may not have the
skill set to implement it effectively. This distinction between PCK and PCK&S allows
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researchers to differentiate what they are measuring more clearly, and their purposes in doing so,
while examining teacher knowledge and practice (Gess-Newsome, 2015).
Refined Consensus Model
Following the success of the first PCK Summit, discussions continued among science
PCK researchers regarding the recently developed Consensus Model and the potential benefits of
having an agreed-upon conceptualization of the construct of PCK in science education. While the
Consensus Model aided in situating PCK within the broader context of professional knowledge
and skills, the model did not adequately address which variables, layers, or components comprise
PCK itself. Consequently, PCK in science education continued to be interpreted, operationalized,
and assessed in a variety of ways (Carlson et al., 2019). A comprehensive review of PCK
research in science education by Chan and Hume (2019) revealed that although many recent
studies had made connections between the Consensus Model and their theoretical framework, the
link was often cosmetic and superficial rather than genuine and detailed. This suggested
integrating the Consensus Model into extant lines of research was proving challenging for many
science education researchers (Chan & Hume, 2019).
So once again, in December 2016, an international group of 24 PCK researchers in
science education, many of whom had attended the first PCK Summit, met to continue the
discussion on the various interpretations and operationalizations of PCK. This time talks also
focused on the multiple data sources and analytical approaches taken to assess PCK in science
teachers. Out of these discussions evolved a more honed understanding of PCK in science
education and the development of the Refined Consensus Model (RCM) of PCK in science
education (Figure 2.6).
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Figure 2.6.
The Refined Consensus Model (RCM) of PCK (Carlson et al., 2019)

The RCM of PCK is centered around the practice of science teaching and emphasizes
how the complex interactions of various knowledge bases, as well as experiences, shape and
inform teachers’ enactment of instruction, which in turn influences student outcomes (Carlson et
al., 2019). The RCM outlines three distinct domains of PCK, collective PCK (cPCK), personal
PCK (pPCK), and enacted PCK (ePCK). The RCM also identifies how broader professional
knowledge bases (e.g., content knowledge and pedagogical knowledge) and learning context
(e.g., federal and school policies, community values, and student attributes) influence teachers’
development of PCK, inform teachers’ science instruction, and, ultimately, impact students’
learning (Carlson et al., 2019).
Beginning with the innermost circle, enacted PCK is the “specific knowledge and skills
utilized by an individual teacher in a particular setting, with a particular student or group of
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students, with a goal for those students to learn a particular concept, collection of concepts, or a
particular aspect of the discipline” (Carlson et al., 2019, p. 83). This conception of enacted PCK
mirrors that of “personal PCK” described in the original Consensus Model. A key feature of
enacted PCK is a teacher's employment of pedagogical reasoning to meet the needs of their
particular students. Pedagogical reasoning is the act of teaching which requires a teacher to draw
on and integrate multiple dimensions of their understanding for teaching (e.g., knowledge of
instructional strategies and representations, knowledge of students, knowledge of assessment,
knowledge of curriculum). Enacted PCK becomes visible in a teachers’ expression of
knowledge, choice of instructional strategies and activities, and their articulation of the rationale
behind specific pedagogical decisions. Emphasized by the text “Plan-Teach-Reflect” placed at
the center of the RCM, enacted PCK not only applies to the knowledge and pedagogical
reasoning behind the act of actual instruction (reflection in action) but also the acts of planning
and reflection on instruction and student outcomes (reflection on action) (Carlson et al., 2019).
With this in mind, it is important that data sources and collection methods are planned to elicit
PCK from each of the three stages (Park & Suh, 2019). The role of student outcomes in teachers’
PCK in science is important, as student outcomes are the most pragmatic means of determining
the effectiveness of a teacher’s instruction. The student icons in the enacted PCK circle represent
the students a teacher teaches, as well as the outcomes of their teaching.
While enacted PCK is specific to a particular science teaching episode, personal PCK is
the reservoir of knowledge and skills that a teacher can draw upon during their teaching practice.
As aspects of personal PCK are accessed and implemented, it becomes enacted PCK. Thus,
enacted PCK represents only a subset of a teacher’s personal PCK. In the RCM, the exchange of
knowledge between enacted PCK and personal PCK is two-directional, both informed by and

41
informing each other; this is represented by the double arrows between the two concentric
circles. The interplay between teachers’ personal PCK, their pedagogical reasoning, their enacted
PCK, how teachers respond to students, and student learning outcomes are at the center of many
PCK research projects in science teacher education.
A teachers’ personal PCK in science is developed, molded, and refined over time through
education (e.g., teacher preparation and professional development programs; all sources of
collective PCK), teaching experiences, and professional collaboration. Within the RCM, an
affective PCK domain is described. This domain includes, among other things, teachers’ interest
and value beliefs, self-concept, self-efficacy, self-esteem, and beliefs. However, just as
‘orientations to teaching science’ in the Consensus Model, these aspects are not as a part of
personal PCK, but rather act as amplifiers and filters influencing its development (Hume,
Cooper, & Barowski, 2019). Further, personal PCK in teaching science is also both informed by
and can inform the learning context in which a teacher operates. Given every teacher has varied
educational and teaching experiences, personal PCK is conceptualized as being unique for
individual teachers. However, it stands to reason, preservice and novice teachers’ personal PCK
might initially share similar characteristics; particularly, if they were prepared in the same
teacher education programs and had had similar teaching experiences within a common learning
context as their peers up to that point. However, even teachers with similar teaching experiences
likely have different attitudes and beliefs, which will amplify and/or filter their contribution to
teachers’ personal PCK.
Similar to Shulman’s (1986) original conceptualization of PCK, collective PCK (cPCK)
is a specialized knowledge base for science teaching held and expanded by science teachers,
science education researchers, and other science education professionals. In other words, the
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knowledge which comprises cPCK is not possessed by an individual teacher but is instead the
public, collective knowledge held by a group of science education professionals. As shown in
Figure 2.6, cPCK ranges in its grain size from discipline-specific to topic-specific to conceptspecific PCK. Due to readability and space limitations, the grain size of specialized content is
only represented within the cPCK realm in the RCM; however, this principle applies to all other
aspects of PCK, including a teacher’s personal and enacted PCK. Finally, the outermost layer of
the RCM represents the historical definition of PCK for science teaching, the intersection of
professional knowledge bases (e.g., science content knowledge, pedagogical knowledge,
knowledge of students, curricular knowledge, and assessment knowledge) (Grossman, 1990;
Shulman, 1987). “Without these knowledge bases, a teacher’s PCK is quite limited” (Carlson et
al., 2019, p. 90).
In discussing the potential implications of the RCM, Carlson et al. (2019) state, the RCM
addresses the previous conflict when answering the question “Is PCK general or individual?” by
defining several domains or categories of PCK and proposing a structure of the relationships
between the domains (p. 92). They go on to suggest, “the model also offers a way to think about
how to support teacher development over a career trajectory from preservice to expert leadership
by considering the role of experience, students, and colleagues in the development of PCK” (p.
92). It is important to note that the RCM does not define certain aspects of PCK, such as the
mechanisms and pathways by which teachers develop their PCK or connect various knowledge
bases. Instead, the authors call on other scholars to help make the connections between the RCM
and previous models, which define those aspects of PCK more explicitly. “For example, one
might argue that the Magnusson et al. (1999), and variations of it, could be a very useful way to
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unpack further what teachers are doing and thinking about during the development and use of
pPCK and ePCK” (Carlson et al., 2019, p. 92).
Interaction of PCK Components
Although researchers have not yet reached an agreement on the particular components
that constitute PCK, the idea of integration of knowledge components is central to most
conceptualizations of PCK (Carlson et al., 2019; Fernández-Balboa & Stiehl, 1995; GessNewsome, 2015; Hashweh, 2005; Loughran et al., 2006; Magnusson et al., 1999; Mavhunga &
Rollnick, 2013; Park & Oliver, 2008a). The notion that a teacher’s PCK depends on the degree
of integration and coherence among the components resonates with the work of many PCK
scholars (Friedrichsen et al., 2009; Hashweh, 2005; Krauss et al., 2008; Park & Chen, 2012; Van
Driel et al. 2002). Abell (2008) stated that PCK is more than the sum of its components. In order
for effective teaching to occur, teachers must be able to integrate PCK components within a
given context (Gess-Newsome, 2015; Park & Chen, 2012). This integration of the components is
accomplished through continuous and complementary reflection before and after teaching
(reflection on action) as well as while making adjustments during instruction (reflection in
action) (Gess-Newsome, 2015; Park & Oliver, 2008a). This type of reflective practice reinforces
the integration of PCK components, which in turn facilitates the growth in PCK and changes in
teaching practices. If a teacher is unable to integrate the components of PCK coherently,
development within a single component would not be enough to improve their overall PCK or
practice (Aydin et al., 2015; Park & Chen, 2015). In this regard, research on the nature and
development of PCK among preservice teachers needs to pay more attention to interactions
among PCK components than to each component as a silo (Abell, 2008).
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Studies to understand the integration of PCK components have primarily been conducted
by two approaches (Park & Chen, 2012; Van Driel et al., 2014). The first approach explores how
one component affects another component. For example, Brown et al. (2013) and De Jong et al.
(2005) investigated the relationship between knowledge of student understanding (KSU) and
knowledge of instructional strategies and representations (KISR) without addressing their
integration with other components of PCK. The second approach examines the complexity of
PCK through a more holistic approach by examining how particular components are related to
one another, to the construct of PCK as a whole, and to instructional practice. Studies using this
approach typically work from the idea that developing an understanding of the nature of the
integration of different PCK components will help to shed more light on the process of PCK
development. Studies utilizing this approach can be subdivided further into two main groups;
those that seek to describe the nature of science teachers’ PCK “as it is” (e.g., Aydin & Boz,
2013; Aydin, Friedrichsen, et al., 2013; Kaya, 2009; Padilla & Van Driel, 2011; Park & Chen,
2012) and those that focus on the nature of the development of science teachers’ PCK following
a specific intervention (e.g., Aydin, Demirdöğen, et al., 2013, 2015; Barnett & Friedrichsen,
2015) or over a period of time (such as during a teacher preparation program or first years
teaching) (e.g., Friedrichsen et al., 2009. Henze et al., 2008; Lee et al., 2007)
Recently, there has been an increasing number of studies which investigate the
connections between two or more PCK components using the PCK Map approach (see Park &
Suh, 2019 and Ch. 3 for more details) developed by Park and her colleagues (Park & Chen,
2012, Suh & Park, 2017). Several studies have adopted this approach to investigate the PCK of
both in-service teachers (e.g., Akin & Uzuntiryaki-Kondakci, 2016; Aydin & Boz, 2013, Park &
Chen, 2012; Suh & Park, 2017) and preservice teachers (e.g., Aydin, Demirdöğen, et al. 2013;

45
Demirdöğen et al., 2016; Demirdöğen & Uzuntiryaki-Kondakci, 2016; Gastaldo et al., 2016;
Reynolds & Park, in review). An important strength of this approach is its ability to make the
abstract and complex integration of PCK components more visible, explicit, and accessible (Park
& Chen, 2012; Park & Suh, 2019). In the context of the RCM, PCK Maps are a useful tool in
examining the pedagogical reasoning and action that drives knowledge exchange between
personal and enacted PCK. Also, by quantifying the interactions of a PCK map to create a PCK
score, researchers can examine the relationships between PCK, and other variables associated
with teacher quality and student outcomes through quantitative analyses (Park & Suh, 2019). For
example, using the PCK Map approach and correlational analysis, Reynolds and Park (in review)
revealed there was a strong positive connection between preservice science teachers’ PCK and
their edTPA score, suggesting that edTPA is a valid measure of that construct of teacher quality.
Future research could contribute to revealing the pathways and mechanisms of “student
outcomes” and “student contributions” on personal and enacted PCK within the RCM (Park &
Suh, 2019).
While previous research has begun to illuminate the nature of the relationships between
individual components of PCK, more research should be conducted to discover the relative
strength of PCK connections at various points in a teachers’ career. This would help teacher
educators and those creating professional developments understand which factors are the most
likely to influence the development of weak connections. More research needs to be conducted
to understand how PCK connections are developed, both for preservice teachers and in-service
teachers. Finally, research focusing on the integration between PCK components would provide
empirical support for the RMC and the consensus view that although PCK comprises discrete
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components, they must be blended together and function synergistically when applied to solve
problems in practice (Abell, 2008; Chan & Hume, 2019).
Research of Preservice Teachers’ PCK and PCK Development
Teacher preparation programs are supposed to prepare future teachers to meet the
challenges of the classroom and positively influence student achievement. To do this, most
education programs recognize the importance of developing robust subject matter knowledge,
pedagogical knowledge, and PCK in preparing high-quality science teachers (Abell, 2008; Sickel
et al., 2015). Many scholars recognize the potential of PCK as a heuristic for teacher knowledge,
which helps untangle the complexities of what teachers know about teaching and how it changes
over time (Schneider & Plasman, 2011). Despite broad consensus on the importance of PCK in
facilitating quality teaching, little is known about the development of PCK in PSTs (Abell, 2007;
Chan & Hume, 2019; Kaya, 2009; Sorge et al., 2017; Van Driel et al., 2014). While studies
regarding preservice teachers’ PCK and PCK development pervade the science education
literature, the myriad of different ways researchers investigate preservice teachers’ PCK,
including how they conceptualize it and the various methodological approaches they take in
assessing it, have greatly limited the ability of various stakeholders to generalize the findings
from past studies to inform future research, teacher preparations programs, and policy (Abell,
2007; Chan & Hume, 2019; Schneider & Plasman, 2011; Van Driel et al., 2014).
For example, in some studies, researchers focus on measuring constituent components of
PCK through paper and pencil tests (Kaya, 2009; Sorge et al., 2017), while others measure how
PCK, as a whole, is applied in practice and informs teaching practices using observations and
semi-structured interviews (Aydin et al., 2015; Friedrichsen et al., 2009). Many studies only
examine the relationship between a limited number of components, most frequently knowledge
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of students’ understanding (KSU) and knowledge of instructional strategies and representations
(KISR); others do not include the integration of components at all. In their survey of the PCK
literature, Chan and Hume (2019) conclude, “even though researchers may share the same goal
of measuring teachers’ PCK, what they are actually measuring appears to be very different” (p.
9). It is crucial teacher educators understand the processes by which preservice teachers develop
their professional knowledge and the conditions that support and promote this growth (Nilsson,
2009).
PCK research among preservice teachers has generally followed at least one of four
major research lines (Chan & Hume, 2019). The first line of research investigates the
development of PSTs’ PCK within the naturalistic context of a teacher preparation program or a
part of it such as student teaching (e.g., Barnett & Friedrichsen, 2015; Brown et al., 2013;
Findlay & Bryce, 2013; Hanuscin, 2013; Nilsson & Van Driel, 2010; Sorge et al., 2017). These
studies typically provide a snapshot of the PSTs’ PCK, measured using the same methodology
before and after a certain time frame. Almost all of these studies are qualitative and have a small
sample size (<8 PSTs); a notable exception is a large (N=200) quantitative study by Sorge et al.
(2017), which utilized a cross-sectional design to compare the PCK of beginning and more
advanced PSTs. The second line of research is similar to the first; however, these studies
investigate the changes in PSTs’ PCK as a result of an intervention typically implemented within
a methods course or workshop (e.g., Aydin, Demirdöğen, et al., 2013, 2015; De Jong et al., 2004,
2005; Loughran et al., 2008; Mavhunga & Rollnick, 2016; Nilsson & Loughran, 2012). In their
recent survey of PCK studies, Chan and Hume (2019) reported this research line contained the
most studies of PCK among preservice science teachers. Similar to the previous research line,
qualitative studies with a small sample size are the most common; however, a few relied on
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quantitative or mixed methods to investigate the effectiveness an intervention and adopted a
quasi-experimental design (e.g., Rozenkräzer et al., 2017; Scharfenberg & Bogner, 2016; Smit,
Rietz, et al., 2017). Studies in this research line often have clear implications for science teacher
educators as they identify and describe best practices in developing preservice teachers PCK
(Aydin et al., 2015; Loughran et al., 2008; Smit, Rietz, et al., 2017)
The third research line examines the nature of preservice teachers’ PCK “as it is”. While
these snapshot studies are the most common type of PCK research among in-service teachers,
this approach is less common among preservice teachers where PCK development is typically
the focus of most PCK related investigations (Chan & Hume, 2019). Again, most of these studies
are qualitative studies which describe the nature and characteristics of preservice teachers’ PCK
with respect to predetermined PCK components, most common knowledge of students’
understanding (KSU) and knowledge of instructional strategies and representations (KISR) (Lee
et al., 2007; Kellner et al., 2011; Kind, 2015, 2017). Only two studies within this research line
examined all five PCK components of the Pentagon model (Demirdöğen, 2016; Friedrichsen et
al., 2009). In addition to examining individual components, a number of these studies inquire
into the nature of integration between components of PCK (e.g., Friedrichsen et al., 2009; Kaya,
2009; Sorge et al., 2017). Finally, a few of these studies compare the PCK of preservice teachers
to that of more experienced teachers (e.g., Friedrichsen et al., 2009; Lin, 2017; Sorge et al.,
2017).
The fourth line of studies explores the relationship between PCK and another variable,
such as affective attributes such as attitudes, beliefs, self-efficacy, and self-concept (Mavhunga
& Rollnick, 2016; Paulick et al., 2016; Smit, Weitzel, et al., 2017); teacher self-regulation
(Uzuntiryaki-Kondakci et al., 2017) or knowledge (e.g., SMK, PK, contextual knowledge)
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(Großschedl et al., 2014, 2015, 2019; Käpylä et al., 2009; Kaya, 2009; Nilsson, 2008; Sorge et
al., 2017, 2019). The types of studies can be classified into two subgroups. The first subgroup
consists of small, qualitative studies. The second subgroup often utilizes standardized paper and
pencil tests to measure PCK and different statistical analysis to investigate and verify PCK and
the variable of interests (Chan & Hume, 2019)
It is important to note that several studies fall into multiple research lines (Kaya, 2009;
Mavhunga & Rollnick, 2016; Sorge et al., 2017) based on the multiple purposes of each study.
To summarize, most of the research on preservice science teachers’ PCK has focused on
components of PCK, most common knowledge of students’ understanding of science (KSU),
knowledge of instructional strategies and representations (KISR), and how those components
develop in response to a specific intervention (Abell, 2007; Schneider & Plasman, 2011; Van
Driel et al., 2014). While studies that look at the nature of relationships between components are
somewhat common, they are often limited in the number of relationships they examine (Chan &
Hume, 2019). Studies among preservice teachers that examine all five components proposed by
Magnusson et al. (1999) and their interactions are rare (Chan & Hume, 2019). No study could be
found which examined the interaction and development of all consensus PCK components within
the naturalistic context of an undergraduate teacher preparation program.
Development of Preservice Teachers’ PCK
The development of PCK is a constructivist and non-linear process (Abell, 2008;
Friedrichsen et al., 2009; Van Driel et al., 1998, 2002). Because PCK is built upon prior
knowledge (and beliefs) from different bases of professional knowledge and through experiences
from practice, it is unlikely that PSTs have developed much PCK before they enter a teacher
preparation program (Abell, 2008; Clarke & Hollingsworth, 2002; Grossman, 1990; Henze &
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Van Driel, 2015). Grossman (1990) identified four major sources of PCK development: (a)
disciplinary education (e.g., science content coursework), which directly constitutes the basis for
SMK and, indirectly, constitutes the basis for knowledge of representations for teaching, such as
analogies and examples; (b) classroom observations, which may promote PSTs’ knowledge of
students’ understanding as they observe students’ misconceptions and learning difficulties; (c)
classroom teaching experiences, which may promote PSTs’ knowledge of topic-specific
instructional strategies, such as demonstrations and investigations; and (d) professional
development programs (e.g., workshops, educational coursework, professional conferences, etc.)
which have the potential to affect PCK, such as by extending preservice teachers’ knowledge of
instructional strategies and representations, or their knowledge of students’ understanding.
Kleickmann et al. (2013) further classify the sources of PCK development on their level
of formalization and intentional construction in formal, informal, and non-formal learning
opportunities. A teacher’s own disciplinary education can be understood as a formal learning
opportunity for SMK and as an informal learning opportunity in terms of PCK through observing
their own teachers' practices. Non-formal learning refers to learning opportunities outside of
formal educational settings, such as through mentorship from teacher educators and cooperating
teachers (Kleickmann et al., 2013). Even though the focus of teacher preparation is on formal
learning opportunities, PSTs are also able to experience a combination of formal and informal
learning through classroom observations, early teaching experiences, and teacher performance
assessments (Kleickmann et al., 2013). All of these learning opportunities support the
development of preservice teachers' PCK; however, because there have been few longitudinal
studies of the ways PCK develops in preservice teachers, the relative importance of each of these
learning opportunities is not yet clear (Abell, 2007; De Jong et al., 2005; Van Driel et al., 2014).

51
Thus, it is necessary to investigate how the structure of professional knowledge differs at various
points in teacher education as well as which learning opportunities contribute to the development
of each component of PCK (Abell, 2008; Schnieder, 2015; Schnieder & Plasman, 2011). No
study could be found which examines the potential influence of teacher performance
assessments, such as the edTPA, on the development of PCK in preservice science teachers.
Impact of Teacher Education on PCK Development
In reviewing the literature on PCK development in the context of science teacher
education, three themes emerged. First, from the perspective of facilitating the development of
PCK, it is interesting to examine how various teacher preparation programs organize the
sequence of coursework for the learning of science content and for learning to teach science.
Some programs organize the learning of science content and learning to teach science
concurrently, whereas in other programs, particularly post-baccalaureate programs, graduate
initial licensure programs, and alternative licensure programs, subject matter courses are
completed before entering the teacher education program (e.g., bachelor’s degree in a science
content area). Regardless of the timing of the courses, the two types of courses are, usually,
totally separated which leaves the construction of the PCK assigned to the self-learning and selfforming of preservice teachers (Sperandeo-Mineo, Fazio, & Tarantino, 2006). There is general
consensus among PCK scholars that knowledge of relevant instructional strategies and
representation is highly topic-specific and therefore best taught through science education
methods courses and classroom-based teacher education (Abell et al., 2013; Aydin & Boz, 2013;
Bailie, 2017; De Jong et al., 2005; Kaya, 2009: Kind, 2009; Magnusson et al., 1999; Nilsson,
2008). Aydin and Boz (2013) asserted that science methods courses that integrate subject matter
knowledge, PCK, and provide teaching experiences at schools are important because PSTs will
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have the opportunity to learn about and implement different instructional strategies. While these
science methods courses are sometimes organized at the level of the disciplines (e.g., biology,
chemistry, physics), often these courses are at the level of general science. The latter could make
it difficult for preservice teachers to develop topic-specific PCK when compared to a disciplinespecific format (Kellner et al., 2011; Sickel & Friedrichsen, 2017). In a related vein, a study of
which examined the curriculum materials of science methods courses (Bailie, 2017), observed a
misalignment between the teacher educators' intended outcomes and the contents of the actual
course in terms of fostering PSTs’ PCK development. Instead, the analysis revealed the
assignments and assessments within the course primarily focused on general pedagogical
knowledge rather than PCK (Bailie, 2017).
Second, PCK develops as a result of multiple experiences within teacher education
programs, however teaching experiences tend to be the most valuable (Brown et al., 2013;
Friedrichsen et al., 2009; Lee et al., 2007; Luft et al., 2011; Mulholland & Wallace, 2008; Veal et
al., 1999). Van Driel et al. (2002) examined the PCK development of 12 PSTs related to the use
of topic-specific representations in chemistry. They reported PSTs’ PCK developed primarily
through teaching experiences in the field placement of the teacher education program.
Specifically, the teaching experiences which contributed to PCK development included:
students’ questions while teaching the lesson, students’ responses on assignments and
assessments, and through observing lessons taught by a mentor or peer. A university-based
workshop also contributed to the preservice teachers’ PCK development, but less so than actual
teaching experience. In a study on teaching assistants’ PCK development (Seung et al., 2012), it
was reported that participants believed that most of their knowledge for teaching, in particular
knowledge of instructional strategies and knowledge of students’ understanding, developed
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primarily through their teaching practice. Lee et al. (2007) studied a group of 24 beginning
science teachers assigned to different types of mentoring groups. At the end of the first year of
the study, they reported significant changes in participants’ knowledge of student learning as a
result of gaining teaching experience. In summary, PSTs, teacher educators, and researchers
alike widely consider field teaching experience as the most important part of any teacher
preparation program (Russell & Martin, 2014).
Third, is the decisive role reflection plays in PCK development. Although teaching
experience is commonly attributed as being the primary source of PCK development within a
teacher education program, it must be accompanied by reflection (Abell, 2008; De Jong et al.,
2004, 2005; Friedrichsen et al., 2009; Nilsson, 2006; Park & Oliver, 2008a). The role of
reflection was emphasized by Zembal-Saul et al. (2002), who studied preservice elementary
science teachers’ use of representations. They concluded that teachers’ knowledge did expand
through teaching experience, but teaching alone was not enough. ‘‘It needs to be coupled with
thoughtful reflection on action’’ (Zembal-Saul et al., 2002, p. 460). Because reflective practices
are a hallmark of teacher education, including student teaching and teacher performance
assessments, it has tremendous potential to facilitate PSTs’ development of PCK (Aydin,
Demirdöğen, et al., 2013; Beyer & Davis, 2011; De Jong et al., 2005, Dietz & Davis, 2009;
Friedrichsen et al., 2009; Kellner et al., 2011; Park & Oliver, 2008b; Sickel & Friedrichsen,
2017; Van Driel et al., 2002). In particular, Justi and Van Driel (2006), found that reflective
activities such as writing and sharing out experiences with their peers about their teaching
practices stimulated the development of PCK among preservice teachers. While originally
developed as an instrument to capture and portray the complexity of in-service teachers PCK,
Content Representations (CoRes) and Pedagogical and Professional-experience Repertoires
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(PaP-eRs) (Loughran et al., 2004, 2006) have been implemented as a reflective thinking strategy
to improve teaching and PCK development among preservice teachers (Betram, 2014; Bertam &
Loughran, 2012; Hume & Berry, 2011, 2013; Loughran et al., 2008, 2012). Hume & Berry
(2011) found that although student teachers initially found the task of developing a CoRe
challenging, due in part to their lack of classroom experience, with appropriate scaffolding, the
process of CoRe construction did have the potential to foster PCK development among PSTs.
Characteristics of PCK in Pre-Service Teachers
Researchers who have studied how PCK develops over time have found that its
constituent components do not develop evenly (Aydin, Demirdöğen, et al., 2013) and that
development in one component of PCK is often in connection with development in another
(Friedrichsen et al., 2009). Regarding the interaction of PCK components, research reveals that
preservice teachers often have fragmented PCK; however, that PCK evolves to be more
integrated, particularly as they gain more teaching experience in actual classrooms (Aydin et al.,
2015). While PCK development is thought to be idiosyncratic to some degree (Nilsson &
Loughran, 2012), there is a growing body of research suggesting there are some patterns in PCK
development (Schnieder & Plasman, 2011). In a review of over twenty-five years of PCK
research, Schnieder and Plasman (2011) suggest several patterns in PCK development using a
learning progression framework. In general, PSTs’ teacher knowledge begins with more
generalized pedagogical knowledge and isolated components of PCK and moves toward a PCK
that integrates an increased number of knowledge bases and which is more transformative over
time (Brown et al., 2013; Friedrichsen et al., 2009; Schnieder & Plasman, 2011; Sickel &
Friedrichsen, 2017; Wang & Volkmann, 2007). Research also suggests that this development of
more sophisticated knowledge about teaching is strongly associated with PSTs’ subject matter
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knowledge (Daehler et al., 2015). This line of research not only presents a more dynamic view of
PCK but could be particularly useful in science teacher education where well-described PCK
learning progressions or stages could assist teacher educators in diagnosing earlier whether PSTs
are on a productive path and adjust instruction appropriately (Abell, 2008; Friedrichsen & Berry,
2015; Kind, 2015; Henze & Van Driel, 2015; Schnieder & Plasman, 2011; Schnieder, 2015).
The subsequent sections of this review seek to unpack what is already known about
preservice teachers’ PCK. First, the relationship between SMK and PCK among preservice
teachers is discussed. Next, the characteristics of each PCK component of the Pentagon model
and, wherever possible, their relationship with other PCK components is described.
Subject Matter Knowledge
While little is known about how teachers develop PCK, there is general agreement that
both subject matter knowledge (SMK) and experience teaching are both necessary ingredients
(Carlson et al., 2019; Gess-Newsome, 2015; Magnusson et al., 1999; Van Driel et al., 2002). As
PCK refers to the ability of a teacher to transform SMK to make it accessible to learners,
adequate SMK is typically perceived as a prerequisite for the development of PCK (Boz & Boz,
2008; De Jong & Van Driel, 2004; Kaya, 2009; Van Driel et al., 1998). Using a survey to assess
the SMK and semi-structured interviews to determine the PCK of 75 preservice teachers for
teaching about ozone depletion, Kaya (2009) found significant correlations between SMK and
four components of PCK (OTS was not examined). A recent special issue of The International
Journal of Science Education entitled “Probing the Amalgam: Connections Between Science
Teachers’ Content, Pedagogical, and Pedagogical Content Knowledge” featured several studies
that investigated the relationship between SMK and PCK among preservice science teachers (see
Kind & Chan, 2019). These studies, as well as other research with preservice teachers,
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consistently suggests SMK and PCK are separable but correlated constructs (Großschedl et al.,
2014, 2015, 2019; Kind, 2017; Liepertz & Borowski, 2018; Pitjeng-Mosabala & Rollnick, 2018;
Riese & Reinhold, 2012; Sorge et al., 2017, 2019). Further, some evidence exists that the
structure of the relationship between SMK and PCK might vary between science subject areas
(Großschedl et al., 2015; Jüttner et al. 2013; Rozenszajn & Yarden, 2014; Sorge et al., 2019) and
that it might evolve as a preservice teacher enters the profession and develops greater
professional knowledge for teaching (Chan & Hume, 2019; Kind & Chan, 2019; Krauss et al.,
2008; Sorge et al., 2017).
Beyond the notion that a relationship exists, it is critical to understand how a lack of
SMK could impede a teacher’s PCK development. Numerous studies have found that preservice
teachers often lack a deep conceptual understanding of the content they are supposed to
teach and that their SMK is ‘fragmented, compartmentalized, and poorly organized, making it
difficult to access this knowledge efficiently when teaching’ (Gess-Newsome, 1999, p. 63).
Halim and Meerah (2002) found that a majority of the 12 preservice physics teachers they
worked with held misconceptions similar to school students and even introduced additional
misunderstandings in their teaching due to a lack of SMK. They concluded preservice teachers’
who lack robust SMK are less likely to anticipate students’ difficulties with the topic and thus are
impeded in their ability to make content accessible to their students. Further, Rollnick et al.
(2008) and Hashweh (1987) suggest teachers with inadequate SMK were less able to choose
appropriate instructional strategies and representations or engage in constructivist teaching
practices. Van Driel et al. (2002), De Jong and Van Driel (2004), Sperandeo-Mineo et al. (2006),
and Luft et al. (2011) all reached similar conclusions; the possession of good SMK is a
prerequisite for developing effective PCK.
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However, while several studies have found that possessing good SMK is important, it is
not an automatic precursor for good PCK (Lee et al., 2007). Lee and Luft (2008) found that
preservice science teachers entering an alternative licensure program, all of whom were wellqualified scientists, demonstrated only limited PCK. Davis (2004) describes a preservice
elementary teacher’s efforts to teach light. Although the preservice teacher understood the
science content, her instruction was often flawed. Nilsson (2008) proposes that the SMK
preservice teachers bring from their formal education is very different from the kind of
conceptual understanding that they will need to develop conceptual understanding in their future
students. Kind and Taber (2005) make a distinction between ‘science’ as an academic subject
and ‘school science’ stating the SMK about chemical bonding learned during a chemistry degree
and that required for teaching a school-based chemistry course are clearly different. Kind (2009)
suggests part of the process involved in becoming a teacher is a re-shaping of SMK, adapting
prior personal subject knowledge into a modified version for school use; Deng (2007) refers to
this modified knowledge as ‘school-SMK’.
In a study with prospective elementary and biology teachers, Käpylä et al. (2009) found
that the elementary student-teachers could not anticipate any conceptual difficulties students
might face when learning about photosynthesis and plant growth. In contrast, the biology
student-teachers, who had greater SMK by way of their required coursework, were more capable
of anticipating students' possible misconceptions. The biology student-teachers were also able to
point out the most important content, evidence of knowledge of science curriculum, more often
than primary student-teachers. However, they also found improved SMK had no significant
effect on student-teachers’ knowledge of experiments and demonstrations suitable for teaching;
both the content experts and content novices had no knowledge of these instructional strategies
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and representations. This suggests that, at least impart PCK, must be explicitly taught (Käpylä et
al., 2009). Davis and Petish (2005) suggest that while experienced teachers transform SMK into
PCK, preservice teachers have not yet had classroom experiences that would facilitate this type
of transformation. They go on to suggest that preservice teachers likely develop portions of their
SMK and PCK simultaneously.
Orientations to Teaching Science
Many science education PCK scholars have contended that a teacher’s orientations to
teaching science (OTS) are a key component of PCK guiding and influencing the teacher’s
decisions regarding the other four components of PCK (Aydin & Boz, 2013; Friedrichsen et al.,
2011; Kind, 2009; Magnusson et al., 1999; Park & Oliver, 2008a; Park & Chen, 2012; Seung et
al., 2012; Sickel & Friedrichsen, 2017). Thus, understanding how preservice teachers’
orientations and beliefs toward teaching science develop and change over time could provide a
window into understanding PCK development overall. With OTS likely playing such a decisive
role in the development of teachers’ PCK, it is perhaps not surprising several studies have
attempted to elicit and shape preservice science teachers’ orientations and beliefs (Brown et al.,
2013; Kind, 2016; Koballa et al., 2008; Sickel & Friedrichsen, 2017; Schwarz & Gwekwerere,
2007).
Evidence from previous research suggests preservice science teachers’ initial knowledge
and beliefs about how to teach and how students learn are implicitly acquired during their own
schooling and experiences in science content courses (Brown et al., 2013). Generally, preservice
teachers believe that most students will learn in the same ways that they themselves learned
science when they were students, which was often through listening rather than doing science
(Kang, 2008). Consequently, the majority of preservice science teachers initially hold a didactic
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or activity driven OTS viewing teaching as showing, telling, describing, or explaining subjectmatter knowledge most frequently through lecture and verification laboratories (Brown et al.,
2013; Friedrichsen et al., 2013; Geddis et al., 1993; Kind, 2016; 2017; Schwarz & Gwekwerere,
2007).
In light of mounting evidence of the importance of student-centered science instruction
and inquiry-centered reform efforts such as the Next Generation Science Standards (NGSS Lead
States, 2013), many PCK scholars suggest, at least implicitly, a hierarchy of orientations,
regarding didactic and activity driven negatively and “reform-oriented” orientations such as
conceptual change, inquiry, and guided inquiry as positive (Kind, 2016). In a case study with
three beginning alternative licensure science teachers, Sickel and Friedrichsen (2017) found that
the two teachers who held more constructivist beliefs developed greater PCK than the candidate
with a didactic OTS. Teacher education programs must confront and challenge preservice
teachers’ science teaching orientations by creating dissatisfaction with “telling” and promoting
active science teaching styles. However, numerous studies have concluded that moving
preservice teachers’ orientations from initial teacher-centered to more student-centered positions
are challenging and inconsistent (Brown et al., 2013; Kang, 2008; Kellner et al., 2011; Kind,
2016; Schwarz & Gwekwerere, 2007).
Schwarz & Gwekwerere (2007), in their case study of 24 preservice elementary science
teachers, observed an initial dominance of activity-driven and didactic teaching orientations.
After participating in a one-semester long intervention to prompt change toward guided inquiry,
16 categorized themselves as holding the desired inquiry-centered orientation, while the
remaining eight still held teacher-centered orientations. Schwarz & Gwekwerere (2007) also
reported that although preservice teachers’ may espouse to hold a particular OTS, their enacted

60
teaching practices do not necessarily reflect this change in beliefs. Kang (2008) also found
preservice science teachers’ initial OTS persisted despite instruction. Kang found three patterns:
11 of 23 student-teachers retained their initial OTS and enacted these in teaching; seven
developed and enacted instruction different from their initial OTS; the remainder showed
evidence adopting beliefs different from their initial OTS but did go on to enact their beliefs in
their instruction. In summary, inconsistencies between beliefs (OTS) and actions are frequent in
preservice science teachers, and PSTs vary in their tendency to change these as they progress
through teacher education (Kind, 2016).
Better understanding which experiences in teacher education influence preservice science
teachers to adopt and enact more reform-oriented orientations would have positive implications
for science teacher educators. While numerous studies have examined preservice science
teachers’ OTS, researchers have used the concept in unclear and different ways (Friedrichsen et
al., 2011), leading Abell (2007) to conclude science teaching orientations are a “messy
construct” (p. 1126). Many studies have examined OTS in isolation rather than seeking to
understand its relationship with the other components of PCK; an approach that stands in
contrast with all contemporary models of PCK (e.g., Carlson et al., 2019: Gess-Newsome, 2015;
Magnusson et al., 1999; Park & Oliver, 2008a) (Van Driel et al., 2014). Further, while
Magnesson et al. (1999) outlined nine possible orientations and suggested a teacher could hold
multiple orientations at once, most studies on preservice science teachers’ OTS reduce this
number of orientations into broader categories and label teachers as holding only OTS at a time
(Van Driel et al., 2014). In agreement with Friedrichsen’s et al. (2011) recommendation, this
study hopes to examine science teaching orientations and their relation to other knowledge
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components, in particular, focusing on how science teaching orientations impact science
teachers’ development of PCK.
Knowledge of Science Curriculum
Knowledge of science curriculum (KSC) affects teachers’ instructional decisions and is
an essential component of teachers’ pedagogical reasoning around lesson planning (Grossman,
1990; Magnusson et al., 1999). Despite numerous curriculum reform efforts (e.g., AAAS
Benchmarks, NGSS, Common Core), this area of research has received little attention from
science education researchers (Abell, 2007; Chan & Hume, 2019; Van Driel et al., 2014) or
teacher education research in general (Davis et al., 2006). This lack of attention is potentially
problematic as effective science teachers need to be able to differentiate between major concepts
and trivial facts as they make decisions regarding how much time they will spend teaching
particular topics. When teachers lack knowledge and discrimination in this area, they either
spend too much time on trivial topics or too little time on important concepts (Geddis et al.,
1993). In addition to being able to discriminate the scope of science content worth knowing or
teaching, teachers must be able to sequence or organize the science content for learning in a
meaningful way. This includes considering both the sequence of content taught within their
subject and grade level but also their vertical curriculum (Grossman, 1990). Once a teacher has
determined the scope and sequence of science content to be taught, they must have an
understanding of curricular resources available to guide the planning and teaching of science
content. Studies which have examined teachers’ knowledge of science curriculum suggest
preservice science teachers’ initial understanding of science curriculum is often limited to the
scope and sequence of concepts they can recall from their own K-16 science learning
experiences (Friedrichsen et al., 2009).
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Friedrichsen (2009) and colleagues’ case study compared the PCK of four students
enrolled in an alternative certification program. Two of the participants had no previous teaching
experience before participating in a traditional student-teaching internship while the other two
participants each had two years of previous teaching experience and who were currently working
as full-time high school biology teachers on emergency teaching licenses. Friedrichsen et al.
(2009) observed both groups, teachers and interns, lacked knowledge of specific curriculum and
curricular goals for teaching genetics to middle school students. While some of the participants
were able to suggest a sequence of topics, they were only able to do so on a general level. For
example, one of the interns suggested students needed to understand genetics before they could
understand evolution. Friedrichsen et al. (2009) recognized differences between the two groups
regarding their understanding and views of science curriculum. The interns equated the textbook
with curriculum and never referred to national, state, or school district curriculum guidelines in
their planned lessons. While the teachers relied heavily on textbooks in their high school
teaching, they were aware of state and district curriculum guidelines. One of the teachers, which
had participated in revising her school’s curriculum guide, had a more sophisticated
understanding of curriculum. Instead of viewing curriculum as something developed externally
and given to teachers, she viewed curriculum as a product of teachers that was aligned with the
state standards (Friedrichsen et al., 2009).
Regarding KSC’s integration with other components of PCK, previous studies have
yielded inconsistent and often conflicting findings. Seung et al. (2012) and Sickel and
Friedrichsen (2017) observed that although preservice teachers’ knowledge of curriculum was
often primitive, it was the dominant component of preservice teachers’ PCK and the most
frequently enacted in their teaching practice. Sickel and Friedrichsen (2017) examined three
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beginning teachers’ PCK development for teaching the same topic (natural selection) over two
years. During the first year, the majority of PCK connections included KSC and knowledge of
instructional strategies (KISR). Specifically, the participants stated a particular learning goal
(KSC) and then described a teaching strategy to address that goal (KISR). During the second
year, the participants developed more diversified connections between KSC and other PCK
components. In particular, while participants continued to integrate KSC and KISR, there was a
greater inclusion of knowledge of student understanding (KSU) and knowledge of assessment
(KAs) (Sickel & Friedrichsen, 2017). In contrast, Hanuscin and Hian (2010) and Beyer and
Davis (2011) found that knowledge of science curriculum was among the least developed and
integrated components of PCK for preservice teachers. It is important to note that studies of
preservice teachers’ PCK development are often conducted within the context of a curriculum
intervention or reform (i.e., Beyer & Davis, 2011; Seung et al., 2012) (Van Driel et al., 2014).
Further research is needed to understand the integration and development of preservice science
teachers’ knowledge of science curriculum throughout teacher education, including student
teaching, outside the context of a curriculum intervention or reform.
Knowledge of Students’ Understanding of Science
It has been widely accepted that possessing a deep understanding of students’
conceptions and difficulties concerning a science topic (i.e., knowledge of students’
understanding of science [KSU]) is a fundamental prerequisite for developing PCK and enacting
effective science instruction (Carlson et al., 2019; Gess-Newsome, 2015; Magnusson et al.,
1999; Park & Oliver, 2008a; Shulman, 1987). However, research findings consistently reveal
that preservice teachers are often unaware of students’ prior knowledge and experiences,
commonly held misconceptions, and difficulties students might encounter learning new content
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when planning for instruction (Brown et al., 2013; Friedrichsen et al., 2009; Geddis et al., 1993;
Halim & Meerah, 2002; Schneider & Plasman, 2011).
Several studies have focused on preservice teachers’ knowledge of students’ ideas about
particular science topics (Van Driel et al., 2014). In a study of eight preservice chemistry
teachers, De Jong and Van Driel (2004) reported that only three of the student teachers
anticipated student-learning difficulties, and they were only able to express these potential
difficulties in vague and short statements. The remaining five student teachers stated they did not
foresee any difficulties related to student learning before teaching the lessons. During the
subsequent post-lesson interviews, the three student teachers who had expected difficulties not
only elaborated on their previously anticipated student learning difficulties but were able to
identify additional teaching and/or student-learning difficulties. Moreover, the other half of the
student teachers also reported student-learning difficulties (De Jong & Van Driel, 2004).
Friedrichsen et al. (2009) observed that the interns, those without previous teaching experience,
did not anticipate students would have any difficulties with their planned lessons. The teachers,
drawing on their previous experiences teaching high school biology, anticipated that middle
school students might have some difficulty learning their planned material; however, the teachers
were only identified general learning difficulties, such as abstractness and terminology, rather
than topic-specific learning difficulties (Friedrichsen et al., 2009). Several studies of preservice
science teachers’ KSU have drawn similar conclusions, while preservice science teachers predict
few learning difficulties when initially designing science lessons, their KSU develops as they
gain teaching experience (Brown et al., 2013; De Jong et al., 2004; 2005; Friedrichsen et al.,
2009; Lee et al., 2007; Pitjeng-Mosabala & Rollnick, 2018; Van Driel et al., 1998; 2002)
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In addition to being able to anticipate students’ learning difficulties and misconceptions,
KSU also includes a teachers’ understanding of their students’ prior knowledge and experiences
relating to science concepts. Several studies have found that teachers, both in-service and
preservice, are often unaware of students’ prior knowledge and ideas relating to science
(Schneider & Plasman, 2011). Zhou et al. (2016) investigated 143 Chinese preservice physics
teachers’ ability to correctly predict junior high (8th grade) and high school (10th grade)
students’(a) problem-solving ability, (b) common misconceptions, and (c) learning difficulties
relating to Newton’s Third Law. They found preservice science teachers tended to slightly overpredict 8th-grade student problem-solving ability while more commonly under-predicting 10thgrade students’ performance. Likewise, 8th-grade students’ misconceptions and learning
difficulties were consistently under-predicted and seldom over-predicted; in contrast, almost half
of the PSTs’ predictions of 10th-grade students’ misconceptions and learning difficulties were
both over and under-predicted. Zhou et at. (2016) concludes that preservice teachers’ over and
under-evaluations of student ability impedes their selection of appropriate teaching strategies.
As discussed earlier, several scholars have suggested that preservice teachers’ inability to
anticipate students’ difficulties and misconceptions related to a topic is often the result of a lack
of SMK on the topic they are supposed to teach (Kaya, 2009; Van Driel et al., 1998). However,
scholars have also posited this absence of awareness of students’ understanding before teaching
could also be explained by a hindering effect of the teachers’ own subject matter expertise (De
Jong et al., 2004, 2005; Halman-Thrasher et al., 2019). De Jong and colleagues (2004, 2005)
suggested that after years of instruction and learning in their subject area, preservice teachers had
largely forgotten the learning difficulties they encountered as secondary and university students
and were no longer aware of possible difficulties in understanding something that was now very
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clear to themselves. Further, preservice teachers may also be oblivious to the range of
misconceptions and learning difficulties around a concept because, as individuals, it is unlikely
they ever held all the alternative conceptions which might be found among a group of students
(Kellner et al., 2011). To be conscious of novices’ conceptions is not something that comes
easily to experts.
Knowledge of students’ understanding has been proposed as a ‘bridging’ component
between PK and SMK, which aids teachers in selecting appropriate instructional strategies for
conveying SMK to a particular group of students (Kind & Chan, 2019). Sadler et al. (2013)
found that teachers who were able to identify student misconceptions in items of a physics
assessment had larger classroom gains than teachers who only knew the correct answer. A study
by Kulgemeyer and Riese (2018) reached a similar conclusion. Studies have shown that one of
the first components of PCK preservice teachers develop is an awareness of what students find
difficult [KSU] (Pitjeng-Mosabala & Rollnick, 2018; Toerien, 2017). However, while preservice
teachers’ KSU may develop relatively quickly, the literature indicates that preservice teachers
often do not or rather do not know how to use this knowledge to inform their teaching practices
(Brown et al., 2013; Kind, 2017).
Knowledge of Instructional Strategies and Representations
Much of the existing research on preservice science teachers’ PCK and PCK
development has focused on Shulman’s two originally proposed PCK components -- KSU and
knowledge of instructional strategies and representations (KISR). Being able to represent and
illustrate scientific concepts so children can understand them is a critical aspect of science
teaching. Similar to KSU, research in this area has consistently suggested that KISR is developed
through the reflection on and discussing teaching experience (Betkas, 2015; De Jong et al., 2005;
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Van Driel et al., 2014). The literature suggests that science teachers with greater teaching
experience can often discuss a greater number of science demonstrations and provide more detail
about the demonstrations than preservice and beginning teachers (Clermont, Borko, & Krajcik,
1994; Friedrichsen et al., 2009; Yerrick et al., 2003).
However, high-quality PCK is not characterized by simply knowing as many strategies as
possible to teach a certain topic but instead knowing when to apply a particular strategy in
recognition of students’ specific learning needs and understanding why that teaching approach
may be useful in one context (i.e., a specific class of students at a certain moment) but may not
work the next day with a different group of students (Carlson et al., 2019; Gess-Newsome,
2015). At the heart of PCK is the integration of KSU and KISR: The better a teacher understands
their students’ learning difficulties concerning a certain topic and the more instructional
strategies and representations they have at their disposal, the more effectively they will be able to
teach that topic (Van Driel et al., 2014). Brown et al. (2013) suggest that as preservice teachers
become more aware of student learning difficulties, they also develop a more elaborated
knowledge of the instructional strategies and representations.
While research has found KISR and KSU are often the two most developed components
of PCK among preservice teachers (Aydin, Demirdöğen, et al. 2013; Demirdöğen et al., 2016;
Demirdöğen & Uzuntiryaki-Kondakci, 2016; Hanuscin & Hian, 2010; Norville, 2019), it has
simultaneously revealed that preservice teachers often struggle to select appropriate teaching
strategies given their students’ learning needs (Bektas, 2015; Brown et al., 2013; Friedrichsen et
al., 2009; Kind, 2017). Kind (2017) presented 239 preservice science teachers with vignettes that
described classroom teaching situations about one topic each in chemistry, biology, and physics
taught to 12–13-year-old students. The vignettes presented the PSTs with commonly observed
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student misconceptions or incorrect ideas, identified the correct answer, and asked PSTs, ‘What
would you do as the classroom teacher to help students learn the correct answer?’ (Kind, 2017 p.
920). While the majority of the instructional strategies proposed by the PSTs were relevant and
likely found interesting by students, such as a stimulating classroom activity or laboratory
experience, they would only partially address students’ misconceptions (Kind, 2017). In a similar
study of Turkish preservice science teachers, many of the PSTs (30 out of 33) were able to
identify a common misconception for a selected topic and propose an instructional strategy to
address it. However, none of the PSTs were able to provide a detailed rationale of how their
strategy addressed the misconception (Betkas, 2015).
In addition to being frequently integrated with KSU, preservice teachers’ KISR is also
strongly linked to their SMK. Davis et al. (2006), in their review of the literature on beginning
science teachers, concluded that knowledge and beliefs about instructional strategies are related
to subject matter knowledge: ‘‘stronger science knowledge typically co-occurs with more
sophisticated ideas or practices with regard to instruction’’ (p. 623). Developing, or even
recognizing, scientifically and pedagogically appropriate instructional strategies requires both
sufficient KISR and SMK (Bektas, 2015; Davis & Petish, 2005). Teachers with better subject
matter knowledge are better able to develop and implement instructional representations such as
analogies, metaphors, anecdotes, and comparisons (Hashweh, 1987; Davis & Petish, 2005; Kind,
2017; Yerrick et al., 2003). Without support, preservice teachers often lack the SMK or KISR (or
both) to identify effective, scientifically-accurate instructional representations or to develop their
own (Davis et al., 2006). Preservice teachers who lack sufficient SMK for teaching frequently
select instructional representations that are inaccurate and may inadvertently reinforce or
introduce additional misconceptions (Betkas, 2015; Brown et al., 2013; Davis & Petish, 2005;
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Halim & Meerah, 2002). While KISR has often been examined in relation to SMK and KSU,
further research is needed to examine the role of teachers’ KISR in shaping PCK in entirety,
including interactions with other constituent components.
Knowledge of Assessment
In general, there has been little research regarding science teachers’ knowledge of
assessment (KAs) (Abell, 2007). Magnusson et al. (1999) proposed that science teachers’
knowledge and practice in assessment methods was the most urgent need to be addressed
concerning the components of teachers’ PCK. While some science teacher educators may
assume that KAs will spontaneously and simultaneously develop in PSTs without specifically
focusing on it during training, the literature does not support that assumption (Friedrichsen et al.,
2009; Sickel & Friedrichsen, 2017). A review of the literature revealed that KAs is the least
developed component for PSTs, and likely for experienced teachers as well (Abel, 2007; Aydin
et al. 2015; Friedrichsen et al., 2009; Henze et al., 2008; Kaya, 2009; Van Driel et al., 2014).
Kaya (2009) reported only four of the 75 PSTs in their study had an “appropriate” knowledge of
assessment to begin teaching, such as being able to describe the purposes of formative and
summative assessments as well as give examples of both informal and formal assessment
strategies (p. 980). Further, while several moderate relationships between other components of
PCK were found, Kaya (2009) did not identify a significant relationship between KAs and any
other component of PCK.
Similar to how PSTs develop their initial orientations to teaching science, preservice
teachers KAs likely stems from their own experiences in science courses where the assessments
they encountered were often traditional paper and pencil measures (Kaya, 2009). As such, PSTs
frequently think of assessment as an end of unit event with the goal of assignment of grades for
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students, viewing assessment and instruction as separate entities rather than partners
(Friedrichsen et al., 2009; Kaya, 2009). PSTs tend to not think extensively about assessment
during their planning and are often not comfortable overlapping instruction and assessment. For
example, in Friedrichsen et al. (2009), both preservice and new teachers did not typically include
assessments in their plans. However, when prompted, the new teachers explained their plan to
use informal questions to find out what students know throughout a unit while preservice
teachers planned to grade student worksheets. Although the two groups of novice teachers
differed in the type (informal questioning vs. grading worksheets) and timing (on-going vs. end
of the lesson) of assessments, both groups used assessments for the same purpose; to determine if
they needed to repeat parts of their lecture. Both groups demonstrated a limited understanding of
the purposes of assessment (i.e., informing their instruction) and did not view assessment as a
way to help students monitor and assess their own learning (Friedrichsen et al., 2009).
In a two-year study of three beginning biology teachers, Sickel and Friedrichsen (2017)
describe how their participants’ knowledge of assessment increased over time as a result of
completing an alternative licensure program. In the alternative licensure program, the teachers
practiced designing diagnostic assessments in the first course, formative assessments in the
second course, and summative assessments in the third course. By the end of the teacher
preparation program, all three participants' KAs increased as evidenced by their increased ability
to articulate multiple assessment strategies, including topic-specific assessment strategies, and
the more frequent integration of KAs with other components of PCK (Sickel & Friedrichsen,
2017). These findings suggest that with targeted support, preservice teachers’ KAs can develop
and be integrated into their professional knowledge for teaching and, more importantly, into their
instructional practices (Sickel & Friedrichsen, 2017).
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Teacher Performance Assessments
While it is widely accepted that teacher quality is one of the most influential factors in
predicting positive student outcomes such as academic success (Harris & Sass, 2011; Hattie,
2012), identifying the key attributes and indicators of a quality teacher has proven “nearly
impossible” (Berliner, 2005, p. 212; Darling-Hammond, 2000; Goldhaber & Anthony, 2007). As
discussed earlier in this chapter, conventional proxy measures of teacher quality (e.g., GPA,
standardized test scores, college degrees, and coursework) have shown little evidence of a direct
or significant impact on student achievement (Berry et al., 2010; Cohen et al., 2003; DarlingHammond, 2000; Darling-Hammond & Sykes, 2003; Goe, 2007; Goldhaber, 2002; Hanushek,
2011; Heck, 2007; Sanders & Rivers, 1996; Wenglinsky, 2000). Regardless, beginning with the
landmark report A Nation at Risk (National Commission on Excellence in Education, 1983) and
continuing today, teacher accountability and evaluation have been the focus of many education
policy debates in the United States (Cochran-Smith et al., 2013). Regarding this matter, Berliner
(2005) cautioned, “many teachers are being forced to take tests that do not assess the constructs
on which they claim to be based...Public education is not well served by bad tests of teacher
quality” (p. 212). In response to calls for better measures of teacher quality, various in-service
and preservice teacher performance assessments, such as the National Board Certification
portfolio, Praxis Performance Assessment for Teachers (PPAT), and the Educative Teacher
Performance Assessment (edTPA), have been developed (Sato, 2014).
In the past decade, teacher performance assessments (TPAs) have gained popularity as
both formative and summative assessment instruments in teacher education and as a requirement
for initial teaching licensure (Caughlan & Jiang, 2014; Goe, Bell, & Little, 2008; Reagan,
Schram, McCurdy, Chang, & Evans, 2016). Growing evidence indicates that TPAs are a better
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measure of teacher quality than previous standardized multiple-choice assessments (Baker et al.,
2010; Mitchell et al., 2001). In many states, previous standardized “input measures” are currently
being replaced or supplemented by “output measures” of teacher quality, such as performance
assessments (Caughlan & Jiang, 2014). TPAs require preservice teachers to address both content
and pedagogy simultaneously in the context of an actual classroom. TPAs typically have
candidates plan a lesson for a specific group of students, enact that instruction, grade student
work samples and provide feedback, analyze and reflect on the effectiveness of their teaching,
and so on (Wilson & Wineburg, 1993) Hence, they are regarded as more authentic assessments
that encompass the complexities of teaching and learning (Danielson, 2007; Darling-Hammond,
2006; Goe et al., 2008; Youngs et al., 2003).
Additionally, TPAs are considered valuable professional learning experiences (DarlingHammond & Snyder, 2000). Researchers suggest that, when appropriately designed,
performance assessments can effectively help teachers improve their teaching and have been
found to be related to later teacher effectiveness (Bastian, & Lys, 2016; Darling-Hammond,
2010; Darling-Hammond et al., 2013; Lustick & Sykes, 2006; Wei & Pecheone, 2010; Wilson &
Wineburg, 1993). As early as 2001, The National Board for Professional Teaching Standards
(NBPTS) surveyed participants and found that “they considered the National Board Certification
(NBC) processes an excellent professional development experience” (p. 3). Sixty-one percent
said that the act of going through the process had a greater impact on them than actually
achieving the certification itself (NBPTS, 2001).
The edTPA
Working with the American Association of Colleges for Teacher Education (AACTE)
and using the previously established Performance Assessment for California Teachers (PACT)
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and National Board Certification portfolio as models, the Stanford Center for Assessment,
Learning, and Equity (SCALE) developed a new TPA for national use, the edTPA (DarlingHammond, 2012). In only a few years, the edTPA has reached near nationwide implementation,
with many states adopting it for consequential use with initial teacher licensing (SCALE, 2020).
As demand for the edTPA grew, SCALE recruited Pearson, a for-profit testing company, as an
operational partner to manage the administration and scoring of the exam (Darling-Hammond,
2012). Teacher candidates complete the edTPA during their student teaching internship by
developing a portfolio consisting of daily lesson plans, key instructional materials and
assessments, videos of themselves teaching, samples of student work, and extensive written
commentaries answering prompts about their teaching practice (SCALE, 2013). A complete
description of the materials which comprise an edTPA portfolio is given in Chapter 3.
While the edTPA has been praised for its potential to positively impact the teaching
profession by moving away from paper-and-pencil exams incapable of measuring the complexity
of teaching practices and moving teacher evaluation toward authentic classroom practices
(AACTE, 2014; American Federation of Teachers, 2012; Darling-Hammond, 2012; DarlingHammond & Hyler, 2013; Sandholtz & Shea, 2012; Sato, 2014). It has simultaneously
developed into one of the more polarizing education initiatives of the early twenty-first century
(Petchauer et al., 2018). Questions have been raised regarding the reliability and validity of the
assessment as a predictive measure of teacher quality (Choppin & Meuwissen, 2017; Gitomer et
al., 2019; Goldhaber et al., 2017; Ledwell & Oyler, 2016; Sandholtz & Shea, 2012, 2015);
impart, due to its reliance on possibly decontextualized 15-20 minute video clips evaluated by a
distant reviewer (Dover & Schultz, 2016; Choppin & Meuwissen, 2017; Price, 2016) and the
extensive amount of writing it requires (Au, 2013; Denton, 2013; Ledwell & Oyler, 2016).
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Others argue all high-stakes assessments, including the edTPA, are prone to error and misuse
(Au, 2013; Cochran-Smith et al., 2013, 2016; Gitomer et al., 2019; Hébert 2017; Parkes &
Powell, 2015). The exam has also been criticized for distracting from the student teaching
experience (Burns et al., 2015; Greenblatt, 2019; Ledwell & Oyler, 2016), the additional
requirements of education faculty to implement and support participants during the portfolio
creation process (An, 2016, 2017; Cohen et al., 2018; Donovan & Cannon, 2018; Lys et al.,
2014), and lastly, its implications for multicultural education (Carter & Lochte, 2017; Micek,
2017; National Association for Multicultural Educators [NAME], 2014; Petchauer et al., 2018;
Williams et al., 2019).
The 2013 edTPA Field Test: Summary Report (SCALE, 2013) establishes the reliability
and validity of the edTPA citing its rigorous, multi-year development process and results from
the two-year field test, which included approximately 12,000 candidates from over 430
institutions in 29 US states. SCALE supported research reports the edTPA is well aligned with
principles of effective teaching constructs and professional standards it was designed to measure
and is an important tool to assess the more sophisticated skills that are being demanded of
teachers (APA, AERA, NCME, 2014; SCALE, 2013, 2015, 2016, 2017, 2018; Whittaker,
Pecheone, & Stansbury, 2018). Former SCALE administrator Andrea Whittaker and her
colleagues (2018) claim, “the reliability and validity of edTPA has been studied more intensively
than any other licensure assessment adopted by states” (p. 6). SCALE continues to reaffirm their
confidence in the edTPA’s reliability and validity through annual edTPA administrative reports
which analyze the previous years’ candidates’ performance, score distribution, analysis of
content, candidate pass rates, and a bias and sensitivity review (SCALE, 2015, 2016, 2017,
2018).
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In addition to SCALE led studies, there is a growing body of independent research that
supports various aspects of the edTPA’s claims of reliability and validity. First, teacher
candidates’ performance on the edTPA has been found to be positively associated with other
proxy measures of teacher quality such as GPA, pedagogical content knowledge (Shulman,
1986), and assessments of teachers’ content knowledge. Evans et al. (2016) identified a
statistically significant, positive association between overall and major GPA and edTPA scores
for 43 early childhood education candidates. With a more robust sample size, Cash et al. (2019)
corroborates Evans et al. (2016) findings when they identified cumulative GPA was consistently
positively associated with edTPA performance, both for overall score and for all three tasks, for
392 undergraduate elementary education teacher candidates. However, GPA was only found to
be significantly associated with performance on Tasks 2 and 3 for the 115 graduate students
included in the study (Cash et al., 2019). Goldhaber’s et al. (2017) analysis revealed the edTPA
scores of 2,362 teacher candidates from Washington State were correlated with their
performance on the Washington Educator Skills Test–Basic (WEST-B), an assessment of basic
skills in reading, writing, and mathematics required for admission into an teacher preparation
program (r = .20 in mathematics and reading, r = .25 in writing). Reynolds & Park (in review)
examined the edTPA’s capability to assess science teacher candidates’ PCK, the specialized type
of teacher knowledge necessary for effective teaching. The findings of their study indicate there
was a significant positive association between participants’ edTPA scores and PCK levels (rs(36)
= .949, p < .0001) (Reynolds & Park, in review). However, this study was limited in that it only
examined participant’s PCK from their submitted edTPA materials. Reynolds and Park (in
review) also identified several common patterns within preservice teachers’ PCK, revealed by
their edTPA portfolios, suggesting that PSTs may share common characteristics, hallmarks, or
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stages of PCK development. Further research is needed to understand if the characteristics of
PCK identified in that study are indeed characteristic of preservice teachers and typify their PCK
development or are merely a result of the requirements of the edTPA.
edTPA as a Catalyst for Change
Many studies, even those that could be characterized as being critical of the edTPA,
acknowledge the edTPA’s benefits to teacher candidates' professional development. One of the
most prevalently cited benefits of the edTPA is the increase in reflective practices among teacher
candidates (Bacon & Blachman, 2017; Baecher et al., 2017; Barron, 2015; Behizadeh & Neely,
2018; Clayton, 2018; Davis & Armstrong, 2018; Huston; 2017; Margolis & Doring, 2013;
Micek, 2017; Paugh et al., 2018; Ressler et al., 2016). Commenting on the benefits of reflective
practice, a participant from Clayton (2018) remarked,
The edTPA really opened my eyes to how I can assess my students better, so that it
makes it better for me for when I am planning the next lessons. Doing the edTPA really
had me think about how I am planning so that all students can learn. It had me look at
myself and see what I do well and what I can improve on (p.111).
Multiple teacher educator participants from Davis & Armstrong (2018) shared how the reflective
piece of the edTPA helped candidates improve their instructional practice,
I think it makes them more reflective about their teaching overall, perhaps on a deeper
level. I do think that any reflective practice, and edTPA feels deeply reflective, should
help them improve across the board in their teaching (p. 21).
Margolis and Doring (2013) indicated that candidates’ analyses of their videotaped practices
helped them focus on learning and teaching interactions that they might not have attended to
otherwise. DeMoss (2017) stated, “edTPA’s video-based teacher candidate assessment practice
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should probably be a feature in all preparation programs, given how influential watching and
reflecting on real teaching experiences can be" (p. 37).
This type of reflective practice should enable PSTs to identify and respond to dilemmas
of practice more readily, more frequently analyze their teaching practices, and demonstrate a
willingness to take risks and explore alternative pedagogical approaches (Darling-Hammond &
Bransford, 2007; Davis et al., 2006; Park & Oliver, 2008b; Zeichner & Liston, 1996).
Additionally, the edTPA’s conceptualization of teaching science through inquiry could
potentially foster preservice teachers’ exploration and analysis of inquiry-oriented instruction.
Taken together, it seems reasonable that the edTPA portfolio creation process may influence
preservice teachers’ PCK development. To date, much of the PCK research with preservice
teachers have focused on different methods of documenting PCK and various approaches to
developing it. However, little effort has been devoted to considering the implications of PCK
development in the context of current policy initiatives that are affecting education systems
(Sickel et al., 2015). No previous study could be found that examines the potential influence of
teacher performance assessments, including the edTPA, on the development of PCK in
preservice science teachers.
Impact of Teacher Performance Assessments on PCK Development
While no previous study has examined the potential influence of teacher performance
assessments on preservice teachers PCK development, several studies have examined the
influence of the National Board Certification (NBC) on in-service teachers’ development of
professional knowledge. For example, Park and Oliver’s (2008b) study examined how the NBC,
in particular the portfolio creation process, influenced teachers’ development of PCK. The
multiple case study was conducted with three experienced high school science teachers who
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were participating in the NBC portfolio creation process. The study employed a multiple method
approach by using a variety of data sources and analysis methods. Data analysis indicated that
the NBC portfolio creation process affected five aspects of the teachers’ instructional practices:
(a) reflection on teaching practices; (b) implementation of new and/or innovative teaching
strategies; (c) inquiry-oriented instruction; (d) assessments of students’ learning; and (e)
understanding of students as individuals (Park & Oliver, 2008b).
Consistent with other scholars (Abell, 2008; De Jong et al., 2005; Loughan et al., 2004,
2006; Nilsson, 2006), Park and Oliver (2008b) identified reflection as a critical element of PCK
development and plays an important role in the integration of PCK components. Park and Oliver
(2008b) noted that the NBC portfolio writing prompts increased not only the amount of
reflection of each participant but also the content of their reflection. In particular, they noted
throughout the NBC process, the teachers were more “reflective and analytical with regard to
their practices” (Park & Oliver, 2008b p. 818). In addition to increasing reflective practices, Park
and Oliver (2008b) go on to suggest that the teachers, attempting to meet the National Board
standards, would often employ new activities and instructional or assessment strategies in
preparing their NBC portfolio. By doing so, the candidates increased their repertoire of
instructional and assessment strategies, and as a result, their PCK developed (Park & Oliver,
2008b). Park and Oliver (2008b) asserted that the NBC process encouraged their participants to
learn more about their instructional practices, become more conscious of the research and theory
that guides their teaching, and develop professional knowledge for teaching. They concluded that
the NBC process itself is an excellent professional development experience, having a positive
impact on teachers’ PCK and teaching practices (Park & Oliver, 2008b).
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Findings from Park et al. (2007) suggest that the NBC portfolio creation process not only
led to candidates reflecting on their teaching practice more often individually but that it also led
to more reflective conversations among colleagues. Several of their participants described how
they reached out to colleagues who were also going through the NBC portfolio creation process
and to those who were already National Board Certified Teachers (Park et al., 2007). Given this,
it seems reasonable to presume that, in addition to the reflective practices necessitated by the
portfolio creation process, preservice teachers completing the edTPA likely engage in more
reflective conversations about teaching with other student teachers, teacher educators, and their
cooperating teachers than they might have otherwise. As mentors and colleagues are both
commonly regarded as sources of PCK development (Hanuscin et al., 2011; Luft et al., 2011;
Van Driel et al., 2002), this seems a plausible additional potential influence of the edTPA on
PSTs’ PCK development.
A three-year longitudinal mixed-methods study by Sato et al. (2008), while not explicitly
examining the construct of PCK, offers additional empirical support that the portfolio creation
process positively influences NBC candidates’ PCK development. In addition to providing
quantitative evidence that students of National Board Certified Teachers (NBCTs) outperform
students of non-NBCTs, Sato et al. (2008) present a case study of a secondary science teacher,
Sam, who underwent the NBC portfolio creation process during the second year of the three year
study. Before the NBC process, Sam was sharply aware of the state standards for science and
often referenced them while teaching. Over the three years of the study, Sam began to use the
goals for learning outlined in the state standards to guide his instructional interactions with
students, suggesting a greater connection between knowledge of science curriculum (KSU) and
knowledge of instructional strategies. By the end of his second year, Sam had begun to focus on
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“big ideas” in his instruction and not just as the stated goal of the lesson. By the end of the third
year, Sam had eliminated many curricular activities and assessments “that don’t allow students to
show the most important understanding” (Sato et al., 2008, p. 687). These findings suggest that
Sam developed greater curricular saliency during the NBC process, which in turn influenced his
instructional decisions (Sato et al., 2008).
The most substantial influence of the NBC Sato et al. (2008) observed for both Sam, and
the other participants was an improvement in formative assessment practices while engaging in
the certification process. They also noted the participants maintained this increase in assessment
practices even after they had completed the NBC portfolio. Sato et al. (2008) suggest that the
teachers had incorporated these changes into their repertoires of instructional practice. In the first
year of the study, Sam consistently began lessons with activities designed to help him understand
what his students already knew. However, it was not evident how he then used that information
to choose appropriate activities for his students or to make decisions about how to proceed with
instruction. In other words, Sam would often go through the motions of assessing his students’
knowledge and understanding but did not actually use this information in his instructional
planning. By the end of the third year, Sato et al. (2008) observed Sam's instructional decisions
(what question to ask next, whom to call on, and what examples he chose to provide) built on
what the students were saying and demonstrating during the instructional interactions.
Chapter Summary
While it is widely accepted that teacher quality is one of the most influential factors in
predicting positive student outcomes such as academic success, identifying the key attributes and
indicators of a quality teacher has been challenging. Due to mounting evidence that PCK impacts
both teachers’ instructional practices and their students’ learning outcomes, it is widely accepted
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that teaching quality should be evaluated in terms of PCK. In the four decades since the construct
was initially proposed, there have been numerous conceptualizations of PCK and models of PCK
for science teaching. Most of the research on preservice science teachers’ PCK has focused on a
limited number of components of PCK and how those components develop in response to a
specific intervention. In general, previous research suggests that preservice teachers often have
weak and often fragmented PCK. However, throughout teacher preparation, PSTs’ PCK evolves
to be more robust and better integrated, particularly as they gain more teaching experience in
actual classrooms. To date, there are no studies that examine the interaction and development of
all consensus PCK components within the naturalistic context of an undergraduate teacher
preparation program. Further, little is known about the potential influence of teacher
performance assessments, such as the edTPA, on preservice science teachers PCK development.
Chapter Three details the research methods that were utilized to address these gaps in the
literature.
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CHAPTER THREE
METHODS
The purpose of this qualitative study was to investigate the characteristics of preservice
science teachers’ PCK development, focusing on the integration of components of PCK (e.g.,
knowledge of student understanding, knowledge of instructional strategies and representations,
etc.), during the last year of a teacher preparation program, including student teaching and the
edTPA creation process. This study also sought to explore the potential influence of the edTPA
creation process on preservice science teachers’ PCK development.
To accomplish these purposes, this study was guided by the following research questions:
1. What are the characteristics of preservice science teachers’ PCK at various points
during the final year of their teacher preparation program (the semester before
student teaching, the beginning of student teaching, edTPA submission, end of
student teaching)?
2. What influence, if any, does the edTPA portfolio creation process have on
preservice science teachers’ PCK development?
In this chapter, I outline the methodological approaches utilized to answer the research
questions of this dissertation study in detail. First, I discuss my epistemological and ontological
assumptions and positionality in relation to the study. Next, I describe and justify the
appropriateness of the embedded-case study research design. This includes discussion of the
research context, participants, data collection methodology, and data analysis methodology. And
finally, I discuss how the trustworthiness of the study was maintained.
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Epistemological and Ontological Assumptions and Positionality Statement
Epistemology is a theory of knowledge that explores the relationship between the inquirer
and the knowable, or between the researcher and the subject. Ontology refers to a theory of
existence. It is concerned with the nature of reality and that of human beings. Taken together,
epistemological and ontological assumptions create a paradigm, or overall theoretical research
framework, which, in turn, informs the methodological decisions of a research study and shapes
the interpretation of findings (Denzin & Lincoln, 2011). With this in mind, I attempt to unpack
how my epistemological and ontological beliefs, as well as my positionality, inevitably
influenced this study in various ways.
Constructivism
Of course it is happening inside your head, Harry, but why on earth should that
mean it is not real?
J.K. Rowling, Harry Potter and the Deathly Hallows
For this study, I adopted a constructivist paradigm in examining PSTs’ PCK
development. The term constructivism refers to both a theory about learning and knowledge and
what “knowing” means. Historically, constructivism originated as a learning theory in cognitive
science that explained how individuals incorporate new knowledge (Ferguson, 2007). It is based
on the analogy or basis that people form or construct their own understanding and knowledge of
the world through their experiences and reflection on those experiences. Constructivism assumes
that meaning is constructed by individuals and that knowledge is embedded in the context and is
relative rather than absolute (Denzin & Lincoln, 2005; Patton, 2002). By adopting a
constructivist tradition, I recognize that meaning is constructed by individuals based on their
experiences and the context within which they develop. Thus, individuals with different past
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experiences construct knowledge differently. Constructivism rejects the idea that there is
objective knowledge in some external reality for the researcher to retrieve mechanistically
(Given, 2008). Rather, constructivists work to describe knowledge and characterize patterns.
Patton (2002) suggested that, “Constructivists study the multiple realities constructed by people
and the implications of those constructions for their lives and interactions with others” (p. 96).
The aim of constructivism is to understand how people incorporate new knowledge into
existing knowledge and how they make sense of that knowledge (Denzin & Lincoln, 2005; Guba
& Lincoln, 1994; von Glasersfeld, 1992). Thus, a constructivist paradigm was appropriate given
this study aimed to understand preservice science teachers’ development of professional
knowledge for teaching, specifically pedagogical content knowledge (Ferguson, 2007). As the
researcher aimed to understand the phenomenon from the perspective of those experiencing it,
this constructivist qualitative research study included multiple sources of data generation (e.g.,
collection of documents and artifacts, observations, semi-structured interviews) over an extended
period of time (Givens, 2008). To evaluate the trustworthiness of the findings and interpretations,
the methodology was hermeneutical and dialectical (Guba & Lincoln, 1998). Hermeneutics “is
an approach to the analysis of texts that stresses how prior understandings and prejudices shape
the interpretive process” (Denzin & Lincoln, 2005, p. 27), while the dialectic (within the realm
of constructivist philosophy) involves comparison and contrast of various constructions through
“iteration, analysis, critique, reiteration, reanalysis, and so on that leads eventually to a joint
(among inquirer and respondents) construction of a case (i.e. findings or outcomes)” (Schwandt,
1998, p. 243).
Epistemological and Ontological Assumptions. Using a constructivist paradigm to
frame this qualitative study I assumed specific philosophical principles as well as
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epistemological and ontological assumptions (Denzin & Lincoln, 2005). As a constructivist
researcher, I assumed a subjectivist epistemology and viewed research as value-laden, rather than
value-neutral, and accepted that both those being researched and the researcher made value
judgements (Denzin & Lincoln, 2005). I understood that, by sharing and exchanging ideas with
the participants during the interviews, in order to develop my understanding of participants’ PCK
development, the research process itself added an additional layer of reflection upon which the
participants may have constructed their own PCK.
From an ontological perspective, constructivism assumes ontological relativity and
maintains that what is real is intangible and mentally constructed and is, therefore, “socially and
experientially based” (Guba & Lincoln 1994, p110). In the context of this study, it was assumed
individuals construct knowledge based on their personal experiences, which are dependent not
only on the context within which these experiences take place, but also on their individual
previous experiences (Patton, 2002). Even though all of the participants in this study were
enrolled in the same coursework at one teacher preparation program, their backgrounds, previous
experiences, and experiences with the teacher preparation program, including participation in
this study, varied greatly. Based on this assumption, findings regarding participants’ PCK
development cannot be generalized to unique contexts but rather can only provide a basis for
comparison and analogy (Lincoln & Guba, 1985).
Research Design
Frequently, the purpose of educational research is to improve teaching practices. This is
most often done by building educational theory, providing insights into it, testing it, and/or
adding to its application. Traditionally, the goal of qualitative studies is “to expand and
generalize theories" through the discovery of variables rather than the testing of variables
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(Strauss & Corbin, 2008; Yin, 1994, p. 10). Rather than relying heavily upon hypothesis testing,
cause and effect, and employing statistical analyses, qualitative research methods often involve
fieldwork observations, in-depth interviews, and the collection of written documents and
artifacts. (Lichtman, 2012). Using this data, the researcher systematically attempts to construct
an understanding of how participants interpret their experiences, how they construct their lives
and worlds, and the sources they attribute to the development of their experiences (Merriam &
Tisdell, 2016).
As this study was interested in understanding the development of PCK in PSTs, including
factors which may contribute to PCK development (i.e., the edTPA), in conjunction with a
constructivist paradigm, this study employed a longitudinal case study research design to guide
the collection and analysis of data (Patton, 2015). A case study is an investigation of a bounded
system over time with data obtained using a variety of sources (Stake, 2005). It can be used to
study individuals, groups, cultures or organizations. Furthermore, a case study deals with
questions that seek to make sense of the operational connections made by individuals rather than
a single incident (Yin, 2009). Using a case study design, researchers seek out both what is
common and what is particular about the ‘case’, using multiple data sources to construct a
meaningful representation of the case (Creswell et at., 2007; Patton, 2002; Stake, 2005).
According to Yin (2009) it is better to make a single case study when the researcher wants to
study for example a person or a group of people. Yin (2009) also explains that a single case
study with embedded units can be made if the researcher wants to have the ability to study the
case with data analysis within case analyses, between case analyses and cross-case analyses. For
the purposes of the study, this research used an embedded-single case study design. In this study,
a cohort of PSTs that completed teacher preparation at a particular undergraduate science
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education program constitute the main unit of analysis, while the individual PSTs constituted the
sub-units of analysis.
Due to the complex and often difficult to assess nature of PCK, a multi-faceted data
collection approach was necessary to study PCK (Baxter & Lederman, 1999; Park & Suh, 2015;
Chan & Hume, 2019). Further, due to the context-specific nature of PCK, data was collected
from the natural setting of the classroom whenever possible (Abell, 2008). Using multiple data
collection and analysis approaches not only allowed for triangulation of patterns found in the
data but also addressed some of the potential limitations of having a small sample size, and thus
increased the trustworthiness of the study (Creswell et al., 2007; Patton, 2002). The use of a
multiple method approach allowed the researcher to identify and describe salient patterns in
PSTs’ PCK development over an extended period of time (Denzin & Lincoln, 2005). The details
regarding data collection and analysis are described in the following sections of this chapter.
Role of the Researcher and Subjectivity
In qualitative research, relatively little standardized instrumentation is used; instead, the
researchers themselves are the primary instrument of data collection and analysis (Miles et al.,
2014). Qualitative research “is a way of knowing that assumes that the researcher gathers,
organizes, and interprets information with his or her eyes and ears as a filter” (Lichtman, 2012,
p.7). Essentially, “researchers are the go-betweens for the participants and the audiences they
want to reach” (Strauss & Corbin, 2008, p. 49). A mutual respect and rapport between the
researcher and participants must be established to ensure participants are comfortable enough
with the researcher to share their experiences and perceptions accurately. Inversely, a researcher
must also be cautious to not exploit their relationship with a participant. It is essential the
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researcher have experience and understanding of the procedures involved in qualitative research,
such that the data collection methods to ensure subsequent findings are valid and informative.
My interests as a researcher arose from my own experiences as a PST in a teacher
preparation program, as a secondary science teacher, and now as a teacher educator. As an
undergraduate, I had taken substantial course work on how students learned science, then as a
secondary science teacher, I had attended several professional developments on the same topic.
In spite of these rich opportunities for development as an educator, I had never heard the term
“pedagogical content knowledge” until my course work in my science education doctoral
program. I was immediately enamored with the construct as it gave me a framework to begin to
understand what I had been trying to develop my entire professional career and what I hoped to
help other PSTs develop as a teacher educator. My research interest stems from my belief that
understanding the characteristics and development of PSTs’ PCK, as well as an understanding of
which experiences within a teacher preparation program are catalysts for PCK development,
would not only strengthen theory surrounding the nature of PCK but, more importantly, further
its application for teachers and teacher educators (Abell, 2007; Kind, 2009).
I was the primary investigator of this study. As a researcher, I worked in a variety of roles
with the participants of this investigation. Before beginning this study, I worked with the
participants as a teaching assistant in one of their science education courses, which was outside
the scope of this study. During this study, in addition to my role as a researcher, I have served as
the instructor of the edTPA workshops teacher candidates attend as they complete their edTPA.
These various roles proved to be helpful when recruiting participants as all of the prospective
participants were familiar with me and seemed receptive to agreeing to meet with me; all
potential participants in the undergraduate science education cohort (N = 6) agreed to participate
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in this study. Further, this previously established rapport with the participants prior to the study
seemed to help participants feel comfortable during classroom observations and interviews. Also,
due to my position as a graduate student, not a faculty member, and being relatively close to the
participants in age, I was likely seen as a near-peer mentor rather than any sort of authority figure
to most participants. At no point during this study did I have the potential to assign a
participant’s grade in a course.
As a researcher, I had to remain conscious of my responsibilities as the edTPA instructor
and my role as a researcher while visiting with participants. To fulfill my goals as a researcher it
was essential that participants felt comfortable discussing and reflecting on their planned and
implemented science instruction and not to just tell me what they believed I wanted to hear. Due
to the summative nature of the edTPA and its strict guidelines for acceptable candidate support
(SCALE, 2014), it was relatively easy to navigate this relationship as most of my responsibilities
as the edTPA instructor were centered around explaining the technical requirements of the
assessment rather than developing their pedagogical reasoning. Further, understanding my role
as a researcher within this study, the faculty member who serves as edTPA coordinator offered to
meet with any participant should the support they were requesting increase my potential to
introduce bias into this study.
During observations, I acted strictly as a non-participant observer (Patton, 2002) and did
not provide any type of feedback on teaching to the participants until the post-observation
interviews were completed. While interviewing participants, I was careful not to provide
feedback that would lead the participants’ future responses. Finally, peer debriefing, member
checking, establishing intercoder reliability, and triangulating findings from multiple data
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sources were all critical in this study to reduce the researcher’s potential influence and bias on
data collection and analysis.
Institutional Review Board and Data Storage
The researcher developed a research study proposal, including participant recruitment,
informed consent forms, interview protocols (Appendix A & B), and all data collection and
storage procedures, which was submitted to the university’s Institutional Review Board (IRB)
for review and approval. All participant recruitment and data collection procedures relevant to
this study are discussed in detail in subsequent sections of this chapter. After approval of this
research study was received, informed consent was reviewed and obtained from each participant
prior to initial data collection. All data was collected and stored per IRB guidelines.
Participants and Research Context
Participants were recruited from the undergraduate science education program at
Southern University (pseudonym), a large, land-grant university in the Southeastern U.S. with a
Research 1 Carnegie classification. Six participants were recruited through their science
education methods course the fall semester before student teaching in spring (Methods II). After
obtaining permission from the instructor, the researcher visited the class to distribute a consent
form to all potential participants and then read an oral script for recruiting participants. They
were given time to read the consent form and the researcher addressed any questions about the
use of student data for the research. The researcher then left the TA of the course an envelope to
collect signed consent forms of PSTs who agreed to participate in the study. This envelope was
later collected from the TA by the researcher and participants were contacted by email to set up
an initial background interview.
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Realizing the timing of this recruitment strategy did not give a complete picture of
participants’ PCK over the study’s intended time frame (i.e. the final year of teacher
preparation), as the first microteaching lesson in Methods II occurred toward the end of that fall
semester, after receiving the necessary IRB amendment, participants were contacted and asked
for their permission to collect and use the materials they submitted in their science education
methods course the spring semester of their junior year (Methods I) for research purposes. All
participants consented to this request and those materials were used as a baseline for their PCK
entering their final year of teacher preparation. A timeline and overview of data collection for
this study can be found below in Table 3.1.
Table 3.1.
Data Collection and Timeline for Each Participant
Semester/
Data Sources

Methods I
Spring 2018

Methods II
Fall 2018

Student Teaching & edTPA
Spring 2019

Observations

1 Video recorded observation 2 Video recorded observations

Interviews

N/A

Background interview
3-4 Pre-observation interviews
Pre-observation interview
3-4 Post-observation interviews
Post-observation interview (video- edTPA/final interview
stimulated)

Documents
and Artifacts

Lesson plans, instructional
materials, assessments, and
written reflections

Lesson plans, instructional
All submitted edTPA materials
materials, assessments, and written Lesson plans, instructional
reflections
materials, assessments, and
written reflections

Surveys

N/A

Teaching Science as Inquiry
Teaching Science as Inquiry
STEBI-B
STEBI-B
Teachers’ Sense of Efficacy Scale Teachers’ Sense of Efficacy Scale

Researcher's
Field Notes

N/A

Collected throughout
the semester

3-4 Direct observations

Collected throughout
the semester

All participants were undergraduate science education majors and participated in similar
science education methods coursework. However, due to the variety of areas of emphasis (e.g.,
biology, earth sciences, middle grades science) participants’ content area course work varied
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slightly. Participants also completed their student teaching experience in a variety of schools,
grade levels, and topics in science; all participants student taught for 15 weeks. A summary of
the context of each PSTs student teaching placement is present below in Table 3.2.
Table 3.2.
Context of Student Teaching Placements
Participant
(Pseudonym)
Elliot
Brooke
Charlotte
Jane
Hattie

Grade
Level
8th grade
7th grade
8th grade
9-12 grade
9-12 grade

Subject Area(s) Taught
Integrated STEM
Integrated STEM
Integrated STEM
Biology, Honors Biology, Earth Science
Biology, Honors Biology
Biology, Honors Biology, AP Biology, AP
Piper
9-12 grade
Environmental Science, Earth Science
Note: IB = International Baccalaureate

School
Setting
School Type
Urban
IB/Global Studies Magnet
Rural
Project-Based Learning Magnet
Suburban
Traditional
Suburban
Traditional
Urban
IB/Global Studies Magnet
Suburban

STEM Magnet

As mentioned earlier, all six potential participants agreed to participate in the study. One
participant self-identified as male; the other five identified as female. To mask the identity of the
one male participant, with his permission, only female pronouns are used while reporting the
results in chapter four and during the discussion in chapter five. The ethnic/racial backgrounds of
participants mirrored that of Southern University with the majority (n=5) being White. The only
minority participant, a female, identified as multi-racial. All participants were between the ages
of 21 and 23. Per IRB requirements, participants were asked for permission by the researcher to
access their academic history (e.g., GPA, course history, course grades, PRAXIS & edTPA
scores) via an institutional database; all participants consented to this request. To avoid bias, the
researcher remained blind to the academic history of each participant until all data analysis was
complete. All participants received similarly high marks in all science education coursework,
including student teaching, but varied slightly in overall GPA (M = 3.56, SD = 0.31). The
participants had an average edTPA composite score of 49.50 points (SD = 4.81).
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PCK becomes visible in a teachers’ expression of knowledge, choice of instructional
strategies and representations, articulation of the rationale behind specific pedagogical decisions,
and the integration of multiple facets of PCK (e.g., knowledge of students, knowledge of
curriculum, knowledge of assessment) (Baxter & Lederman, 1999; Park & Oliver, 2008a; Chan
& Hume, 2019). Due to this complex nature of PCK, this study implemented a multi-faceted data
collection approach to understand the characteristics of PSTs’ PCK over the course of their last
year of teacher education. PCK is manifested, evident, and utilized throughout the three phases
of the pedagogical cycle, plan, enact, and reflect (Park et al., 2011; Carlson et al., 2019). With
this in mind, it was important that data sources and collection methods were planned to elicit
PCK from each of the three stages (Park & Suh, 2019). With this in mind, in addition to
classroom observations, pre- and post-observation interviews were conducted to examine PCK
revealed in planning and reflection phases. To minimize the requirements of participants, many
of the data sources of this study were artifacts PSTs created to fulfill the requirements of their
teacher preparation program such as assignments within their science education methods courses
(Methods I and Methods II) and the edTPA portfolio. Examples of these data sources included:
video recordings of the participants teaching, participant-created lesson plans, instructional
materials, assessments, and written reflections on teaching practice. An overview of data
collection can be found in Table 3.1. Detailed descriptions of each data collection method are
presented in subsequent sections of this chapter.
Observations
In Chan and Hume’s (2019) extensive review of the current state of PCK, they expressed
concern that most PCK studies they reviewed focused on the planning phase of the teaching
cycle and relatively few examined the implementation phase of teaching that is most directly
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related to students’ learning experiences in science. The translation of PCK into teaching
practices is a critical component of PCK and, therefore, observations are an essential data source
for studying PCK (Abell, 2007; Baxter & Lederman, 1999; RCM). Observations provide data for
the implementation phase of PCK and allow a researcher to better understand the characteristics
of participants’ PCK as they deliver the lesson they prepared for in authentic classroom contexts
and in real-time situations. In addition, since teachers cannot verbalize all of their practice, what
they know may be uncovered better from their performances than from what they say. Also,
what a teacher says does not always reflect what they do. Therefore, classroom observations
were necessary to examine PSTs’ PCK. During observations, either direct or viewing record
instruction, the research took field notes while watching the recorded instruction for each
participant, noting time stamps if applicable, to record instances of interest and questions that
arose as the instruction and interactions were observed.
In this study, participants were observed teaching in a variety of settings. First, in both
Methods I & II participants were required to develop a short series of connected lesson plans to
be taught to secondary school students, using instructional strategies discussed in the respective
course. In both courses, participants were required to teach an approximately 20-minute segment
of that lesson plan to their classmates. These lessons are recorded so participants could analyze
their instruction. Second, in addition to teaching their peers, in both courses, participants were
given the opportunity to teach a short lesson in their early field experience placements. These
lessons were also recorded and submitted, along with written reflections, as a requirement of
both courses. After obtaining the proper permissions, the participants’ recorded lessons were
obtained from the course’s graduate teaching assistant through Google Drive and GoReact. If
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videos were trimmed before submission, participants were asked, if possible, to provide the
researcher with an unedited copy of their recorded instruction.
Finally, participants were observed multiple times throughout their student teaching
internship. Again, to minimize the requirements on participants, these observations were
conducted in conjunction with participants’ routine student teaching observations. Participant’s
student teaching experience consisted of a 15-week period. In general, participants were
observed at the beginning of student teaching (around weeks 3-4; typically once the participant
had taken on the responsibilities of teaching at least one class full time), at the midterm (around
weeks 7-9; when the participant was teaching all their CT’s classes), and toward the end of the
semester (around weeks 12-14; when the participant has begun transitioning responsibilities of
teaching back to their CT) (see Table 3.3). For two participants, Charlotte and Piper, a fourth
observation was conducted; this decision was made by the university student teaching supervisor
and not the researcher. Each observation was one class period in length (approximately 60 - 90
minutes) and all participants were observed in their actual classrooms.
Table 3.3.
Timing of Observations during Student Teaching Semester
Participant
(Pseudonym)
Elliot
Brooke
Charlotte
Jane
Hattie
Piper

Observation #1
Week 3
Week 3
Week 5
Week 4
Week 4
Week 4

Observation #2
Week 7
Week 8
Week 7
Week 7
Week 8
Week 8

Observation #3
Week 12
Week 13
Week 10
Week 13
Week 13
Week 12

Observation #4

Week 14

Week 14

PCK Evidence Reporting Table
In addition to recording field notes during observations, evidence of PCK components
was recorded using a modified version of Park and Oliver’s (2008a) PCK Evidence Reporting
Table shown in Appendix C. The PCK Evidence Reporting Table consists of the five
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components of PCK, each with several subcategories listed for the researcher to determine if
they were present during the observation. For example, for knowledge of instructional strategies
and representations (KISR), a list of language devices, such as analogies, metaphors, anecdotes,
and mnemonic devices are provided. If evidence of a component of PCK was observed, it was
marked with a check mark and a description of the evidence was written down. To increase the
trustworthiness and credibility of the study, approximately 50% of the field observations were
conducted with another PCK researcher who also filled out the PCK Evidence Reporting Table
throughout the course of the observation. At the end of the observation, the two researchers
discussed all the particular instances of PCK they observed during the course of the lesson until
agreement was met. The PCK Evidence Reporting Table instrument was helpful in that it
provided a framework of observable elements of PCK which made observing the complexity of
PCK in the classroom more manageable.
Interviews
To assess PCK, researchers must seek to understand what teachers know, what they
believe, what they do, and the reasons for their actions (Baxter & Lederman, 1999); with that in
mind, PSTs were asked to participate in several semi-structured interviews throughout this study.
The use of semi-structured interviews allows an interviewer to maintain greater control over the
topics discussed than open-ended interviews by asking predetermined open-ended questions, but
still allows the interviewer flexibility in their use probing questions to elicit further information
and begin a conversation between the interviewer and interviewee (Givens, 2008; Merriam &
Tisdell, 2016). Appendix D shows the development process for the questions used in semistructured interviews. All interviews were audio recorded and were transcribed for analysis.
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The first interview, conducted before the micro-teaching lesson in their early field
experience was taught, explores PSTs’ backgrounds and orientations to science teaching as well
as their rationale for their planned instructional decisions. The second interview, a videostimulated recall interview (Sturtz & Hessberg, 2012), occurred after the PST had taught their
lesson and hoped to gain insights into the unarticulated thinking and decision-making processes
PSTs engaged in while instructing students. Similar pre- and post-observation interviews were
conducted for all subsequent observations which took place during the student teaching semester;
however, video-stimulated recall interviews were not used during the student teaching semester.
Instead, during the post-observation interview, the researcher, using his field notes, would
describe a particular instance from the lesson they found interesting and ask the participant to
describe their thinking at that time. To ensure this approach was effective, whenever possible,
the post-observation interviews occurred immediately after the field observation so the events of
the lesson were still fresh in the participant’s mind. Many of the interview questions used in preand post-observation interviews were adapted from questions from Park et al. (2011) and Sickel
and Friedrichsen (2017). A copy of this interview protocol is provided in Appendix A.
In addition to pre- and post-observation interviews, PSTs were asked to participate in a
final semi-structured interview regarding their experiences creating their edTPA portfolio and
student teaching as a whole. The edTPA/final interviews were conducted after the PST had
submitted their edTPA for official scoring but before they had received a score. PSTs were asked
to justify their rationale for submitted artifacts and written commentaries; in particular, PSTs
were asked to explain their decision-making process for selecting their learning segment, video
clips, and student work samples. This provided the PSTs an opportunity to discuss their rationale
for the instructional decisions they made during their edTPA lessons without the constraints of
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page limits or the potential limitation of their writing skills. Finally, PSTs were asked to
articulate any changes in their pedagogical reasoning and teaching practices that may have
occurred as a result of the edTPA portfolio creation process. A copy of the edTPA interview
protocol is provided in Appendix B.
Documents and Artifacts
Throughout the various phases of this study, the researcher asked participants to provide
copies of the various documents and artifacts they created as a part of fulfilling the requirements
of their teacher preparation program. Several class assignments from science education methods
courses (Methods I & II and the senior student teaching seminar) such as PST-created lesson/unit
plans, instructional materials, assessments, written reflections, and other planning documents
were collected. In addition to class assignments, participants were asked to provide the
researcher with copies of the various instructional materials they utilized during the planning and
enactment of their observed lessons during student teaching. Information from documents and
artifacts were compared to other sources to determine if similar characteristics of PSTs’ PCK
existed.
edTPA Materials
As a part of their teacher preparation program at Southern University, and a state
licensing requirement, participants had to complete a teacher performance assessment, the
edTPA, during student teaching. An edTPA portfolio consists of three main tasks/sections:
planning, instruction, and assessment. During the edTPA portfolio creation process, PSTs are
asked to prepare a learning segment that consists of 3-5 consecutive hours of instruction for one
class and complete all three tasks based on its design, implementation, and analysis of its
effectiveness. During Task 1: Planning, PSTs submit 3-5 lesson plans, a learning segment, and
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all associated instructional materials, including handouts, presentations, class assignments,
homework, and assessments. Once they have prepared their learning segment, candidates write a
commentary in which they are prompted to describe and justify the appropriateness of their
planned instruction paying particular attention to the lessons' objectives and purposes,
characteristics of their students, differentiation for individuals and groups of students with
specific learning needs, the incorporation of academic language, and how they will use formal
and informal assessments to monitor student learning.
For Task 2: Instruction, candidates video record themselves teaching the previouslydescribed learning segment and choose two ten-minute clips to submit from their lessons, along
with a written commentary addressing how they promoted a positive learning environment and
engaged their students through their instruction. Next, candidates analyze their recorded
instruction and discuss changes they would make to their instruction based on that analysis. In
Task 3: Assessment, candidates choose one assessment given during their learning segment,
which all students completed, to analyze. PSTs submit three student work samples of this
assessment (one student must have a specific learning need such as an Individualized Education
Plan or an English Language Learner designation) along with their feedback to those students.
Again, in Task 3, PSTs submit a written commentary, addressing their analysis of the class’s
performance on the assessment including identifying patterns of learning within and between
groups of students, how the feedback they gave will guide further student learning, evidence
students’ understanding and use of academic language, and, finally, how they will use the data
garnered from the assessment to guide future instruction (SCALE, 2013). While portfolios varied
in length due to the number of lessons submitted by the PSTs, the strict page limits and
structured prompts of task commentaries helped maintain a relatively uniform data set per
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portfolio. Most portfolios are around 60-80 pages of documents/artifacts and approximately 20
minutes of video recorded instruction. All materials included in the participants’ edTPA
portfolios were collected and analyzed for this study. The analysis of edTPA materials was
necessary in attempting to answer research question 2 by first answering its corresponding subquestion, “How indicative is a teacher candidate’s edTPA portfolio of their PCK outside the
assessment?” (see Appendix D).
Surveys
Participants were asked to complete three brief online surveys, delivered via Qualtrics,
about their beliefs about science teaching each semester. All surveys, the Teaching Science as
Inquiry (TSI) (Smolleck et al., 2006; see Appendix E), the Science Teaching Efficacy Belief
Instrument (STEBI) (Riggs & Enochs, 1990; see Appendix F), and the Teachers’ Sense of
Efficacy Scale (TSES) (Tschannen-Moran et al., 2001; see Appendix G), were previously
validated teacher belief instruments. While not retained in the Pentagon model, Park and Oliver’s
(2008a) reconceptualization of PCK for science teaching initially included teacher efficacy.
Teacher efficacy is drawn from the concept of self-efficacy that evolved from Bandura’s (1977)
social cognitive theory (Park, 2007; Park & Oliver, 2008a). Park and Oliver (2008a) describe
teacher efficacy as “an affective affiliate of PCK” and explained “when teachers believe their
capability to execute their PCK effectively, the PCK will be more likely to be enacted in actual
classrooms.” Self-efficacy is included in the RCM as an amplifier and/or filter of PCK (Hume,
Cooper, & Borowski, 2019). In this regard, it was important to understand if these beliefs change
and, if so, the nature of those changes.
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Data Analysis
In order to capture the characteristics of preservice science teachers’ PCK at various
points during the final year of their teacher preparation program (research question number one),
data was analyzed using three approaches: (1) coding with a priori codes, (2) PCK Map approach
(Park & Chen, 2012) which includes the in-depth analysis of explicit PCK (Park & Oliver,
2008b) followed by an enumerative approach (LeCompte et al., 1993) to create PCK Maps, and
(3) the constant comparative method (Strauss & Corbin, 1998). In order to understand the
possible influence of the edTPA portfolio creation process on PSTs’ PCK development (research
question number 2), the constant comparative method was used. Table 3.4 below summarizes
data sources and data analysis methods for each of the research questions.
Table 3.4.
Dissertation Data Sources and Data Analysis Methods
Research Question
Research Question 1:
What are the characteristics of
preservice science teachers’ PCK
at various points during the final
year of their teacher preparation
program?

Research Question 2:
What influence, if any, does the
edTPA portfolio creation process
have on preservice science
teachers’ PCK development?

Data Sources
●
●
●
●
●
●

●
●
●
●
●
●

Video-recorded lessons
Observations
Pre- and post-observation
interviews
PCK Evidence Reporting Table
Background interviews
PST created lesson plans,
instructional materials,
assessments, and written
reflections
edTPA materials
Researcher's field notes
Surveys (TSI, STEBI-B)
All data sources listed for
Research Question 1
edTPA interviews
Created PCK Maps

Data Analysis Methods
●
●
●
●

●

Coding with a priori codes
In-depth analysis of explicit
PCK
Enumerative approach to create
PCK Maps
The constant comparative
method

The constant comparative
method: open, axial, and
selective coding

A Priori Coding
Analysis of data focused on the identification of patterns and salient features through an
established system of codes as listed in Appendix H. Three sets of a priori codes were used in
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analysis. The first set was drawn from the five components of PCK (Park & Oliver, 2008a),
including subcategories of these components, and the other three knowledge bases for teaching:
contextual knowledge (CxK), subject-matter knowledge (SMK), and pedagogical knowledge
(PK) (Grossman, 1990; Chan & Hume; 2019). Subcategories were largely drawn from the
subcategories described by Park and Oliver (2008a) in their Pentagon model; however, some
subcategories were modified or added based on more contemporary models of PCK including
the Consensus Model (Gess-Newsome, 2015) and the Refined Consensus Model (RCM)
(Carlson et al., 2019). For example, for the code Knowledge of Instructional Strategies and
Representations (KISR), the sub-categories were altered slightly to align more closely with the
grain-sizes of PCK presented in the RCM; namely, discipline-specific strategies, topic-specific
strategies, and concept-specific strategies or representations. The second set of a priori codes
addressed interactions among components of PCK. Interactions could occur in sets of two, three,
four, or five. All of the PCK component integration possibilities can be seen in Appendix H.
Finally, the third set of a priori codes were developed out of the results of the literature review
and the researcher’s previous experience using similar a priori codes (Reynolds & Park, 2019).
In my previous analysis of 36 PSTs’ PCK revealed in their edTPA portfolios, I often found
evidence of PSTs making connections between a component of PCK and contextual knowledge
(CxK). For example, participants would often justify their use of an instructional strategy [KISR]
given their understanding of a particular contextual factor, such as the constraints of their
physical classroom, requirements of professional learning team (PLT), or the attributes of their
students (e.g. age, language proficiency, developmental level). To record these interactions
between PCK and PSTs' understanding of contextual factors, codes were developed which
combine contextual knowledge (CxK) with the appropriate code from the two previous sets of
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codes. For example, the code “CxK-KISR” would be assigned if a contextual factor influenced
the choice of an instructional strategy and the code “CxK-A1” would be assigned if a contextual
factor and orientation influenced the choice of an instructional strategy. The addition of a
contextual knowledge code was congruent with the RCMs’ emphasis on learning context for
capturing PCK (Carlson et al., 2019) and Park’s (2019) recommendation that researchers capture
how contextual factors influence components of PCK. All materials were coded using Atlas.ti, a
qualitative data analysis software. To establish inter-coder reliability, approximately 20% of data
sources were re-analyzed by a second researcher; initial inter-coder reliability was calculated by
both simple inter-coder agreement (87.4%) and Krippendorff's alpha (α = 1.000). All
incongruities were discussed until agreement was reached. The results from a priori coding were
compared with results from other analysis measures.
PCK Map Approach
After all data sources were coded using the a priori codes described above, characteristics
of PSTs PCK were further evaluated using the PCK Map approach, an analytic method to
visualize and quantify the interactions of the PCK components (Park & Chen, 2012). The PCK
Map approach consists of two steps: (a) in-depth analysis of explicit PCK to identify PCK
Episodes and (b) an enumerative analysis approach to quantify the interactions of the
components involved in the identified PCK Episodes. This approach was completed for each
observation or lesson; seven to eight maps were created for each participant in this study. A
summary of the data sources used to create each PCK Map is provided in Table 3.5 on the next
page.
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Table 3.5
Summary of Data Sources Used to Create PCK Maps
PCK Map/
Data Sources
Methods I
Number of
Two lessons
Lessons
Planned
Observations One observation
(video recorded)
Interviews

Methods II
Methods II
Field Experience
Unit Plan
One lesson
Five lessons

Student Teaching
Observations
edTPA
3-4 lessons
3-5 lessons

One observation
(video recorded)

3-4 Direct
observations

None

None

-Background
None
-3-4 Preinterview
observation
-Pre-observation
interviews
interview
-3-4 Post-Post-observation
observation
interview (videointerviews
stimulated)
Documents
-2-Day Lesson Plan -Lesson plan and -Unit Plan project -Lesson plans and
and Artifacts and Assessment
all instructional
(five lesson plans, all instructional
project (two lesson materials and
instructional
materials and
plans, instructional assessments
materials and
assessments
materials and
-Reflection on
assessments, and a -Reflections
assessments, and a lesson taught
rationale paper)
submitted in senior
rationale paper)
during field
seminar course
-Reflection on
experience
-PCK Evidence
lesson taught in
Reporting charts
field experience
Researcher's Created while
Collected
Collected
Collected
Field Notes
reviewing data
throughout the
throughout the
throughout the
sources
semester, expanded semester, expanded semester, expanded
while analyzing
while analyzing
while analyzing
data sources
data sources
data sources

1-2 video clips
(approx. 20
minutes)
-edTPA/final
interview

-All submitted
edTPA materials (35 lesson plans,
instructional
materials and
assessments, 1-2
video clips, samples
of student work
with feedback, and
task commentaries)
Created while
reviewing data
sources

In-depth Analysis of Explicit PCK
To identify which PCK components PSTs integrated while planning, enacting, and
reflecting on science instruction, the researcher utilized a modified form of the in-depth analysis
of explicit PCK (Park & Oliver, 2008a). In this approach, the researcher identifies teaching
segments from coded video recorded observations, instructional materials, and edTPA portfolio
data according to a working definition of PCK, that is, PCK as an integration of two or more
components in the Pentagon model (Park & Chen, 2012). This working definition of PCK is
consistent with the consensus view that although PCK is composed of discrete components, they
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must be integrated and function synergistically to inform teaching practice (Abell, 2008, Chan &
Hume, 2019).
Once teaching events that indicated the presence of two or more components of PCK
were identified, hereafter called a ‘‘PCK Episode,'' a detailed description of the PCK Episode
was made highlighting three aspects: (1) what the teacher and students did, (2) what components
of PCK were integrated in the PCK Episode, and (3) in which data source the evidence of PCK
components was found (Park & Oliver, 2008b). PCK Episodes were largely identified through
observations and then supported further by interviews and documents/artifacts related to the
teaching segment (lesson plans, instructional materials, written reflections). Individual PCK
Episodes were differentiated from one another through examining: (1) the content being taught,
(2) instructional method(s) used, and (3) timing of the teaching event within the lesson. If two
described teaching events did not share these characteristics then they were identified as separate
PCK Episodes. As components integrated into a particular PCK Episode were identified, the
focus was not how many times a particular component appeared but instead if the component
was present or not in the Episode. An example of a teaching event identified as a PCK Episode is
given below; this is the same PCK Episode mapped later in Figure 3.1.
One common misconception that students may have is that if an individual is
heterozygous for a trait, there is a 50% chance that the individual will show the
phenotype of either the dominant or recessive trait [KSU]. To address this misconception,
in Lesson one, in groups of two, students will flip a standard coin to get the genotypes of
their “offspring” and then use the genotype to determine the phenotype...Flipping coins to
get the genotype models the random shuffling in meiosis and will help students see the
traits we inherit are random [KISR]. As students complete this activity, I will walk
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around and check student’s understanding by listening to their conversations and by
asking them probing questions [KAs/KSU]. (Brooke, edTPA Task 1: Planning
Commentary)
In a PCK Episode, at least one connection between any two of the identified components
must exist for the PCK to be explicit (Park & Chen, 2012). For example, knowledge of
instructional strategies and representations (KISR), knowledge of students' understanding in
science (KSU), and knowledge of assessment of science learning (KAs) would be recognized as
integrated components in the aforementioned PCK Episode.
Enumerative Approach
After PCK Episodes were identified, the interactions among PCK components were
visually represented by a “PCK Map '' through an enumerative approach that employs the
Pentagon model as an analytic device. As seen in Figure 3.1, the three components identified
earlier are mapped with a line drawn between each component representing the connection.
Figure 3.1.
Example of the PCK Map Analytical Approach. (Adapted from Park & Chen, 2012).
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This process was repeated for each episode; see Figure 3.2 for an example of a completed PCK
Map. In a compiled PCK Map, the number to the side of each component is the total number of
connections made with other components. The frequency of each connection indicates the
relative strength of the connection between integrated PCK components; as the frequency of a
connection increases the connection is stronger (Park & Chen, 2012).
Figure 3.2.
Example of Complete PCK Map. (Adapted from Park & Chen, 2012).

Constant Comparative Method
To determine how the characteristics of PSTs' PCK change over the course of their final
year of teacher preparation, created PCK Maps were analyzed further using the constant
comparative method (Strauss & Corbin, 1998). Using this approach, analysis focused on
identifying common patterns and characteristics of a preservice teacher’s PCK at the various
points. Data was first analyzed for each sub-unit or participant, followed by a within-case
analysis, in which I compared the characteristics of PCK of the cohort members at various points
in their teacher preparation program. This case analysis was conducted for the purpose of
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determining how PST’s PCK changes during the final year of teacher preparation. The case
analysis also aided the researcher in answering research question number two by providing
insight into how indicative the PCK revealed in an edTPA portfolio was of a PST’s PCK outside
the assessment. Due to the complex nature of PCK, identified patterns and characteristics were
compared and contrasted across the various data sources and analysis methodologies (e.g. PCK
Mapping, in-depth analysis of explicit PCK) through triangulation, which adds to the credibility
of this study (Creswell et al., 2007; Merriam & Tisdell, 2016; Patton, 2001).
The constant comparative method was also be used to explore the potential influence of
the edTPA creation process on preservice science teachers’ PCK development (research question
#2). To do so, the following data sources were analyzed: a) edTPA semi-structured interviews; b)
PCK Maps, and c) the researcher’s field notes. Data analysis focused on the identification of
regularities or patterns through the use of open coding, axial coding, and selective coding
(Corbin & Strauss, 2008). This analysis compared or contrasted data sources both within and
between participants. Again, all data from multiple sources was triangulated to increase the
trustworthiness of this study (Patton, 2002).
Trustworthiness
Within a constructivist research paradigm, the quality of qualitative research is judged
based on four criteria of “trustworthiness,” including confirmability, credibility, dependability,
and transferability (Lincoln & Guba, 1985). With respect to these criteria, several strategies were
used in order to enhance the trustworthiness of this study.
The trustworthiness of this study is increased by using multiple sources of data that were
collected over an extended period of time (Lincoln & Guba, 1985; Yin, 2009). This data
collection approach increased the trustworthiness of the study by allowing for triangulation
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(Denzin, 1978). Apart from collecting and triangulating data from multiple sources over time,
several other measures mentioned below were implemented to increase the trustworthiness of
this study.
Through multiple sustained interactions, over the course of the year, the researcher was
able to build a positive rapport with participants in a manner similar to the “prolonged
engagement’ approach. Lincoln and Guba (1985) suggest this approach increases a study’s
credibility. To further increase credibility, member checks and negative case analysis were used.
Member checking was embedded in semi-structured interviews when the researcher asked
participants to elaborate on or clarify what they saw during observations and when the researcher
gave a summary or interpretation of what he had heard at the end of a participant’s response in
an interview and then asked the participant to confirm the accuracy of his interpretation (Givens,
2008). Member checks were also utilized to confirm tentative interpretations for accuracy and
plausibility with participants (Patton, 2002). Looking for and citing negative cases increased
credibility by exploring the limitations of any identified patterns of PCK development (Givens,
2008).
Because of the context dependent nature of both PCK and qualitative research,
transferability is a complex task to achieve. To promote transferability, as I present subsequent
findings, I will provide detailed descriptions so that readers can make a reasonable judgement
between the participants and context of this study and their own specific circumstances (Lincoln
& Guba, 1985).
In order to strengthen the confirmability of this study, the researcher constantly reflected
on the data and asked himself, “Are the data sufficient to merit the claims?” (Denzin & Lincoln,
2005, p. 528). Confirmability was also strengthened by conducting several of the field
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observations with another PCK researcher. During data analysis, conformability was supported
through establishing interrater reliability and peer debriefing. Peer debriefing is when another
individual reviews, provides feedback, and asks questions to enhance the validity of research
(Creswell et al., 2007). As previously discussed, the research recruited a colleague to help
establish intercoder reliability and serve as a peer review. Finally, I recruited the assistance of
my advisor and doctoral committee members to check claims and assertions to ensure identified
patterns of PCK development were justified (Lincoln & Guba, 1985).
Chapter Summary
In this chapter, I outlined the methodological approaches which were utilized to answer
the research questions of this dissertation study. My epistemological and ontological
assumptions, as well as my positionality in relation to this study were outlined. The research
context, participants, data collection and analysis methods were all described in detail. Finally, I
discussed how the trustworthiness of the study was established. The next chapter reports the
results of the study.
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CHAPTER FOUR
RESULTS
The purpose of this chapter is to present the evidence and themes that address the
research questions that guided this investigation. This chapter is divided into three sections. In
the first section, I briefly overview the characteristics of PCK and PCK development across the
six participants throughout the final year of teacher preparation. Next, I provide detailed
descriptions of the characteristics of PSTs’ PCK and PCK development with in-depth profiles of
the two most contrasting sub-units that best represent the commonalities and differences across
all the participants. The descriptions of the two participant profiles are organized into subsections based on the components of PCK outlined in the Pentagon model of PCK for Science
Teaching (Park & Oliver, 2008b). Next, themes identified within the case are presented, which
provide insight into the characteristics of preservice science teachers’ PCK development,
including notable patterns of connections between PCK components. Finally, the results that
address the second research question regarding the influence of the edTPA portfolio creation on
preservice science teachers’ PCK are discussed in detail.
The Characteristics of PSTs’ PCK throughout Their Final Year Teacher Preparation
Throughout the year-long study, a wide range of characteristics of PCK and PCK
development were observed across the six participants. In Appendix I, the PCK Maps of the six
participants at each of the various points throughout their final year of teacher preparation (e.g.,
Methods I & II, student teaching observations, the edTPA portfolio) are presented. Table 4.1
provides a summary of each PSTs’ level of PCK, calculated using the total number of PCK
connections identified using the PCK Map approach, at each of the checkpoints throughout the
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study. Table 4.2 presents the characteristics of PCK Episodes identified, as well as the number of
PCK Episodes each component was integrated for each participant at each of the checkpoints.
Table 4.1.
Preservice Science Teachers’ PCK Level Determined by Number of PCK Connections
Methods I

Methods II
Field Exp.
Unit Plan

Obs. #1

Student Teaching
Obs. #2
Obs. #3

Obs. #4

edTPA

Total

Elliott
21
18
15
16
16*
13
35
134
Brooke
12
25
20
14
17*
15
37
140
Charlotte
21
22
20
12
13
17*
10
38
153
Jane
6
10
16
13
22*
11
37
115
Hattie
11
6
16
9
18*†
11
33†
104
Piper
11
9
14
6
5
5
2
36
88
Total
82
90
101
70
91
72
12
216
734
Average 13.67
15.00
16.83
11.67
15.17
12.00
6.00
36.00 122.33
* Denotes lesson observed was included in PST’s edTPA portfolio † Hattie’s 2nd ST observation was a part of their
original edTPA learning segment; however, about two weeks before the edTPA deadline, Hattie accidentally deleted
their edTPA video clips and had to re-do their entire edTPA portfolio.

When interpreting Tables 4.1 and 4.2, and many of the other findings presented in this
chapter, it is critical to consider the nature of the various data sources used to create participants’
PCK Maps at each of the checkpoints. A summary of the data sources used to create each PCK
Map is found in Table 3.5. Table 4.3 summarizes the findings presented in Table 4.2 to highlight
the differences and similarities between participants’ PCK throughout the study. While Tables
4.1, 4.2, and 4.3 provide a more quantitative depiction of the characteristics of the PSTs’ PCK,
Table 4.4 provides a brief qualitative description of each participants’ PCK and PCK
development, including any notable patterns of connections between components, over their final
year of teacher preparation. Jane and Hattie are presented together in Table 4.4 as the
characteristics of their PCK and PCK development revealed over the course of the year were
practically identical; further, it was decided presenting these participants together made some of
the common themes between the PSTs’ PCK more readily apparent. Detailed explanations and
interpretations of the aforementioned tables will be provided in the upcoming sections where
relevant.

113
Table 4.2.
Characteristics of PST’s PCK during Their Final Year of Teacher Preparation
Methods I

Total
PCK
Episodes

Elliott 3
Brooke 5
Charlotte 5
Jane 4
Hattie 4
Piper 5
Total 26
Average 4.33

OTS KISR KSU
2
3
3
0
5
3
1
5
5
0
4
4
1
4
4
1
4
4
5
25
23
0.83 4.17 3.83

KAs
2
4
4
1
2
3
16
2.67

KSC
2
1
2
0
0
0
5
0.83

Total

Methods II
PCK
(Field Experience) Episodes OTS KISR KSU
Elliott 7
1
7
6
Brooke 7
3
7
7
Charlotte 7
5
7
4
Jane 3
1
3
2
Hattie 4
0
4
4
Piper 3
1
3
2
Total 31
11
31
25
Average 5.17 1.83 5.17 4.17
Methods II
(Unit Plan)

Total
PCK
Episodes

Elliott 10
Brooke 7
Charlotte 12
Jane 8
Hattie 10
Piper 8
Total 55
Average 9.17

OTS KISR KSU
0
10
6
1
7
5
0
12
6
0
8
4
0
10
4
1
8
2
2
55
27
0.33 9.17 4.50

KAs
3
3
3
2
1
2
14
2.33
KAs
8
7
8
8
9
6
46
7.67

KSC
1
2
2
1
0
1
7
1.17
KSC
0
0
0
0
0
2
2
0.33

Total

Student Teaching
PCK
Observation #1
Episodes OTS KISR KSU
Elliott 6
2
6
6
Brooke 3
1
2
2
Charlotte 3
1
3
3
Jane 6
2
6
4
Hattie 3
0
3
3
Piper 2
0
2
2
Total 23
6
22
20
Average 3.83 1.00 3.67 3.33

KAs
2
2
2
2
3
1
12
2.00

KSC
1
3
1
2
0
1
8
1.33

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

3
3
5
4
4
4
23
3.83

2
4
4
1
2
3
16
2.67

2
2
4
1
2
2
13
2.17

2
0
1
0
1
0
4
0.67

2
1
2
0
0
0
5
0.83

2
1
2
0
1
0
6
1.00

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

6
7
4
2
4
2
25
4.17

3
3
3
2
1
2
14
2.33

2
3
1
1
1
1
9
1.50

1
3
2
1
0
1
8
1.33

1
2
2
1
0
1
7
1.17

0
3
1
1
0
1
6
1.00

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

6
5
6
4
4
2
27
4.50

8
7
10
8
9
6
48
8.00

4
5
4
4
3
0
20
3.33

0
1
0
0
0
0
1
0.17

0
0
0
0
0
0
0
0.00

0
1
0
0
0
1
2
0.33

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

6
1
3
3
3
2
18
3.00

2
2
2
2
3
1
12
2.00

2
1
2
2
3
1
11
1.83

2
1
1
0
0
0
4
0.67

1
1
1
1
0
1
5
0.83

0
1
1
1
0
0
3
0.50
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Table 4.2.
(Continued)
Total

Student Teaching
PCK
Observation #2
Episodes OTS KISR KSU
Elliott 5
0
5
5
Brooke 4
1
4
4
Charlotte 6
0
6
6
Jane 5
1
5
5
Hattie 4
1
4
3
Piper 3
0
3
1
Total 27
3
27
24
Average 4.50 0.50 4.50 4.00

KAs
1
2
2
3
4
2
14
2.33

KSC
4
2
1
3
2
1
13
2.17

Total

Student Teaching
PCK
Observation #3
Episodes OTS KISR KSU
Elliott 5
0
5
5
Brooke 4
1
4
4
Charlotte 4
2
4
3
Jane 4
0
4
3
Hattie 4
2
4
2
Piper 2
0
2
1
Total 23
5
23
18
Average 3.83 0.83 3.83 3.00

KAs
2
2
3
2
2
1
12
2.00

KSC
2
1
1
2
1
0
7
1.17

Total

Student Teaching
PCK
Observation #4
Episodes OTS KISR KSU
Charlotte 4
0
4
3
Piper 2
0
2
1
Total 6
0
6
4
Average 3.00 0.00 3.00 2.00
edTPA

Total
PCK
Episodes

KAs
2
1
3
1.50

KSC
1
0
1
0.50

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

5
4
6
5
3
1
24
4.00

1
2
2
3
4
2
14
2.33

1
2
2
3
3
1
12
2.00

0
1
0
1
1
0
3
0.50

4
2
1
3
1
0
11
1.83

1
1
1
1
1
0
5
0.83

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

5
4
3
3
2
1
18
3.00

2
2
3
2
2
1
12
2.00

2
2
2
2
1
0
9
1.50

0
1
1
0
1
0
3
0.50

2
1
1
1
0
0
5
0.83

0
1
1
1
1
0
4
0.67

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

4
1
5
2.50

2
1
3
1.50

2
0
2
1.00

0
0
0
0.00

1
0
1
0.50

0
0
0
0.00

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

OTS KISR KSU KAs KSC
Elliott 14
1
13
12
7
4
11
7
5
1
3
3
Brooke 11
2
11
11
6
2
11
6
6
2
2
2
Charlotte 13
3
13
11
8
1
11
8
6
3
1
3
Jane 10
2
10
10
5
3
10
5
5
2
3
3
Hattie 10
2
10
9
6
3
9
6
4
2
3
2
Piper 9
3
9
8
6
3
8
6
5
3
2
3
Total 67
13
66
61
38
16
60
38
31
13
14
16
Average 11.17 2.17 11.00 10.17 6.33 2.67 10.00 6.33 5.17 2.17 2.33 2.67
OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum

In the next sections, I present two preservice science teachers’ profiles to illustrate the
characteristics of PCK and PCK development observed throughout this investigation. I have
decided to present the two most contrasting sub-units because they most clearly illustrate the
range of understanding participants demonstrated regarding the types of knowledge which
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comprise PCK (e.g., knowledge of students’ understanding of science, knowledge of
instructional strategies and representations, knowledge of assessment, etc.). Specifically, I will
focus on Piper, the PST with the lowest PCK, and Brooke, the PST who demonstrated the
second-highest PCK.
Given the complex nature of PCK, it could be argued which participant demonstrated the
highest or lowest overall PCK. For example, Charlotte had the highest level of PCK, which was
determined by adding the total number of PCK connections of each PCK Map (Table 4.1).
Charlotte also had the greatest number of instances of explicit PCK, or PCK Episodes, identified
during the study (Table 4.3). (Note: Due to differences in block vs. traditional class scheduling, a
fourth observation was conducted with Charlotte so each participant would be observed for
roughly the same amount of time). However, Brooke had the greatest number of complex PCK
Episodes (episodes that integrate four or more components) (Table 4.2). Ultimately, Brooke’s
profile was selected over Charlotte’s because the contexts in which the Brooke and Piper
student-taught possessed a higher number of contrasting attributes, including school setting,
school level, number of science subjects taught, and the amount of autonomy given by their
cooperation teacher in planning for instruction.
Table 4.3
Summary of PST’s PCK during Their Final Year of Teacher Preparation
Participant

Total
PCK
Episodes

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

OTS KISR KSU KAs KSC
Elliott 50
6
49
43
25
14
42
25
18
6
13
6
Brooke 41
9
40
36
26
11
35
26
21
9
9
10
Charlotte 54
12
54
41
32
9
42
34
23
8
9
9
Jane 40
6
40
32
23
11
31
23
18
4
9
7
Hattie 39
6
39
29
27
6
29
27
17
5
4
5
Piper 34
6
33
21
22
8
21
22
10
4
4
5
Study Total 258
45
255 202 155
59
200 157 107
36
48
42
Study Average 43.00 7.50 42.50 33.67 25.83 9.83 33.33 26.17 17.83 6.00 8.00 7.00
OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Table 4.4
Characteristics of PSTs’ PCK and PCK Development over Their Final Year of Teacher Preparation
Orientations to
Teaching Science
(OTS)

K. of Instructional
Strategies and
Representations (KISR)

K. of Students'
Understanding of
Science (KSU)

Knowledge of
Assessment (KAs)

Knowledge of Science
Curriculum (KSC)

Notable PCK
Connections/
Characteristics

Elliott

● Stated: Inquiry/
● Several labs and
● Most developed KSU ● Primarily informal
● Most developed of any ● A clear and consistent
Activity-driven
inquiry-based activities of any PST.
questions.
PST, still integrated
relationship between
● Direct instruction most included in Methods I ● Demonstrated a
● Written formative
into less than ⅓ of
KSU-KISR and KSUoften observed during
& II lesson plans.
limited understanding assessments (exit
PCK Episodes.
KISR-KAs is seen on
student teaching (ST). ● Often used generic
of students’ potential
tickets, starter
● K. of vertical and
many of Elliott’s PCK
● Often complained
instructional strategies misconceptions or
questions, lab sheets)
horizontal curriculum
Maps.
about notes/PPTs
such as reading/
learning difficulties
only evaluated after
improved during ST. ● Relationship between
required by CT.
discussion protocols
before teaching.
instruction.
● Frequently meeting w/ KSU-KISR-KSC most
● Tried to implement
(KWL charts, Think ● Understanding of
● Observed some use of multiple PLTs seemed developed of any PST.
more student-centered Pair Share); included a students’ prior
summative assessment to influence the
practices during ST.
structured debate in her knowledge improved
during ST (quizzes).
development of KSC
edTPA lessons.
over the ST semester.
positively.

Brooke

● Student teaching
● Developed the majority ● Described students’ ● Primarily informal
● Worked with her CT to ● Most complex PCK
placement focuses on
of her instructional
prior knowledge of
questioning; uses
map out the middle
Episodes (episodes
PBL and guided
materials.
related concepts taught checkpoints to make
school science
with 4+ integrated
inquiry.
● Lessons frequently
in previous grades
sure they assess all
standards (grades 6-8) components)
● Stated: Inquiry/
include students using
(link to KSC).
students.
to decide what they
● # of PCK Episodes
Project-based
technology.
● Demonstrated a robust ● No traditional tests or
believed were the most somewhat limited by
● Almost all
● Often used stations
understanding of
quizzes; summative
important concepts
the use of PBL.
instructional practices groups of students
students’ backgrounds, assessments were all
they needed to teach in ● Highest PCK Level to
observed during ST
would rotate to.
interests, and preferred performance or
7th grade (curricular
PCK Episode ratio of
were student-centered.
learning styles.
project-based.
saliency).
any participant.

Charlotte ● Most PCK Episodes
● Had the most KISR ● Demonstrated a
● Assessment strategy ● Least integrated
● Most identified PCK
which included OTS of connected PCK
limited understanding was most often
component of her
Episodes and the
any PST.
Episodes of any PST.
of students’ prior
“listening to student’s
PCK.
highest PCK Level of
● Stated: Inquiry/
● Implemented a wide
knowledge; often
conversations and
● Most frequently
any PST.
Activity-driven
variety of generic and described students as
asking probing
integrated with KSU ● The relationship
● OTS most evident
subject/concept
“blank slates” before
questions.”
and KISR.
between KSU-KISRwhile discussing
specific activities.
teaching.
● Periodically used
● K. of vertical and
KAs was a prominent
modifications they
● Observed ST lessons ● Frequently used preformal written
horizontal curriculum
feature of PCK Maps
would make to lessons included both direct
assessments (KAs) to
assessments (exit
improved during ST.
for all lesson plans
in post-observation
instruction and labs/
develop her KSU.
tickets, lab
● Frequently met w/
submitted in Methods I
interviews.
hands-on activities.
worksheets).
multiple PLTs.
& II and the edTPA.
CxK: Contextual Knowledge, CT = Cooperating Teacher, PLT = Professional Learning Team, ST = Student Teaching
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Table 4.4
(Continued)

Jane &
Hattie

Piper

Orientations to
K. of Instructional
K. of Students'
Teaching Science
Strategies and
Understanding of
(OTS)
Representations (KISR)
Science (KSU)
● Stated: Inquiry/
● PSTs created lessons ● For both PSTs, KSU ●
Activity-driven
include more examples was the second most
● Observed: Mostly
of generic, rather than
frequently integrated
direct instruction
topic or concept component of their
(lecture, teacher-led
specific strategies.
PCK.
●
discussions), with
● ST lessons often
● Overall, high school
some online labs and
followed this structure: PSTs’ KSU was lower
simulations.
lecture (~30 mins);
than the middle grades
● Initially complained
activity/lab (~30 mins); PSTs’ KSU.
about CTs’ lectures/
students complete
● PSTs’ were mostly
●
PPTs being “boring”
worksheet for activity/ unable to anticipate
and stated how they
lab in groups (~20
misconceptions and
wanted to do more
mins); PST leads a
learning difficulties
hands-on activities.
discussion to “check
during planning, but
● By the end of ST, both for misconceptions”
were typically able to
PSTs became more
and “make sure
discuss several
complacent w/ teacher- everyone got the right
concepts students
centered instructional
answers.” (~10 mins).
struggled with after
practices.
teaching the lesson.

Knowledge of
Assessment (KAs)
Both PSTs’
demonstrated a very
limited understanding
of KAs.
Primarily included
informal questioning
and checking for
worksheets for
completion.
Both PSTs often
equated their students’
completion of a
worksheet and/or
activity (which were
often done in groups)
as sufficient evidence
they “understood the
material.”

Notable PCK
Knowledge of Science
Connections/
Curriculum (KSC)
Characteristics
● PSTs’ lesson plans
● The frequency, and
often included “ready- therefore strength, of
to-teach,” science
the relationship
instructional materials between KSU, KISR,
(evidence of both KSC and KAs is a salient
and KISR).
feature of many of the
● Evidence of PSTs’
two PSTs’ PCK Maps
KSC often included
over the year.
discussions around
● Both PSTs showed a
covering all of the
dramatic increase in
standards before the
their PCK Level during
end-of-course test
their second ST
administered by the
observation, which
state. (CxK)
coincided with teaching
● Jane’s KSC more
and filming their
frequently influenced
edTPA learning
her PCK than Hattie.
segment.

● The least integrated ● KISR was substantially ● KSU was substantially ●
component of her
lower than all other
lower than all other
PCK.
PSTs.
PSTs.
● Stated: Inquiry/
● Only a very limited
● Almost 40% of total
Activity-driven
number of instructional PCK Episodes did not
● Observed: Direct
strategies were
include KSU; (i.e.,
●
instruction using
observed over the ST
students’
videos with guided
semester.
knowledge/needs were
notes/worksheets and ● # of KISR connections often not an explicitly
bookwork (reading
higher on lessons they considered factor
chapter, answer
presumably mostly
while planning)
questions at the end of planned themselves
● Only PST to have a
the chapter); some
(Methods I & II class
complex PCK Episode
online labs and
assignments and the
(4+ components) that
simulations.
edTPA portfolio).
did not include KSU.

Many assessments
● Very limited evidence ● Fewest number of PCK
were primarily used to of KSC beyond citing
Episodes and lowest
evaluate students’
state science standards. PCK Level of any PST.
behavior rather than ● All curriculum
● Only PST that # of
assess their learning.
materials, lesson plans, KISR-KAs connections
Students were
the pacing of units,
was higher than KSUtypically given
formal assessments,
KISR.
worksheets or “task
etc. were provided to ● Very few, if any,
cards” to fill out while them by her CT and/or relationships between
completing an activity PLT.
components could be
such as reading a
● Evidence of k. of
identified in individual
science news article or vertical did not extend PCK Maps besides the
their textbook or
beyond, “I know they
edTPA, which they
completing an online
learned about cells in
scored just above the
lab or simulation.
middle school.”
institution’s cut-score.

CxK: Contextual Knowledge, CT = Cooperating Teacher, PLT = Professional Learning Team, ST = Student Teaching
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Piper’s Profile: Fractured PCK
Piper, age 22, began at Southern University as a biology major but switched majors after
her freshman year into the science education program focusing on secondary biology education.
In the background interview, Piper explained that while she had always been “good” at science
in elementary and middle school, it was not until she reached high school and had to get a
surgery on her knee that she developed a keen interest in science. Piper said of that experience,
“With the surgery, I got to interact with the surgeon, and he was super nice about letting me kind
of see everything. He even showed me a video of my surgery, and that's when I was like, "Oh, so
this is how science can actually apply to me." And that's what really got me into science” (Piper,
background interview). As a senior in high school, Piper took a class where she worked as a
teacher’s assistant/tutor in an elementary school. In addition to the early field experiences of her
teacher preparation program, Piper also had some informal science teaching experience working
as a camp counselor at a local natural science museum over the past several summers.
Context of Piper’s Methods II Field Experience/Student Teaching Placement
Piper’s Methods II and student teaching placement was at Capital High (pseudonym), a
large, public high school (grades 9-12) located in a suburb near Southern University. Capital
High is part of the local school district’s “STEM School Collaborative”, a group of schools
“dedicated toward planning and advocacy around science, technology, engineering and math”
(Piper, edTPA Context for Learning). Piper described the demographics of Capital High as a
“mix of the haves and the have nots” alluding to the wide range of socioeconomic backgrounds
of the student body (researcher’s field notes); around 40% of students receive free or reduced
lunch. Capital High offers a wide variety of Advanced Placement (AP) courses, including two
sections of AP Environmental Science and one section of AP Biology taught by Piper and her
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cooperating teacher (CT), Mrs. Lindeman. In addition to the three AP science sections, Piper and
her CT also taught two sections of biology, which included both “honors” and “academic”
students in the same class with the expectation honors students would be given additional
enrichment activities, and one section of earth science, which was a course primarily consisting
of 9th graders who were “not ready for biology” according to Piper’s CT (researcher’s field
notes, January 23rd, 2019). With four preps, including the expectation of creating differentiated
assignments for mixed-level biology courses, Piper’s student teaching placement included the
highest number of courses taught by any participant in the study (Table 3.2).
Characteristics of Piper’s PCK
Piper’s Orientations to Teaching Science
Figure 4.1, provided on the next page, includes all of Piper’s PCK Maps created over the
course of the study. Following Figure 4.1, Table 4.5 outlines the characteristics of Piper’s
identified PCK Episodes. As seen in Figure 4.1 and Table 4.5, Piper’s orientation to teaching
science (OTS) was the least integrated component of her PCK over her final year of teacher
preparation. Piper’s OTS was most frequently connected with her knowledge of instructional
strategies and knowledge of students’ understanding. In the background interview, when asked
how she would “describe her orientation or style of science teaching,” Piper responded as
follows,
I would say I like a more hands-on type of science. I like showing videos of real-world
stuff. And then having them kind of see how the material that we're learning about relates
to that so they can make a connection to it... I think that's huge because science relates to
everything. So I think kids need a lot of hands-on, like experiments and visual things to
learn. (Piper, background interview)
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Figure 4.1.
Piper’s PCK Maps
Methods I (2-Day Lesson)
PCK Episodes: 5 PCK Level: 11

Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 3 PCK Level: 9 PCK Episodes: 8 PCK Level: 14

Student Teaching Obs. #1
PCK Episodes: 2 PCK Level: 6

Student Teaching Obs. #2:
PCK Episodes: 3 PCK Level: 5

Student Teaching Obs. #3:
PCK Episodes: 2 PCK Level: 2

Student Teaching Obs. #4
edTPA Portfolio
PCK Episodes: 2 PCK Level: 2 PCK Episodes: 9 PCK Level: 36

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Table 4.5.
Characteristics of Piper’s PCK Episodes
Total
PCK
Episodes

KSU -

KSU -

KSU - 4+ PCK

KSU - KISR KISR - KISR - KISR - Comp.
Lesson/Course
OTS KISR KSU KAs KSC KISR - KAs KAs OTS KSC Episodes
Methods I
5
1
4
4
3
0
4
3
2
0
0
0
Methods II (FE)
3
1
3
2
2
1
2
2
1
1
1
1
Methods II (UP)
8
1
8
2
6
2
2
6
0
0
0
1
Student Teaching Obs. #1 2
0
2
2
1
1
2
1
1
0
1
0
Student Teaching Obs. #2 3
0
3
1
2
1
1
2
1
0
0
0
Student Teaching Obs. #3 2
0
2
1
1
0
1
1
0
0
0
0
Student Teaching Obs. #4 2
0
2
1
1
0
1
1
0
0
0
0
edTPA
9
3
9
8
6
3
8
6
5
3
2
3
Total
34
6
33
21
22
8
21
22
10
4
4
5
FE: Field Experience, UP: Unit Plan, OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional
Strategies, KSU: Knowledge of Students Understanding in Science, KAs: Knowledge of Assessment in Science,
KSC: Knowledge of Science Curriculum

While Piper’s response suggests she may have held a more activity-centered orientation toward
science teaching (Magnusson et al., 1999), Piper was never observed implementing a physical
“hands-on” lab-based investigation or activity throughout the entire study.
In Methods I & II, the instructional practices proposed by Piper in her 2-Day Lesson Plan
and Unit Plan and implemented during her field experience lessons were often characteristic of
an orientation that views teaching as telling and learning as listening. For example, Piper’s
Methods II Unit Plan included several short video clips students would watch while completing a
worksheet, to make sure students were “paying attention.” Later in the lesson, students would be
given a second worksheet to “see if they can apply what they learned” (Piper, Methods II Unit
Plan). Alternatively, several of Piper’s lessons also included activities where students complete a
worksheet while conducting research on a topic and/or completing online activities. While Piper
rarely taught by lecture using PowerPoint slides, an instructional practice often observed with
other participants, her instruction was still almost exclusively teacher rather than studentcentered. Piper’s students were typically given limited opportunities to interact with one another,
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and Piper, through assigning various videos, worksheets, or online modules, delivered the
majority of all science instruction.
During student teaching, Piper’s OTS was not explicitly integrated into any of her PCK
Maps; Piper was the only participant who did not make a single connection to OTS during her
student teaching semester. While OTS was never explicitly integrated, several of Piper’s
comments throughout the semester suggested that her orientations toward science teaching were
influenced by the desire/need to manage student behavior. In one interview, after telling a story
of how one student had run across the tops of the desk the day before, Piper stated, “Tomorrow
we are doing silent book work because these kids can’t handle labs” (Piper, student teaching preobservation interview #2). Later during her edTPA/final interview, when discussing how she felt
her orientation or style of teaching had changed, Piper commented this way.
I know you're not supposed to say this, but I feel like I want to do more direct
instruction...like just a tiny bit just to give them some background because they don’t pay
attention during book work...and then they don’t know what they are doing in any of the
activities afterward. So I feel like just doing a little presentation and just being like, “this
is what you're learning about,” would be helpful. (Piper, edTPA/final interview)
Piper’s Knowledge of Instructional Strategies and Representations
Piper’s knowledge of instructional strategies and representations (KISR) was the most
developed component of her PCK being integrated into all but one of her PCK Episodes.
However, Piper demonstrated the most limited understanding of KISR out of the six participants
during the one-year investigation, as shown in Table 4.3. This was particularly evident during the
student teaching semester, where Piper repeatedly implemented the same limited number of
instruction strategies during all four of the observed lessons. As discussed in the previous
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section, the instructional strategies Piper implemented primarily included the use of pre-made
worksheets in tandem with a video or online learning module. Less frequently, these two
instructional strategies were followed by Piper facilitating a class discussion about the material
the student had gone over earlier in class.
When considering how Piper’s KISR developed over the course of student teaching, it is
important to consider that through conversations with Piper, it was apparent she had been given
little autonomy or influence during the planning process of any of the courses she taught during
student teaching. Piper would receive copies of lesson plans from her CT or professional
learning team (PLT), along with all associated instructional materials, a few days before she
taught those lessons. Piper was rarely permitted to make any substantial changes to the
instructional strategies or activities in the lesson plans she had received. This was particularly
true for the two AP science courses, which she explained she only ever co-taught with her CT
and never took over teaching full-time (Piper, edTPA/final interview).
As participants receiving planning materials from a CT and PLT is common, PSTs were
often asked to discuss the ways in which they modified the instructional materials, or what
instructional strategies they would have preferred to use, as well as their rationale for those
changes during pre- and post-observation interviews. Alternatively, participants were also asked
to describe their reasoning if they stated that, even if given the opportunity, they would not have
made changes to the instructional materials and would have taught the lesson using the same
instructional strategies and activities initially proposed by their CT/PLT. Through these
conversations, connections between KISR and other components were often revealed. However,
during this type of questioning, Piper was seldom able to describe a specific alternate
instructional strategy they would have preferred to implement.
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In the post-observation interview following her Methods II field experience, when asked
what she would change about the lesson she taught about the water quality, Piper replied, “I
definitely would want to do more like a hands-on thing than just have them watch the video to
learn about water pollution.” When asked to give an example of what that may look like, Piper
said she “would try to find like a little experiment or model so that they [the students] could
actually kind of see how it [pollution] happens or like how it builds up.” She then went onto
explain how she would probably still show the video, but only parts of it. “And then I would try
to get them to go back and apply what they saw in the video to the model at the beginning of the
class just to try to like figure out” (Piper, Methods II field experience post-observation
interview). Following the fourth observation during student teaching, Piper gave a similarly
vague response when asked how she would modify the lesson she just taught (a lesson about
garbage patches in the ocean), “If I could go back and do it again, I would have tried to make
something myself that was more hands-on and had them getting to actually do stuff and figure
out what why this is what's happening.” Again, when prompted, Piper was unable to describe a
specific strategy or activity.
Looking at Table 4.2, it is evident that Piper’s KISR was higher for the lessons she
planned herself (e.g., Methods I 2-Day Lesson Plan, Methods II Unit Plan, edTPA learning
segment) than those where she had less influence over the planning process. Concerning the
edTPA, Piper said her CT gave her “complete control over” planning her learning segment
because her CT “understood how important it was and that I had to pass to get my license”
(Piper, edTPA/final interview). This increase in KISR in self-directed lessons seems reasonable
given Piper would have to utilize greater PCK to develop lessons on her own rather than merely
implementing lessons given to her by her CT or PLT.
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Piper’s Knowledge of Students’ Understanding of Science
Piper’s knowledge of students’ understanding (KSU) of science was the third most
connected component of her PCK. The number of episodes in which Piper explicitly integrated
KSU into her PCK (21 episodes) was substantially lower than that of the other preservice science
teachers (omitting Piper, Mean = 35.8 episodes) (Table 4.3).
During Methods I, while Piper did not describe any misconceptions she anticipated her
students might have regarding the topic she taught during her field placement (a lesson on
genetic disorders), she did demonstrate some understanding of potential student learning
difficulties stating,
I knew that inheritance of genes would be difficult for students to understand, even more
so when it comes to disorders, so I found a website to show them with some really great
graphics to look at to understand how the five disorders are passed down. (Piper,
Methods I field experience reflection)
In the previous passage, we also see an example of Piper integrating her KSU and knowledge of
instructional strategies and representations (KISR) into her PCK while planning for instruction.
The relationship between KSU and KISR is discussed in detail during a subsequent section of the
case analysis.
During the Methods II field experience and throughout student teaching, Piper was
seldom able to anticipate what her students would find difficult before teaching the lesson for the
first time. Piper did not describe a single misconception she anticipated her students might
possess during any of her student teaching pre-observation interviews. Piper also demonstrated a
very limited understanding of students’ prior academic knowledge relating to the concepts which
she taught. Piper often made statements which suggested she viewed her students as blank slates
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(e.g., “this is the first time they are seeing this” [Piper, student teaching pre-observation
interview #1]), even for topics which students probably have substantial previous experience
with, such as weather (in addition to weather being a real-world phenomenon that is readily
observed and students likely have many personal experiences with, weather and concepts related
to weather make up a substantial proportion of the middle school science curriculum of the state
[see NGSS Lead States, 2013]).
While the connection between KISR and KSU was the most frequently identified
relationship in Piper’s PCK Maps (Table 4.5; Figure 4.1), Piper’s PCK Maps also reveal how
often her understanding of students’ prior knowledge, needs, learning difficulties,
misconceptions, and/or interests was not explicitly demonstrated while describing her
pedagogical reasoning behind selecting a particular instructional strategy or activity. This can be
seen in the sizable proportion of PCK Episodes, almost 40% (13 out of 34 Episodes) throughout
the study, which do not integrate KSU and KISR (Table 4.5). For reference, Brooke connected
KSU and KISR in 85% of her PCK Episodes (Table 4.6). In Piper’s edTPA lessons, the
proportion of episodes that demonstrated an explicit connection between KSU and KISR was
dramatically higher (8 out of 9 episodes) than that revealed throughout student teaching (Table
4.5).
Piper’s Knowledge of Assessment
Piper’s knowledge of assessment (KAs) was the second most integrated component of
her PCK being integrated into approximately two-thirds of her PCK Episodes (Table 4.5). It is
perhaps noteworthy that Piper was the only participant whose number of KAs connected
episodes surpassed the number of KSU connected episodes they had over the year (Table 4.3).
Despite being the second most integrated component of her PCK, overall, Piper’s knowledge of
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assessment, even by her own admission, was quite limited. In the pre-observation interview
before her Methods II field experience, when asked “how will you come to know what your
students have learned,” Piper admitted, “I don't know that, like I took an assessment class and I
don’t feel like we necessarily hit how to know when your kids know it.”
During the Methods II field experience, Piper created a worksheet for students to fill-out
as they watched a documentary about the water crisis in Flint, Michigan. The worksheet
consisted of several fill in the blank statements and three final discussion questions, “What did
you learn from this documentary?”; “What did you find the most shocking about what you
saw?”; and “Why is having clean water important?” (Piper, Methods II field experience preobservation interview). As the video was shown, Piper circulated the room to “make sure they
were paying attention and not on their phones” (Piper, Methods II field experience postobservation interview). At the end of the video, students were given time to answer the three
discussion questions, and then Piper had students share out their responses as part of a class
discussion. In the post-observation interview, Piper was unsure if the worksheet was collected or
evaluated further. The assessments included in Piper’s Methods II Unit Plan also included a
worksheet that accompanied a YouTube video clip about pedigree charts, as well as several other
worksheets, all of which were clearly not created by Piper, including two Process Oriented
Guided Inquiry Learning (POGIL) activities taken from pogil.org.
During student teaching observations, while it was clear Piper understood it was
important to assess students’ learning, her lessons often did not contain any formal assessments.
Instead, Piper’s strategy to assess student learning primarily consisted of “walking around and
listening to students’ conversations” (student teaching pre-observation interview #1) and “asking
probing questions to check for understanding” (student teaching pre-observation interview #3).
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These questions we often low-level recall questions or checking on students’ progress (e.g., “Are
you struggling with anything?”, “How much more time do you need?” [researcher’s field notes,
February 26th, 2019]). When more formal potential assessments were included in Piper’s
lessons, again mostly worksheets, they were often not collected or evaluated further because they
were to be used by students as a “study guide” for a test or quiz the next day (Piper, student
teaching post-observation interview #3). According to Piper, all of the summative assessments
given to students during the student teaching semester were created by her CT or common
assessments developed by her PLT (field notes). Piper’s account of the difficulty she experienced
creating an assessment for Task Three of the edTPA is described in a later section of this chapter.
Piper’s Knowledge of Science Curriculum
Piper’s knowledge of science curriculum (KSC) was the second least integrated
component of her PCK. The majority of the instances of Piper’s KSU being integrated into her
PCK were related to her understanding and selection of curriculum materials, such as the
POGILs activities previously mentioned. Evidence of Piper’s knowledge of horizontal
curriculum was primarily limited to citing relevant state science standards in her Methods II Unit
Plan and edTPA lesson plans. These instances of KSC were rarely explicitly connected with any
other component of PCK, and thus, would not constitute an example of explicit PCK according
to the working definition of PCK of this study.
As alluded to earlier while discussing her knowledge of students’ understanding, Piper
demonstrated a minimal, almost non-existent understanding of the vertical science curriculum,
particularly with respect to what science concepts students are expected to learn in middle
school. Instances of evidence of Piper’s knowledge of vertical curriculum were always vague;
Piper often admitted she was unclear of the depth or breadth by which any of the topics were
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previously covered (e.g., “I know they learned about cells in middle school” [Methods II field
experience pre-observation interview], “I think they learned about climate change in eighth
grade” [student teaching pre-observation interview #2]). Overall, examples of Piper’s KSC were
infrequent, and there was little evidence that suggested Piper’s KSC developed over her final
year of student teaching.
Summary of Characteristics of Piper’s PCK
Overall, Piper’s PCK was weak and unstructured, having the fewest number of PCK
Episodes of all the participants, as indicated in Table 4.2. Few noteworthy relationships between
components of Piper’s PCK could be identified; the relationship between knowledge of
instructional strategies and representations (KISR) and knowledge of assessment, and between
KISR and knowledge of students’ understanding were the only two PCK connections with any
relative strength (Figure 4.1; Table 4.5). The lack of control Piper had while planning instruction,
as well as the number of different courses she taught, seemed to have impeded her PCK
development during the student teaching semester. The PCK revealed in her edTPA portfolio
represents a dramatic improvement over what had been observed throughout the student teaching
semester (Figure 4.1; Table 4.5). This finding will be discussed extensively in the section on the
influence of edTPA on PCK development later in this chapter.
Brooke’s Profile: Structured PCK
In her background interview, Brooke, age 22, spoke of how she had always enjoyed
science as a student because “we got to do more hands-on stuff in there.” In high school, Brooke
participated in a teacher cadet program, where she interned at a local elementary school. Initially,
Brooke had come to Southern University as an elementary education major because her parents
were both elementary teachers. However, upon entering the college of education, Brooke said

130
she quickly realized her passion was science teaching. Unable to decide on one particular science
area, Brooke “saw middle school as the perfect option” because she would be able to teach all of
the different science areas (Brooke, background interview).
Context of Brooke’s Methods II Field Experience/Student Teaching Placement
Brooke’s placement for her Methods II field experience and student teaching semester
(which are typically the same placement to allow student teachers to begin working with her
cooperating teachers (CT) the semester before student teaching) was in a seventh-grade science
classroom at Pioneer Academy (pseudonym), a small public magnet middle school located in a
rural area. In her context for learning, submitted as a part of the edTPA, Brooke described how
Pioneer Academy focused on personalized, often project-based learning and how it had only
been established two years ago. Student’s parents/guardians had to apply for their student to
attend Pioneer Academy as rising 6th graders, and each grade was limited to only 100 students
chosen by a lottery. Brooke’s CT, Mr. Garner (pseudonym), was a 25-year experienced high
school teacher but admitted he was still learning both middle school and project-based learning.
Throughout the student teaching semester, Brooke, on many occasions, commented on how Mr.
Garner was very supportive of trying new things and allowed her to have complete control over
lesson preparation.
Characteristics of Brooke’s PCK
Brooke’s Orientations to Teaching Science
Presented below, Figure 4.2 showcases Brooke’s PCK Maps at various points throughout the 1year investigation; Table 4.6, also presented below, summarizes the components integrated into
each one of Brooke’s PCK Episodes. As seen in Figure 4.2 and Table 4.6, Brooke’s orientations
to teaching science (OTS) was the least integrated component of her PCK over her final year of
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Figure 4.2.
Brooke’s PCK Maps
Methods I (2-Day Lesson)
Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 5 PCK Level: 12 PCK Episodes: 7 PCK Level: 25 PCK Episodes: 7 PCK Level: 20

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 3 PCK Level: 14 PCK Episodes: 4 PCK Level: 17 PCK Episodes: 4 PCK Level: 15

Student Teaching Obs. #4
N/A

edTPA Portfolio
PCK Episodes: 11 PCK Level: 37

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Table 4.6.
Characteristics of Brooke’s PCK Episodes
Total
PCK
Episodes

KSU - KSU - KSU - 4+ PCK
KSU - KISR - KISR - KISR - KISR - Comp.
KISR
KAs
KAs
OTS
KSC Episodes

Lesson/Course
OTS KISR KSU KAs KSC
Methods I
5
0
5
3
4
1
3
4
2
0
1
1
Methods II (FE)
7
3
7
7
3
2
7
3
3
3
2
3
Methods II (UP)
7
1
7
5
7
0
5
7
5
1
0
1
Student Teaching Obs. #1
3
1
2
2
2
1
2
1
1
1
1
1
Student Teaching Obs. #2
4
1
4
4
2
2
4
2
2
1
2
1
Student Teaching Obs. #3
4
1
4
4
2
1
4
2
2
1
1
1
edTPA
11
2
11
11
6
2
11
6
6
2
2
2
Total
41
9
40
36
26
11
35
26
21
9
9
10
FE: Field Experience, UP: Unit Plan, OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional
Strategies, KSU: Knowledge of Students Understanding in Science, KAs: Knowledge of Assessment in Science,
KSC: Knowledge of Science Curriculum

teacher preparation only being incorporated into less than a quarter of her PCK Episodes. When
Brooke was asked how she believed students best learn science during the background interview,
she responded saying,
I'd say partially by discovering it on their own. In our class [Methods II], we were just
talking about how just playing, before they get into the in-depth science part of it, is
sometimes just as important as writing the hypothesis, the procedures, and all of that.
Because discovery is how they learn as children, and that's how they're used to learning.
So I think bringing that wonder and inquiry and excitement to science is just another way
to get them learning because if they're excited, they're going to be learning something.
(Brooke, background interview).
While Brooke did not have the highest number of PCK Episodes which included OTS of
all the participants, Brooke discussed her beliefs about the goals and purposes of teaching
science during class assignments, written reflections, and pre- and post-observation interviews
more often than any other PST. In the rationale paper associated with the Methods I 2-Day
Lesson Plan assignment, Brooke explained,
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I think that the lessons will support students’ learning of the targeted concepts through
inquiry. The students are applying the knowledge of concepts to real-world examples and
are putting their ideas into practice. One of the most important things students take away
from this lesson is the ability to choose a healthy lifestyle and to identify fad diets that
may be promoted by less than credible sources. This is important for eighth-graders as
they are becoming more and more aware of their body and how to fuel it. (Brooke,
Methods I 2-Day lesson plan)
As discussed earlier, the school where Brooke was placed for student teaching was a
magnet school with a focus on project-based learning; this focus on student-centered instruction
was well-aligned with Brooke’s own orientations to science teaching. During the observations
conducted over the student teaching semester, Brooke’s instructional practices were
characteristic of student-centered orientations toward science teaching (e.g., inquiry, projectbased learning) (Magnusson et al., 1999). Brooke was seldom seen delivering instruction at the
front of the classroom unless it was to introduce an investigation or project; instead, she was seen
circulating the room guiding students through the day’s activities. Unlike other participants,
Brooke never once complained about a misalignment between how she would want to teach a
concept and how she was instructed, or even required to teach a concept by her CT, a
professional learning team (PLT), and/or school or district administrator(s).
It is perhaps noteworthy, that while reviewing Brooke’s edTPA portfolio before
submission, there was some concern by her student teaching supervisor and science education
program director at Southern University that the videos Brooke had selected to submit could
possibly receive a condition code as it was often challenging to locate Brooke in the two clips;
Brooke would often crouch down or sit at students’ tables while working with groups of
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students. Further, in one of the two videos, Brooke could only be heard speaking one time with
the rest of the audio being students speaking to each other. Believing that both of the video clips
highlighted the student-centered nature of her classroom, Brooke ultimately decided to submit
the two clips she had initially selected. Brooke did not receive a condition code but instead was
one of the four participants who earned a mastery level edTPA score (48+ on a 15-rubric
edTPA).
Brooke’s Knowledge of Instructional Strategies and Representations
Brooke’s knowledge of instructional strategies and representations (KISR) was the most
commonly integrated, and therefore the most developed component of Brooke’s PCK (Table
4.6). Brooke made a connection to KISR in 40 of her 41 PCK episodes throughout the study
(Table 4.6). Unlike other participant’s lessons, which often featured largely unmodified
instructional materials acquired from their CT or PLT, the internet (e.g., teachers pay teachers,
learn.genetics.utah.edu), and other sources of “ready to teach” lessons (e.g., Flinn Scientific,
Carolina Biological Supply, the POGIL project [see pogil.org]), Brooke’s lessons often included
instructional materials which she had created herself. Brooke explained that while she often drew
inspiration from instructional materials she found on the internet, she would combine elements of
various instructional materials to create new curricula she felt better served her students’ needs
(knowledge of students’ understanding [KSU]) and the purposes of her instruction (orientations
to teaching science [OTS]). These created instructional materials were typically multi-faceted
inquiry investigations which students would complete in groups for several days (researchers
field notes, March 1st, 2019).
For example, Brooke’s Methods II Unit Plan, which was later modified to be part of her
edTPA portfolio, had students fill out a “Claim-Evidence-Reasoning” chart while completing a
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series of inquiry-based investigations for several days. During the first lesson, students complete
four stations that investigate the variability of height within humans. At the first station, students
would compare their height to celebrities. At the second station, students analyze the differences
in height between five countries over the past two centuries. At the third station, students would
measure and record their height on a class graph. Finally, in the final station, students would be
given links to websites to research the various factors which lead to variation in human height
(Brooke, Methods II Unit Plan).
In the next lesson, Brooke had the students model mitosis and meiosis using pool
noodles. Students then began a project where they were asked to create models of mitosis and
meiosis, which they would present to the class at the end of the following day. Students add to
the Claim-Evidence-Reasoning charts as they work in groups creating the models. (Note: The
second student workday on the models and sequent student presentations were observed during
the first observation of the student teaching semester). The third and fourth lessons of the Unit
Plan included an investigation featuring pedigree charts (the activity seen in the edTPA video
clips) and a case study about the NASA twin study. Again, students fill out their ClaimEvidence-Reasoning chart.
The fifth and final lesson was a performance assessment where students were to propose
an intervention to reduce environmental factors that negatively impact biological inheritance and
survival. Brooke’s Methods II Unit Plan featured the same number of required lesson plans as
other participants, five. However, while other participant’s lessons typically spanned five days
or roughly 5- 8 hours of instruction, Brooke’s lessons were anticipated to require closer to ten
days or 12 hours of instruction to complete, with a substantial proportion of time being allotted
for students to work together on their projects.
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Brooke’s instruction observed during student teaching was characteristic of the type of
instruction included in her Methods II Unit Plan described above. It is important to consider that
the characteristics of Brooke’s instruction, which often featured extended student-led projects,
likely resulted in Brooke having fewer PCK Episodes per lesson than other PSTs, which often
repeated similar generic instructional strategies every lesson (e.g., starter questions, exit tickets).
Overall, throughout the year, Brooke was observed implementing the most extensive variety of
instructional strategies and activities of any of the six participants.
Brooke’s Knowledge of Students’ Understanding of Science
Brooke’s knowledge of students’ understanding (KSU) of science was the second most
integrated component of Brooke’s PCK (Table 4.6). Similar to other participants, Brooke
initially struggled to identify students’ misconceptions and learning difficulties before teaching
the concept for the first time. In Methods I, Brooke did not anticipate students would have any
misconceptions about the topic she selected to teach to a group of eighth-graders, fad diets, and
basal metabolic rate. However, Brooke did anticipate students might struggle to calculate their
own basal metabolic rate and provided students with a handout explaining how to do so (an
example of an explicit connection between Brooke’s KSU and KISR).
In the interview before teaching her Methods II field experience lesson, Brooke
frequently stated that she intended to “monitor for alternative conceptions”; however, when
prompted to describe a misconception she anticipated her students might have, she was unable to
give an explicit example of misconception and instead said her students “did not understand
photosynthesis from sixth grade.” Regarding her understanding of students’ prior knowledge and
current level of understanding, Brooke often utilized her knowledge of science curriculum
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(specifically, her knowledge of vertical curriculum) to inform her KSU. For example, when
describing what she expected her students already knew about protists, Brooke explained,
Yeah, so this definitely fits into what they did in sixth grade because they did a little bit
with plant cells and a little bit with animal cells. So that's bringing in their prior
knowledge from that...So, if I give them as one of my pieces of evidence, a picture of a
cell under a microscope, they're gonna be able to say, “Oh, that's a cell!” But I think
there's still gonna be a big jump because they don’t know about the specifics of the
organelles and things like that yet. (Brooke, Methods II field experience pre-observation
interview)
Throughout the study, Brooke was the participant who most frequently described how
she attempted to incorporate her students’ motivations and interests in her instruction. Many of
Brooke’s class activities, particularly projects and performance-based assessments, offered
students multiple ways they could choose to complete an assignment. This allowed students to
tailor their class assignments to align with their own interests and/or instructional preferences or
mode of assessment. After her first student teaching observation, Brooke commented,
Many of my students have indicated they want to have a lot of choices when completing
an assignment and opportunities to be creative, which I think is crucial. So my students
are given choices on how they complete or present their final products [models of mitosis
and meiosis]. We have one student who's amazing at animation and loves to do it, but
doesn't have an opportunity to do it very often at school. So, of course, I made sure that
was on the list of choices and saw his face light up when he saw he could do that.
(Brooke, student teaching post-observation interview #1)
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The passage above was taken from a PCK Episode among KSU, knowledge of instructional
strategies and representations (KISR), and orientations to teaching science (OTS). The
connection among those three components was frequently identified through Brooke’s PCK
Maps, as shown in Table 4.6.
Brooke’s Knowledge of Assessment
In the initial background interview, when asked what she saw as her greatest area for
improvement in her teaching, Brooke quickly responded,
Questioning. That has been a hard thing for me; I never know how to go about it without
interrupting the students’ thought process, but also getting that formative assessment that
I need as a teacher to see where they are. (Brooke, background interview)
Later, in the pre-observation interview for her Methods II field experience lesson, Brooke was
asked how she planned to assess student learning during her instruction. Brooke reiterated her
concern about her questioning skills as follows.
Yeah, so that goes back to that questioning part that I still struggle with. And I'm working
on that as well. I've been writing questions that I can have in my back pocket, but I
definitely want to just talk to each group and ask them, "What have you figured out so
far?” “What's the difference between the two sides of your diagram?" "Can you point that
out to me on your paper?" "Why did you put this one in a different category than this
one?” “What was your thought process there?” (Brooke, Methods II field experience preobservation interview).
Despite Brooke’s initial admitted weakness with questioning, the majority of her
assessments observed throughout the study consisted of asking students probing questions as
they worked on class assignments and projects. In addition to informal formative assessments,

139
Brooke’s instruction often included a variety of more formal, but still formative, written
assessments such as the Claim-Evidence-Reasoning chart mentioned previously, as well as
various exit tickets and worksheets associated with other activities completed in class. In the
interview following the third observation during the student teaching semester, Brooke explained
how she and her CT often utilized online versions of student work to assess students’
understanding as they require students to share all documents with them. Brooke explained,
They [the students] do not like to write things down with a pencil or pen. But sometimes
they're more receptive to writing online, which is why we typically have an online option
for most assignments. It also lets us see what they are thinking about as they work on
things in groups. I probably should have given them an online option for the thinking
organizer/note-taking part of this lesson because there were a couple of them that just
didn't write anything down. So that was one thing that I would probably change in terms
of how to better assess them in the future. (Brooke, student teaching post-observation
interview #3)
Unlike other participants, Brooke’s enacted instruction frequently utilized performance
and project-based assessments as both a formative and summative means of assessing students’
understanding. It is also important to note that while all PSTs were required to design a
performance assessment for their Methods I Assessment project and Methods II Unit Plan,
Brooke was the only participant who actually went on to implement either of those planned
assessments in their student teaching classroom. In addition, it was clear through multiple
conversations with Brooke and her CT that traditional summative assessments, such as tests and
quizzes, were seldom used at Pioneer Academy, which utilized a standards-based grading
system.
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Brooke’s Knowledge of Science Curriculum
Knowledge of science curriculum (KSC) was the second least frequently integrated
component of Brooke’s PCK. In Methods I, evidence of KSC was limited to Brooke citing the
NGSS and state science standards her 2-Day Lesson Plan was intended to cover. Later, in
Methods II, evidence of KSC increased slightly as Brooke not only referenced science standards
relevant to the content she was to teach but also described how those topics were related to one
another (knowledge of horizontal curriculum). Brooke also demonstrated a limited, yet
developing, understanding of science standards for the grade levels below her teaching
placement (knowledge of vertical curriculum). This assertion is supported by Brooke frequently
describing how concepts taught in previous grade levels related to the concepts they were
planning to teach; an example of this was given previously while describing the characteristics of
Brooke’s knowledge of students’ understanding (KSU) (see page 137). Most episodes in which
Brooke incorporated KSC into her PCK were identified when her knowledge of horizontal and
vertical curriculum informed or enhanced her KSU, which in turn often influenced her selection
of instructional strategies (KISR). This relationship between KSU-KISR-KSC was identified
among several of the PSTs and is discussed in greater detail in a subsequent section of this
chapter.
Evidence of the relationship between KSC and KSU continued to increase throughout her
student teaching semester as Brooke continued to demonstrate a more robust understanding of
the vertical science curriculum. In the interview before her first student teaching observation,
Brooke spoke at length about recent conversations she had with her CT about the standards
covered in their next unit, both the standards within their grade level as well as previous grade
levels and looking forward to high school. In this interview, as shown in the quotation below,
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Brooke also demonstrated evidence of curricular saliency (Geddis et al., 1993) when she
mentioned that she had been modifying portions of her Methods II unit plan to be used as her
edTPA learning segment; in particular, Brooke discussed how she felt what she had planned
earlier did not fit within the scope and sequence of the seventh-grade curriculum. This feature is
nicely captured in the following quotation:
So we looked at our curriculum as a whole, and we decided for this standard, we are
going to make the mitosis and meiosis models a two-day activity rather than a longer
project. They just spent several weeks on a body systems PBL project, and we want
enough time to cover genetics, so this is only going to be an activity, not a project. We're
not focusing on the phases because that isn’t in the 7th grade standards...we're just
focusing on the big picture of “how do chromosomes replicate?” and making sure they
understand the vocabulary... such as “parent cell” and “daughter cell.” They’ll learn the
individual phases, prophase metaphase, anaphase, telophase later in [high school]
biology... so we're building background knowledge for them to get to that. (Brooke,
student teaching pre-observation interview #1)
Summary of Characteristics of Brooke’s PCK
Compared to other members of her teacher preparation cohort, Brooke’s PCK was more
structured, with a greater number of notable relationships between components being
identifiable. Brooke has the most complex PCK episodes, episodes that connect four or more
components, of all the participants. Brooke stood out because of the clear alignment between her
stated orientation to teaching science (inquiry/project-based learning) and the characteristics of
her instruction. Brooke frequently made clear connections between multiple aspects of the
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knowledge of students (e.g., prior knowledge, interests/assets, learning needs) and her selection
and adaptation of instructional strategies and activities (KISR).
Characteristics of Preservice Science Teachers’ PCK: Case Analysis
Presented below, Figure 4.3 features average PCK Maps of the six PSTs throughout the final
year of their teacher education program. These PCK Maps were created based on the results
presented in Table 4.3 and Appendix I. As seen by the PCK Maps in Figure 4.3, the overall
quality of the PST’s PCK was weak and fragmented. While no consistent pattern of PCK
development was discernible through analyzing participant’s PCK Maps (Appendix I; Figure
4.3), further within-case analysis revealed five emerging themes regarding common
characteristics of preservice science teachers’ PCK and PCK development over the course of
their final year of teacher preparation: (1) PSTs’ orientations to teaching science remained
relatively stable and rarely influenced their PCK or instructional practice; (2) PSTs’ knowledge
of students’ understanding (KSU) was limited but developed through teaching experience, in
association with their knowledge of assessments (KAs); (3) some aspects of PSTs’ KSU
developed through the integration of their knowledge of science curriculum; (4) the relationship
between KSU and knowledge of instructional strategies and representations was central to PSTs’
PCK; and finally, (5) despite being frequently integrated into their PCK, PSTs’ understanding of
assessment methods and the purposes of assessment were limited. What follows is a detailed
description of each theme presented as an assertion.
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Figure 4.3
Average PCK Maps of Six PSTs During Their Final Year of Teacher Preparation
Methods I (2-Day Lesson)
Methods II (Field Experience)
PCK Episodes: 4 PCK Level: 14 PCK Episodes: 5 PCK Level:15

Methods II (Unit Plan)
PCK Episodes: 9 PCK Level:17

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 4 PCK Level: 12 PCK Episodes: 5 PCK Level: 15 PCK Episodes: 4 PCK Level: 12

Student Teaching Obs. #4
N/A

edTPA Portfolio
PCK Episodes: 11 PCK Level: 36

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Assertion #1: PSTs’ Orientations to Teaching Science Remained Relatively Stable and Rarely
Influenced Their PCK or Instructional Practice
As revealed by participants’ PCK Maps in Appendix I, orientations to teaching science
(OTS) was the least integrated component in PSTs’ PCK. OTS was only incorporated into
approximately one out of every six PCK Episodes, as shown in Table 4.3. OTS was more
frequently connected with knowledge of instructional strategies and representations (KISR) and
knowledge of students’ understanding (KSU) than other components (Table 4.3; Appendix I). Of
the nine orientations identified in Magnusson et al. (1999), inquiry was the most frequently
stated, and often the only, orientation explicitly mentioned by participants in their Methods I & II
assignments, written reflections, pre- and post-observation interviews, and edTPA materials.
However, PSTs’ stated orientations and beliefs about learning and teaching science were often
not aligned with the characteristics of their enacted instruction where teacher-centered, direct
instruction was frequently observed (Table 4.4). A notable exception to this assertion was
Brooke, whose instructional practices were well aligned with their stated beliefs.
PSTs’ initial beliefs about learning and teaching science were primarily grounded in their
own experiences of when they felt they had best learned science as a student. PSTs often
described hands-on, inquiry-based activities they had participated in and times their teachers had
related science to their own interests. While the PSTs unanimously agreed they had developed a
deeper understanding of science through student-centered instruction, it was clear from their
background interviews that they had rarely been taught science in that manner while they were in
school. In turn, most PSTs held an OTS that equated teaching with telling and learning as
primarily listening, and to a lesser degree, “doing” referring to labs and hands-on activities. This
was seen as PSTs often described what constitutes effective science teaching in terms of a
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teacher’s ability to provide clear descriptions and explanations of science concepts and provide
their students with interesting ‘real-world’ examples of the concepts being taught. Similarly,
PSTs often only discussed lab-based activities in terms of how they provide students with
“important opportunities to practice or do science" rather than as valuable learning opportunities
in and of themselves (Jane, background interview).
For many participants, including Charlotte, the PST who integrated OTS into the greatest
number of PCK Episodes, instances of OTS influencing their PCK were frequently revealed in
post-observation interviews and reflective writings when PSTs were asked to discuss the changes
they would make if they had the opportunity to plan and teach the concept again. This was
especially true when a PST’s OTS conflicted with the characteristics of instruction outlined in a
lesson plan given to them by their CT or PLT.
Below Table 4.7 summarizes the frequency each component of PCK was identified and
coded in the data sources at each of the checkpoints during the PSTs’ final year of teacher
preparation; the complete set of data is found in Appendix J. In general, as noted in Table 4.7,
while the frequency at which participants discussed their orientations and beliefs about science
teaching gradually decreased, their OTS remained relatively unchanged during their final year of
teacher preparation. This aspect is more clearly observed when the frequency of each PCK
component in all identified PCK Episodes in Table 4.7 is converted into a graph presented in
Figure 4.4. (Note: While the edTPA is presented last in Figure 4.4, the edTPA creation process
spans almost the entire student teaching semester with most PSTs filming their edTPA lessons
around week 6 - 9 of the 15-week clinical teaching experience. The Methods II Unit Plan was
omitted from Figure 4.4 because it was never actually enacted by many of the participants). The
assertion that PSTs’ orientations and beliefs remained relatively stable is further supported by the
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results of the three teacher belief surveys which varied very little during their final year of
teacher preparation.
Table 4.7
Summary of Instances of Evidence of PCK Components for All Six Participants
Methods II
Student Teaching
Obs. #1
Obs. #2
Obs. #3 edTPA† Total
Methods I† Field Exp. Unit Plan†
OTS
36
37
4
13
11
11
24
136
KISR 151
93
218
94
87
72
340
1055
KSU
79
68
63
90
103
77
279
759
KAs
56
27
127
27
37
33
139
446
KSC
32
31
52
34
55
31
42
277
KSU-KISR
23
25
27
18
24
18
60
195
KSU-KISR-KAs
13
9
20
11
12
9
31
105
KSU-KISR-KSC
5
7
0
5
11
5
14
47
Total PCK Episodes
26
31
55
23
27
23
67
252
Complex PCK Eps.
6
6
2
3
5
4
16
42
OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum †=
Checkpoint included more than one lesson; the Methods I materials included a 2-day lesson plan, the Methods II
Unit Plan included five days of lesson plans, and the edTPA portfolio included 3-5 days (mean= 3.33 days) of lesson
plans.

Figure 4.4
Frequency of Evidence of PCK Components during PSTs’ Final Year of Teacher Preparation

Note: To ease comparison between the various checkpoints, the frequency of codes for each PCK component is
divided by the number of lessons included at each checkpoint.
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Over the course of student teaching, some of the teacher candidates did seem to become
more accepting of the often teacher-centered lesson plans and instructional materials provided to
them by their CTs. Similar to Piper’s participant profile earlier, this slight shift in PSTs’ OTS
seemed to be primarily influenced by their experiences not being able to manage student
behavior during labs and other hands-on activities rather a change in their beliefs about how
science is best taught and learned. Also, in the edTPA/final interview, a few of the PSTs
questioned the practicality of the frequent use of inquiry-based instruction, citing concerns
stemming from their understanding of knowledge of science curriculum and knowledge of
context. Specifically, the PSTs stated they did not believe it would be possible to “cover all the
material” (Jane, edTPA/final interview) their students would be tested on at the end of the year
and expressed their concern of the relative cost of inquiry-based instruction in light of many
school’s science budgets. The following excerpt from Jane’s edTPA/final interview nicely
captures this feature.
I feel like the whole inquiry-based thing like yeah, I'm totally for it. But doing inquiry for
everything is super hard… and not just because we obviously don't have any money… or
because you don't have the time for it. But it's a lot of chaos at first, especially in a
classroom of 32 kids, that all are trying to do different things...and so that can be
frustrating. So not that inquiry is like impossible, it's just hard to do with some things.
(Jane, edTPA/final interview)
Assertion #2: PSTs’ Knowledge of Students’ Understanding Was Limited but Developed
Through Teaching Experience, in Association with Their Knowledge of Assessment
Knowledge of students’ understanding (KSU) of science is an important component of
PCK as it is the knowledge a teacher must have about their students to help them develop
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scientific knowledge (Magnusson et al., 1999). At the beginning of their final year of teacher
preparation, all PSTs demonstrated a weak understanding of students’ understanding of science.
This was evident by their frequent, often gross over- and under-estimation of students’ prior
knowledge, misconceptions/learning difficulties, and cognitive development/abilities. In
Methods I, PSTs’ limited KSU was often evident in their lesson plans through their inaccurate
estimations of how long it would take students to complete various complex instructional
activities. Elliott, the PST who ultimately demonstrated the greatest growth and overall
understanding of KSU over the year (Table 4.2; Table 4.3), provided a noteworthy example of
this in her 2-Day Lesson Plan about the scale and properties of objects in the solar system. One
of Elliott's lesson plans included an activity where sixth-grade students would create a scale
model of the solar system in the hallway of the school using meter sticks and masking tape. The
lesson plan stated students would be responsible for looking up the distance between planets
using laptops in the classroom or on their own devices, selecting an appropriate conversion ratio
given the length of the schools’ hallway (e.g., 10,000,000:1 vs. 1,000,000,000:1), and finally
calculating the distances the planets should be placed in the hallway using that ratio. Elliott
acknowledged that “students may struggle with doing the conversions if they haven’t done them
in math recently,” and she proposed students be put in groups so they would be able to work
together (Elliott, 2-Day Lesson Plan). (Note: According to the state’s math standards, which are
based on the Common Core State Standards [National Governors Association Center for Best
Practices, Council of Chief State School Officers, 2010], students are taught about unit ratios in
sixth grade; however, the examples given in the state standard are of more developmentally
appropriate scales [e.g., 2:1 and 100:1] than those necessary to create a scale model of the solar
system [see CCSS.MATH.CONTENT.6.RP.A.1; CCSS.MATH.CONTENT.6.RP.A.3]).
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Seemingly unaware of the extreme difficulty of the activity given students’ prior knowledge and
developmental level, Elliott further demonstrated a lack of KSU by anticipating this proposed
activity could be completed in 32 minutes (Elliott, Methods I 2-Day Lesson Plan assignment).
During Methods II and throughout student teaching, PSTs would often mention the
importance of “checking for misconceptions” among their students in pre-observation interviews
and their submitted lesson plans (evidence a connection between PSTs’ KSU and knowledge of
assessment [KAs]). However, when prompted to give an example of a misconception or learning
difficulty they anticipate students might have during their next lesson, PSTs were frequently
unable to do so and/or their responses were nondescript. For example, before Elliott’s third
student teaching observation, a lesson about natural selection which featured the classic example
of the peppered moth, Elliott stated that she believed the concept was “pretty straight forward”
and did not anticipate students having any difficulty understanding the material apart from “they
may struggle with the vocabulary” (Elliott, student teaching pre-observation interview #3). Later,
during the post-observation interview, Elliott recognized that many of the students had struggled
to understand the concept of natural selection and gave several examples of the students’
misconceptions and learning difficulties, which were revealed through her formative
assessments. Here we see one of the numerous examples identified throughout this investigation
of where a PST’s KSU developed in association with their knowledge of assessment.
In general, PSTs were mostly unable to anticipate misconceptions and/or learning
difficulties students may have until they had the opportunity to teach a lesson and, at least
informally, assess students' understanding for the first time. A comment below that Jane made
during an interview following one of her student teaching observations supports that assertion.
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I did not expect them to understand ATP so well. Like they understood that immediately.
So that part didn’t take as long, but then they did not understand the simulation… which I
thought was the easy part! This is the first time I'm teaching any of this stuff. So like, it's
difficult trying to plan stuff, and then actually executing is so different from my plans
because I just don’t know what they are going to struggle with. So it always goes a lot
more smoothly in second block than in first. (Jane, student teaching post-observation
interview #2)
PSTs’ inability to estimate the timing of their lessons, which, by their own admission, seemed to
be primarily influenced by their limited understanding of their students, was the most frequently
stated area of weakness in their teaching practice discussed during the edTPA/final interview.
Assertion #3: Some Aspects of PSTs’ Knowledge of Students’ Understanding Developed
Through the Integration of Their Knowledge of Science Curriculum
While PSTs’ ability to anticipate students’ misconceptions and learning difficulties
during planning remained relatively unchanged, their understanding of students’ prior
knowledge, developmental level, and motivations/interests did improve, particularly over the
student teaching semester. PSTs’ understanding of students’ prior knowledge was often
developed in connection with their knowledge of science curriculum (KSC). This pattern is
supported by Figure 4.4 in that the frequency of evidence of KSC and KSU were proportional to
one another. Specifically, PSTs who demonstrated a robust understanding of vertical science
curriculum were frequently able to describe their students' prior knowledge of science concepts
related to their planned lesson by drawing on their understanding of what students should have
been taught, and presumably learned, during previous grades and other content areas (most often
math). For example, before the third observation during student teaching, Charlotte discussed
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how her students had “learned a little bit about genetics in fifth grade.” She then went on to
describe her students’ understanding of genetics, including how students “know what DNA is but
they will probably struggle understanding that DNA is in every cell in their body” (Charlotte,
student teaching pre-observation interview #3). Charlotte also commented that many students
used the words “pure” and “mixed” when discussing traits related to heredity and while making
Punnett squares. She went on to suggest that “those must have been the words their 5th-grade
teachers used” (Charlotte, student teaching pre-observation interview #3).
In addition to connecting KSU and KSC, PSTs would often then go on to explain how
their understanding of students influenced their instruction; an example of the integration of their
KSU, KSC, and knowledge of instructional strategies and representation (KISR). The
relationship between KSU-KISR-KSU was more pronounced among the three middle school
teacher candidates (i.e., Elliott, Brooke, and Charlotte) than the high school teacher candidates
(i.e., Jane, Hattie, and Piper) as shown in Table 4.3. The middle school candidates' understanding
of KSC and KSU seemed to be, at least in part, developed through their participation in multiple
professional learning teams (PLTs). The middle school teacher candidates all described
participating in grade-level interdisciplinary (i.e., 7th-grade teachers with the same cohort of
students), intergrade-level science (i.e., all 6th, 7th, and 8th-grade science teachers), and gradelevel science PLTs (i.e., only 7th-grade science teachers). Elliott, the PST who had the highest
number of KSU-KISR-KSC connected PCK Episodes (Table 4.3), described how she and her CT
met with the intergrade-level science PLT before planning a short unit on biotechnology (e.g.,
genetically modified organisms (GMOs), cloning, the use of stem cells), which Elliott went onto
use as her edTPA learning segment. Elliott explained,
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We had a PLT meeting this morning, and we were talking to the seventh-grade science
teachers...and they were saying they covered cells last year in seventh grade. They said
they went all the way into the different organelles, like cytoplasm, ribosomes, and
mitochondria. So since they did all of that stuff last year, they [the students] don't
necessarily need the base stuff again so we can talk about it in this context in more depth.
(Elliott, student teaching pre-observation interview #2)
The high school level teacher candidates, who all demonstrated a lower KSU and made fewer
connections between KSU, KISR, and KSC (Table 4.3), also discussed participating in PLTs but
only at the science subject-level (i.e., only biology teachers).
Assertion #4: The Relationship between KSU and KISR was Central to PSTs’ PCK
The most salient characteristic identified in PST’s PCK Maps (Appendix I) was the
strength of the relationship between PSTs’ knowledge of students’ understanding (KSU) and
knowledge of instructional strategies and representations (KISR). In total, KSU and KISR were
explicitly connected in 200 of the 258 PCK Episodes identified in this investigation; all PCK
Episodes integrated at least one of the two components. The relationship between KISR and
KSU was overall the strongest and most consistent characteristic of all six PST’s PCK (Table
4.3; Appendix I). In PST’s PCK Maps, KSU-KISR was often the only connection with any
relative strength, with other components being integrated far less frequently (Appendix I). Table
4.7 and Figure 4.4 also support the assertion that KISR and KSU were central to PSTs’ PCK;
together, these two components comprised almost 70% of all evidence of PCK (1814 out of 2673
instances) coded throughout this study.
KSU and KISR were also central to several other notable patterns identified in PST’s
PCK Maps, such as the relationships between KSU-KISR and knowledge of assessment (KAs),
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orientations to teaching science (OTS), and knowledge of science curriculum (KSC) (Table 4.3;
Appendix I). Also, all but one of the 42 complex PCK Episodes, episodes that explicitly integrate
four or more PCK components, included both KSU and KISR (Appendix I). An example of the
connection between KISR and KSU from Jane’s edTPA portfolio is provided below,
A concept students struggled with was understanding the differences between diffusion,
osmosis, facilitated diffusion, and active transport. This is difficult for students because
we are already talking about cells, which are microscopic, and then we are focusing in
even further on a small section of cell membrane [KSU]. To help students understand the
difference between the types of transport, I used a model of a hill diagram to explain to
students the different types of active transport. I refer to this model to help students
understand that it takes energy to move a rock up a hill, just like it takes energy to move
particles against the concentration gradient [KISR]. (Jane, edTPA Task Two: Instruction
commentary)
Given teachers should be able to plan and tailor instructional strategies around their
students’ prior knowledge, needs, interests, developmental level, and to address misconceptions
and/or learning difficulties, the strength of the relationship between KSU-KISR seems
reasonable and was anticipated. What was perhaps unexpected was how often PST’s stated
rationale for an instructional strategy did not include issues relating to their knowledge of
students. Looking at Table 4.3, we see that in 55 out of 255 PCK Episodes, or roughly 20%,
PSTs described an instructional strategy or activity (KISR) did not include an explicit connection
with their KSU.
As suggested in Table 4.7, initially, during Methods I & II, the vast majority of all coded
evidence of PST’s PCK was related to their KISR. In PST’s Method I 2-day lesson plans,
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approximately 100 separate instructional strategies and activities were described between the six
participants; however, in Methods I PCK Maps (Appendix I), we see only 23 PCK Episodes
explicitly connected KISR to KSU. In other words, the vast majority of instructional strategies
and activities described by PSTs were not accompanied by any kind of rationale which supported
why the strategy or activity would be appropriate given their students’ prior knowledge, needs,
misconceptions, and/or learning difficulties. To be clear, that is not to say their proposed
instructional strategies were necessarily inappropriate, just simply that their rationale did not
include issues relating to KSU, a hallmark of quality PCK.
Instead, PST’s stated rationale for selecting an instructional strategy or activity often
included factors such as managing student behavior, time available for instruction, the cost of
instructional materials, fulfilling the requirement of their Methods course, avoiding conflict with
their CT, wanting to try a new instructional technology, or simply because they thought an
activity “looked interesting” (Hattie, Methods I field experience reflection). Alternately, PSTs
would also frequently describe students’ prior knowledge, learning needs, and/or students’
misconceptions/learning difficulties [KSU], often at length, but then not go on to justify how
their lesson plans addressed their students’ needs.
Throughout student teaching, including in the edTPA portfolio, while unconnected
instances of KSU were still common, participants’ rationale for their instructional strategies
during student teaching more frequently included aspects relating to their understanding of
students than those previously mentioned. PSTs spent a much greater proportion of pre- and
post-observation interviews and reflective writings describing how their lessons took into
account students’ prior knowledge, needs, interests, developmental level, misconceptions, and/or
learning difficulties rather than merely describing each instructional strategy or activity in detail.
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This assertion is supported by the overall proportion of evidence of KISR and KSU gradually
becoming more evenly distributed during student teaching (see Figure 4.4; Table 4.7).
Assertion #5: Despite Being Frequently Integrated into Their PCK, PSTs’ Understanding of
Assessment Methods and the Purposes of Assessment Were Limited.
Overall, knowledge of assessment was integrated into 155 of the 258 identified PCK
Episodes, making it the third most integrated component of PSTs’ PCK (Tables 4.2 and 4.3).
KAs was most often connected with PSTs’ knowledge of students’ understanding (KSU) and
knowledge of instructional strategies and representations (KISR); the relationship between KSU,
KISR, and KAs was the strongest between any three PCK components (Tables 4.2 and 4.3). The
relationship between KSU-KISR-KAs is a prominent feature of many of the PCK Maps
presented in Appendix I, particularly in the edTPA portfolio and Methods II Unit Plan PCK
Maps. Despite being frequently integrated into their PCK, in general, PSTs’ understanding of
assessment methods and the purposes of assessment were quite limited and developed very little
of the course of the investigation (Table 4.3; Table 4.7; Figure 4.4).
During the initial background interviews, when asked what areas of their teaching
practice they felt were the weakest or needed the most improvement, the majority of the PSTs
discussed concerns related to their ability to assess students’ learning, most often their ability to
ask effective, higher-order questions, and create summative assessments. Throughout their final
year of teacher preparation, the majority of the assessments PSTs proposed in lesson plans or that
were observed during student teaching were informal and formative in nature. The PSTs’
assessments were predominantly listening to student conversations, asking questions, and leading
class discussions; “Think-Pair-Share” activities [see Lyman, 1981] were a commonly utilized
formative assessment strategy. Some of the more formal, formative assessments PSTs prepared
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included worksheets (typically not created by the PSTs), starter questions and exit tickets, and
various graphic/thinking organizers (e.g., “K-W-L” charts [see Ogle, 1986], Claim-EvidenceReason thinking organizers, and Venn diagrams).
As discussed earlier in the section about PSTs’ knowledge of students’ understanding
(KSU), while most PSTs seemed to recognize the importance of diagnostic and formative
assessments in evaluating students’ current level of understanding to tailor their instruction, their
enacted assessment strategies often did not reflect this understanding. Instead, in many of the
pre-observation interviews, assessment appeared to be an afterthought with PSTs rarely
describing how they planned to assess students’ understanding until being explicitly prompted to
do so. Their descriptions of how they would assess students’ understanding were typically
limited to informal questioning with little or no strategy of how they would ensure they assessed
all students throughout the lesson. Further, written formative assessments were typically only
evaluated at the end of instruction, if at all, and many were only checked for completion rather
than analyzed to determine students’ understanding. This suggests several of the formative
assessments included in PSTs’ lessons were primarily to manage/incentivize students’ behavior
or to monitor the timing of a lesson; an example supporting this assertion is found during
Elliott’s Methods II field experience lesson.
During Elliott’s Methods II field experience observation (video-recorded), students were
seen filling out a worksheet, which accompanied the previously described poison identification
lab, which had not been discussed previously in the pre-observation interview. In the postobservation interview, Elliott was asked how the worksheet was used to assess student learning.
Elliott went on to explain how she had used the worksheet not to assess students’ current
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understanding of the material but rather “as a kind of gauge of the timing” of the lesson (Elliott,
Methods II field experience post-observation interview). Elliott further confessed,
I could look at it [the worksheet] and see they had tested three of the five powders, so
they are a little over halfway done. I used the worksheet to judge if they needed more
time...I was asking them questions to see what they were struggling with, although it
would have been a good idea to look and see what they were writing down and the stuff
they were thinking about. (Elliott, Methods II field experience post-observation
interview)
During the student teaching semester, PSTs’ knowledge of formative assessment methods
remained relatively unchanged, with many of the same assessment strategies being repeated in
every lesson. Evidence of PSTs’ knowledge of summative assessment methods identified
throughout the study was minimal. For many of the participants, the only instances of knowledge
of summative assessments were found in their Methods I 2-day Lesson plan and assessment
project, Methods II Unit Plan, and edTPA portfolio. With the notable exception of Brooke,
conversations and interviews with participants suggested that many of the PST were given
limited opportunities to develop summative assessments while student teaching outside of any
included in their edTPA portfolio. Instead, PSTs were required to administer summative
assessments, most often traditional multiple-choice, short answer tests and quizzes developed by
the CT or a PLT. In the next section, the potential influence of the edTPA on PSTs’ PCK
development, including on PSTs’ KAs, is discussed.
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The Influence of the edTPA Portfolio Creation Process on Preservice Science Teachers’
Development of Pedagogical Content Knowledge
Through analysis using the constant comparative method, five aspects of how the edTPA
portfolio creation process influenced preservice science teachers’ instructional practices and
PCK development were identified. The edTPA portfolio creation process facilitated PSTs to: (1)
increase reflection on their teaching practice; (2) increase integration between components of
their PCK; (3) expand their knowledge of students’ understanding (KSU) and more frequently
integrate it into their PCK; (4) more frequently implement student-centered instruction; and
finally, (5) develop and more frequently integrate their knowledge of assessment into their PCK.
The majority of these findings are drawn from the edTPA/final interview, where PSTs discussed
how the various requirements of the assessment influenced their decision making while planning,
implementing, and reflecting on their edTPA learning segment. PSTs’ accounts were
triangulated with other data sources such as student teaching observations, interviews, written
reflections, created PCK Maps, and the researcher’s field notes. At the conclusion of this section,
I will discuss some of the more indirect ways the edTPA, in part because it is a requirement for
teaching licensure, likely influenced PSTs’ PCK development, both potentially positively and
negatively.
PSTs Increased Reflection on Their Teaching Practice
As a part of the edTPA, teacher candidates are required to write several reflective task
commentaries in which they are asked to describe their artifacts (i.e., lesson plans, instructional
materials, assessments, video clips, and samples of student work), explain their rationale behind
their instructional choices, and analyze and reflect on their students’ learning and their teaching
practice. Hence, it is perhaps not surprising that all of the PSTs described how the edTPA
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process had caused them to reflect on their teaching practices. In particular, all of the PSTs,
including those who expressed how much they disliked the edTPA process, stated that they
believed the edTPA had caused them to reflect on their teaching more often and more deeply
than they might have otherwise during student teaching. When asked if she felt the edTPA had
influenced her teaching practice in any way, Brooke replied saying,
It's definitely caused me to be very reflective in everything that I do. I think the edTPA
causes that...I mean, it's asking so many questions about “Why did you do what you did?”
or “What was the purpose?” or “Where did you get this from?” and “Why would you
choose to do this?” It can be really easy to not think about what or why you're doing
something in the classroom. And I think this is almost like an accountability piece that
makes you have to think about what you’re doing, and that is really interesting. I think
through this process, it makes me think even more when I'm creating assignments and
activities for my students. I'm thinking, “Okay, is this meaningful?” “Is this going to
move them to the next item?” so I think the edTPA has made me a much more reflective
educator. (Brooke, edTPA/final interview)
From Brooke’s statement, it is evident that the process of answering the edTPA commentary
prompts influences PSTs to be more reflective in considering their rationale behind selecting a
particular instructional strategy or activity given the attributes and needs of their students.
While the passage from Brooke above described how the edTPA process influenced PSTs
to be more reflective while planning for instruction (reflection on action), the passage from Jane
below suggests the edTPA process also influenced PSTs’ thinking while teaching (reflection in
action).
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As I went through the edTPA process, I would find myself trying to explain why I
wanted to do this or why I did that, and then I was like, wait...there's really no logical
reason. I probably need to take that out and put something more effective in. But also,
while I was teaching these same things would come to my mind, and I would change
things for the next period. I think the edTPA does a really good job making you think
critically about why you do every single thing you do. (Jane, edTPA/final interview)
Several of the teacher candidates also spoke about how the edTPA was really their first
experience analyzing their teaching practice and how they felt the various commentary prompts
and edTPA ‘thinking organizers’ had given them a “systematic way of thinking” about how their
teaching and students’ learning that had extended beyond the edTPA portfolio creation process
(Elliott, edTPA/final interview). It is important to note that the edTPA thinking organizers were
not developed by SCALE and are not a required component of the edTPA portfolio but rather are
an edTPA support document created by faculty members at Illinois State University. When asked
if she thought completing the edTPA would improve their performance as a classroom teacher,
Charlotte expressed her belief that the process of analyzing herself teaching for the edTPA would
make her a better teacher in the future.
I'm hopeful that it will because I spent way too long on it. But also because I feel like a
lot of what makes a teacher effective or not is their ability to analyze their own teaching.
And that's not something I’ve had a lot of experience with, so the edTPA really exposed
me to a way of analyzing teaching that I had not done. (Charlotte, edTPA/final interview)
While almost all the PSTs described reviewing the videos of their teaching for Task Two:
Instruction as an “uncomfortable experience” (Elliott, edTPA/final interview), they also all
simultaneously recognized it was a valuable learning experience. Hattie, the participant who
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accidentally deleted her original edTPA video clips which forced her to re-do her entire edTPA,
said of the experience reviewing her video clips, “I really liked the video recording, other than
the mess up, but I liked being able to see where I missed something and where I need to improve
myself” (Hattie, edTPA/final interview). Elliott echoed a similar sentiment when she remarked,
“I think seeing myself teach and then reflecting on my interactions with students from a different
perspective than the first time, from the outside perspective of the camera was very valuable”
(Elliott, edTPA/final interview). The edTPA’s influence on PSTs’ analysis of their instruction on
students’ learning, as it relates to PSTs’ development of knowledge of assessment, is discussed
in detail in a later section.
Given that reflection on teaching practice is a widely-regarded as a source of PCK
development (Park & Oliver, 2008a), it was anticipated that the edTPA portfolio creation process
would facilitate PSTs’ PCK development. This hypothesis is supported by the accounts above,
which describe how the edTPA process influenced the PSTs to more explicitly reflect on their
pedagogical reasoning behind selecting an instructional strategy both while planning and during
instruction. Further, the edTPA provided PSTs with a framework to reflect on, analyze, and,
hopefully, go on to improve their teaching. In the next section, evidence the edTPA influenced
PSTs’ PCK, specifically that an increased integration between PCK components was observed
during lessons that coincided with PSTs’ edTPA learning segments, is discussed.
Increased Integration between Components of PSTs’ PCK
During the student teaching semester, all participants were observed 3-4 times (see Table
3.3). Due to the timeline of the edTPA portfolio creation process, most PSTs began
implementing and filming the 3-5 lessons included in their edTPA portfolio, or “learning
segment,” around weeks 7-10 of their student teaching semester. The timing of these lessons
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frequently coincided with student teaching evaluations conducted by the university supervisor,
which were accompanied by the researcher.
As seen in Table 4.1, PST’s PCK Level, calculated from the number of connections
between the components on a PCK Map, was higher for the student teaching observations that
coincided with when the PSTs were in the process of implementing their lessons prepared for
their edTPA portfolio. While the increase in PCK Level for the three middle school teacher
candidates was quite modest, for two of the high school teacher candidates, Jane and Hattie, the
quality of their PCK was substantially higher during the lessons which were a part of their
edTPA learning segment than that revealed elsewhere during the semester (see Table 4.1, Table
4.2, and Figure 4.5).
Figure 4.5
Comparison of PCK Maps between Jane and Hattie from Student Teaching Semester
Jane Observation #1
Jane Observation #2
Jane Observation #3
PCK Episodes: 6 PCK Level: 13 PCK Episodes: 5 PCK Level: 22 PCK Episodes: 4 PCK Level: 11

Hattie Observation #1
Hattie Observation #2:
Hattie Observation #3:
PCK Episodes: 3 PCK Level: 9 PCK Episodes: 5 PCK Level: 18 PCK Episodes: 4 PCK Level: 11
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While roughly the same number of PCK Episodes were identified in these lessons as
those throughout the rest of student teaching, the quality of PST’s PCK was higher for the
observation which coincided with the PST’s edTPA learning segment in that both the frequency
and variety of PCK connections increased (Table 4.2). In Figure 4.5 presented above, this
increase in PCK quality was particularly evident when comparing Jane’s and Hattie’s PCK Maps
from their student teaching semester, the lessons which were a part of the PST’s edTPA learning
segments are highlighted in grey in Figure 4.5. This identifiable increase in PCK quality suggests
that the edTPA portfolio creation process does influence, if perhaps only temporarily, the
characteristics of PSTs’ PCK. The next section describes the possible influence of the edTPA on
PSTs’ knowledge of students’ understanding.
PSTs’ Knowledge of Students’ Understanding Expanded and Was Integrated More
Frequently into Their PCK
Data analysis produced a variety of examples of ways in which PSTs’ knowledge of
students’ understanding (KSU) developed during the edTPA portfolio creation process. Several
PSTs described how the edTPA’s emphasis on students’ prior academic knowledge and personal,
cultural, and community assets served as a catalyst for developing a greater understanding of
their students' prior knowledge, interests, and learning needs. As discussed earlier, while
planning their edTPA lessons, several of the PSTs met with their CTs and PLTs to discuss
students' prior knowledge regarding the concepts they intended to teach during their edTPA
learning segment.
In addition to facilitating conversations with their CT and PLT members to develop KSU,
there was evidence the requirements of the edTPA also facilitated conversations between the
PSTs and their students with the purpose as well. Jane’s comment below exemplifies this feature.
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Going through the edTPA, I had to start thinking about what my students already knew,
about their culture, and their personal lives and interests. To do that, I had to talk to
students to figure that out because, and I’m embarrassed to admit this, I hadn’t tried to
figure that out until starting the edTPA. And this was actually really cool, and I didn't
realize it until I started planning for my edTPA, but a lot of things I had taught in
biochemistry, which was the first unit I taught by myself, connected to a lot of the things
that they do outside of class. I felt bad I had missed all those opportunities to make
connections to their interests earlier. (Jane, edTPA/final Interview)
During the edTPA/final interview, many of the PSTs discussed how the edTPA’s
requirement to justify how their understanding of students’ prior academic learning and personal,
cultural, and community assets guided their choice or adaptation of learning tasks and materials
required them to draw upon, and in many cases expand, their KSU in ways they had not done
before. This point is nicely reflected in Elliott’s comment below.
I think many of the things that it [edTPA] was asking me to do, I kind of already knew, in
terms of like, I had heard it in my education classes, [that] like you should see what
students already know and see what their understanding is going into a lesson. And then
you should plan based on that. But I had never thought very explicitly about, "What can
your students already do, what are they struggling with?" (paraphrasing the edTPA Task
1: Planning commentary) and then broke that down for different groups of students
before working on the edTPA. So in that way, the edTPA totally changed the way that I
thought about students while planning. (Elliott, edTPA/final Interview)
Similarly, Charlotte, when asked if she felt the edTPA portfolio creation process had
influenced how she planned for instruction, also spoke of how the edTPA had facilitated a
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greater connection between her KSU and knowledge of instructional strategies and
representations (KISR) as follows.
I’ve always tried to figure out what students were interested in and relate what we were
learning to that. But the edTPA forced me, especially working through the commentaries,
to think about that much more thoroughly and much more rigorously about that than I
had before. I had to really analyze how my knowledge of my students related to my
practices. That is something I have tried to continue to do. Now, I consider their cultural
and family assets while actually planning my lessons instead of it being an afterthought I
try to add after the fact while actually teaching. (Charlotte, edTPA/final Interview)
Both of the previous passages suggest that while the PSTs recognized the importance of
considering students’ knowledge, interests, and needs while planning for instruction, they had
often not explicitly done so before planning their edTPA learning segment.
In addition to influencing their knowledge of students’ understanding while planning
their edTPA learning segment (i.e., Task One: Planning), several of the PSTs spoke of how their
KSU, and in many cases its connection with their knowledge of assessment (KAs), had been
influenced by reviewing the video recordings of their instruction during Task Two: Instruction
and through analyzing students’ work samples in Task Three: Assessment. Below is a
description of an experience Brooke had while watching videos of herself teaching.
I know when I walked away from that table, I thought everything was great and that they
totally understand it now. Then when you playback the video, you actually notice the
looks on their faces, because in the moment you were too busy thinking about what you
were going to do or say next. But you can just see the situation for what it actually was
in the videos. Then it stuck out to me the confusion on some students' faces and just more
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of the emotive responses that they had when they were more frustrated with a task. Based
on the videos, I could see that more and then did a better job at making sure I actually
understood what my students were struggling with in the future. (Brooke, edTPA/final
interview)
This example from Brooke suggests that PSTs benefited from watching themselves teaching in
that they were able to better recognize when students were confused or frustrated with what was
being taught. Further, it seems that in meeting requirements of Task 2: Instruction of the edTPA,
PSTs were provided an additional opportunity, and perhaps a unique perspective from which
they could reflect on their teaching practice.
Taken together, these examples reveal the edTPA portfolio creation process influenced
preservice teachers to develop a greater understanding of their students and to integrate that
knowledge into their PCK. The next section outlines how the requirements of the edTPA
influenced participants’ selection of instructional strategies and activities.
PSTs More Frequently Implemented Student-Centered Instruction
The Middle Childhood and Secondary Science edTPA assessment handbooks state that
candidates should prepare a learning segment that reflects a “balanced approach to science” and
that lessons should provide opportunities for students to “apply scientific practices through
inquiry” (SCALE, 2019). Aligned with the Next Generation Science Standards, the edTPA
defines inquiry as a focus on the eight science and engineering practices to have students explain
or make predictions about a real-world phenomenon (see NGSS Lead States, 2013). As such, the
edTPA’s conceptualization of science teaching through inquiry likely fosters preservice teachers’
exploration and analysis of inquiry-oriented, student-centered instruction. Data analysis revealed
multiple instances that support this assertion. For example, Piper’s account below indicates that
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the requirements of the edTPA influenced PSTs to implement more student-centered, inquirybased instructional practices than she may have previously during student teaching.
So we ended up doing the first hands-on lab of the semester for the edTPA. I just felt like
there were some components of the edTPA, like students investigating a phenomenon,
that I really couldn’t have talked about if they hadn’t done a lab. (Piper, edTPA/final
interview)
Other PSTs, including those who had included labs in their lessons before their edTPA
learning segment, stated that they had modified certain aspects of lab activities included in their
edTPA portfolio to make them more inquiry-based. For example, Charlotte changed the order of
her planned instruction (i.e., having students complete a lab before, rather than after, they took
notes on a concept) and increased the degree to which students were responsible for data analysis
to make the lessons more inquiry focused for the edTPA. Charlotte explained,
I think I would have done a lab regardless of the edTPA, but I definitely made sure the
lab I chose had students analyze data. I also ended up flipping the order of the lessons,
specifically for edTPA, to make the lab more of an inquiry instead of something we did
after students had already taken notes about it. (Charlotte, student teaching postobservation interview #3)
Even Brooke, the PST whose instructional practices observed throughout student
teaching were often student-centered and inquiry-based, discussed at length how the
requirements of the edTPA had influenced her selection of instructional strategies and activities.
Brooke explained that the edTPA’s focus on teaching science through inquiry, and perhaps the
high-stakes nature of the assessment, had influenced her to change her instructional practices
slightly during her edTPA learning segment.
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Obviously, everyone wants to look fabulous in their edTPA, so you're gonna try to get the
most bang for your buck. So I really tried to get a diverse selection of activities I could
pick from for my commentary. So while I feel I would maybe do one or two labs in a
week, I wouldn’t generally do four inquiry activities back-to-back. So no one lesson was
out of the ordinary, but the week was more hands-on and comprehensive than any typical
four lessons would be. (Brooke, edTPA/final interview)
In addition to an increase in lab-based activities, several PSTs described how they
implemented several new instructional strategies to increase students’ scientific discourse with
one another as a result of several of the requirements of several edTPA scoring rubrics. These
activities included structured class-debates, claim-evidence-reasoning charts, and Socratic
seminars. Jane, who first implemented a Socratic seminar during her edTPA learning segment,
discusses the influence of the edTPA process on her development of knowledge of instructional
strategies and representations (KISR) in the following way.
For edTPA, I knew I wanted to do a Socratic seminar. Normally, after having students
reading an article, we would just have students discuss what they read with their elbow
partners, and that was about it. I think adding the Socratic seminar at the end of the lesson
was valuable because it allowed me to better understand what they took away from the
reading. But, like I said, adding the discourse at the end was definitely motivation by the
edTPA rubrics. (Jane, edTPA/final interview)
Finally, while PSTs’ use of student-centered instructional strategies expanded, and as a
result their PCK developed, it does not seem that the edTPA changed PSTs orientations to
teaching science (OTS). When asked if she felt the edTPA influenced her thinking or beliefs
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regarding inquiry-based science instruction, Hattie explained that the edTPA had not influenced
her OTS as much as other factors during her teacher preparation program had.
I don’t feel like the edTPA changed my thinking regarding inquiry-based learning; the
importance of student-centered, inquiry-based learning was something the [teacher
preparation] program has always stressed. This was just a way to put it into practice.
(Hattie, edTPA/final interview)
When asked the same question, Elliott offered a similar response, “I don’t know if my thoughts
about inquiry changed, but it did show me how doable inquiry can be” (Elliott, edTPA/final
interview). In summary, these examples reveal that the requirements of the edTPA portfolio
creation process facilitated the development of PSTs’ knowledge of instructional strategies and
representations and increased their implementation of student-centered, inquiry-based
instruction. This assertion is supported further by the increase of evidence of KISR observed in
PSTs edTPA portfolios seen in Table 4.7 and Figure 4.4.
PSTs Developed and More Frequently Integrated Their Knowledge of Assessment into
Their PCK
The edTPA assessment handbook emphasizes that teacher candidates plan both formal
and informal assessments to provide evidence of students' understanding throughout the learning
segment. During Task Three: Assessment, candidates are asked to select one assessment from
their learning segment and provide an in-depth analysis of their students’ development of
scientific knowledge and skills. Throughout data analysis, it became clear that the edTPA
process affected several aspects of PSTs’ knowledge of assessment (KAs).
First, PSTs became more aware of the role of formative assessment in guiding
instruction. This was evident by the overall increase in frequency and diversity of formative
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assessments included in their edTPA portfolio submission. Further, PSTs also discussed how the
edTPA had influenced their understanding of assessment as it relates to differentiating
instruction to meet students’ needs. Elliott highlights this point in the passage below:
I feel like I've improved in my use of assessment. I mean, like I feel like it's just so much
more helpful to have many more formative assessments sooner. Putting that many
assessments in my [edTPA] learning segment made me think about building time to slow
down and think, “Okay, what are they thinking right now?” and then move onto “Okay,
now what’s my next step?” I really want assessment to guide my teaching like regular
visits to the doctor, and not like these random visits to the emergency room. (Elliott,
edTPA/final interview)
Hattie's response below to the question “Do you believe the edTPA influenced the way you think
about assessment?” supports the assertion that the edTPA creation process expanded many PSTs’
understanding of assessment.
I feel like it [the edTPA] expects you to assess students very, very often. Which I knew I
should be doing, but it made me really think about everything as an assessment. It proved
to me that any small task that you do, you can turn into an assessment either informally or
formally. (Hattie, edTPA/final interview)
While discussing her experience with Task Three: Assessment, Piper commented about
how she felt she had not really learned much about summative assessment in her teacher
preparation program or during student teaching. Piper then described how the edTPA had forced
her to really seek out additional resources in developing her assessment for Task Three. Piper's
experience with edTPA in terms of assessment is captured in the following remark.
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The only thing I really got out of my assessment course was how to listen to children and
a few other types of formative assessments...I had never really created a summative
assessment before the edTPA...my PLT made all of them. So the edTPA definitely made
me look at the standards and figure out how I was assessing each standard with the
assessment I made... I think that process helped me get a much better handle on how to
assess students. And I don’t know if that makes sense because the edTPA doesn't really
give you the tools of how to assess, but it makes you apply what you should already
know about assessment...but I guess it helped me pinpoint what I was missing. (Piper,
edTPA/final interview)
In total, the previous passages suggest that the edTPA process not only influenced PSTs’
development of KAs, with regard to both formative and summative assessment but also its
integration with their knowledge of students’ understanding (KSU) (i.e., “Okay, what are they
thinking now?”) and knowledge of instructional strategies and representations (KISR) (i.e.,
“Okay, now what’s my next step?”). The relationship between KSU-KISR-KAs was a hallmark
of all the PSTs’ PCK Maps created from their edTPA materials, forming a distinct triangle
between the three components seen in Figure 4.6 below. The relationship between KSU-KISRKAs was a hallmark of all the PSTs’ PCK Maps created from their edTPA materials, forming a
distinct triangle between the three components, as seen in Figure 4.6 below. In Figure 4.6, PSTs
integrated KAs more frequently into their PCK than was observed throughout the rest of the
student teaching semester (see Appendix I). It is perhaps noteworthy that the PCK Maps of
PST’s Methods II Unit Plan (see Appendix I), which was modeled directly after many elements
of the edTPA portfolio, including the use of similar reflective writing prompts, also feature the
same strong relationship between KAs-KISR-KSU. Taken together, this suggests that the
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requirements of the edTPA likely facilitate PSTs to integrate KAs into their PCK more often
than they might otherwise during student teaching.
Figure 4.6
PCK Maps from PSTs’ edTPA Portfolios
Elliott
Brooke
Charlotte
PCK Episodes: 14 PCK Level: 35 PCK Episodes: 11 PCK Level: 37 PCK Episodes: 13 PCK Level: 38

Jane
Hattie
Piper
PCK Episodes: 10 PCK Level: 37 PCK Episodes: 10 PCK Level: 33 PCK Episodes: 9 PCK Level: 36

Identified Indirect Influences of the edTPA on PSTs’ PCK
In addition to the influences of the edTPA previously discussed, several potentially
indirect influences of the edTPA were identified throughout this investigation. Most of these
were related to the edTPA being a requirement for teaching licensure. For example, many of the
PSTs seemed to leverage the high-stakes nature of the edTPA to gain greater influence over
planning the lessons of their edTPA learning segment. Elliott’s account below was characteristic
of many of the PSTs' experiences regarding how she gained greater autonomy over instruction
during the edTPA portfolio creation process.
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I think it's only practical to look at what the assessment is beforehand and make sure that
you've got something that checks the boxes that they're looking for. When I did that, I
realized what the PLT had planned was not going to work. So I had to really assert
myself with my cooperating teacher and PLT and be like, “Hey, I know you haven’t done
the edTPA so you may not understand, but this is a big deal, and I have to change stuff
and do stuff to meet the edTPA guidelines.” So I definitely did veer off of what
everybody else was doing for a bit to do my edTPA stuff. Honestly, I wish I had asserted
myself from the start with like planning and stuff because, while it was more difficult
having to plan and write lessons and all the stuff for planning, it was hugely helpful, and I
really felt more confident teaching. (Elliott, edTPA/final interview)
In addition to gaining greater control over planning during their edTPA learning segment,
many PSTs described how to prepare for the edTPA they had begun full-time teaching earlier in
the student teaching semester than the recommended phase-in/phase-out schedule provided by
their university student teaching supervisor. For instance, Brooke recounted how their
apprehension about being prepared to create their edTPA portfolio motivated them to attend their
student teaching placement during the semester before student teaching more often as described
in the following statement.
In the fall, we're only required to do 20 hours of observations, but I went every week
because edTPA is such a big project. I just felt like I was not going to be prepared for the
spring and the edTPA without doing that. (Brooke, edTPA/final interview)
According to the Methods II field experience log, Brooke observed and volunteered in her future
student teaching classroom for over 125 hours over the course of the semester; the requirement
for the course was 20 hours. Brooke logged more field experience hours the semester before
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student teaching than the other five participants combined. Brooke was also one of the three
participants who discussed how the edTPA portfolio creation process had increased their interest
in pursuing National Board Certification once they were eligible.
While some PSTs sought additional teaching experience in preparing for the edTPA, after
filming their edTPA learning segment, several of the participants described how the process of
preparing their edTPA portfolio was a distraction from student teaching. A few participants
described how they ended up having to ask their CT to temporarily take back responsibilities
they had previously assumed, such as lesson planning, grading, leading after school tutoring, and
even teaching some class sections, to finish the edTPA before the submission deadline. Two
participants admitted they had called in sick the week before the edTPA was due just to be able
to finish the written commentaries. In considering the potential positive influences of the edTPA
on PCK development, it is also critical to consider how it might negatively impact other sources
of PCK development.
Chapter Summary
In summary, the results show that PSTs’ PCK was often weak and unstructured; however,
characteristics of PSTs’ PCK did develop and gradually become more integrated over their final
year of teacher preparation, including student teaching and the edTPA portfolio creation process.
The results suggested that some components of PSTs’ PCK developed incrementally (e.g.,
knowledge of students’ understanding [KSU], knowledge of science curriculum [KSC]),
particularly during the student teaching semester, while others remained relatively stable (e.g.,
knowledge of instructional strategies [KISR], knowledge of assessment [KAs], orientations to
teaching science [OTS]). Finally, the results suggested that the edTPA portfolio creation process
influenced preservice science teachers’ reflection on their teaching practices, increased how
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frequently they implemented student-centered, inquiry-based instruction, expanded their
knowledge of students’ understanding and assessment, and increased the coherence between the
components of their PCK. The next chapter, Chapter Five, includes a discussion of these results
as well as their implications for teacher education programs, science teacher educators,
policymakers, and science education researchers.
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CHAPTER FIVE
DISCUSSION
The purpose of this study was to examine the characteristics of preservice science
teachers' (PSTs) PCK development, focusing on the integration of components of PCK (e.g.,
knowledge of student understanding, knowledge of instructional strategies and representations,
etc.), during their last year of a teacher preparation program, including student teaching and the
edTPA creation process. This study also sought to explore the potential influence of the edTPA
creation process on preservice science teachers' PCK development. This chapter begins with a
summary of the results of the study. Next, this study's findings are compared to the literature
reviewed in Chapter Two and how this research contributes to our understanding of PSTs' PCK
and PCK development is discussed. Next, the limitations of this investigation are described, and,
finally, the implications of this study for future research, teacher preparation programs, and
educational policy are discussed.
Preservice Science Teachers’ PCK during Their Final Year of Teacher Preparation
The results of this study showed that, in general, the PSTs’ PCK was weak and
fragmented. This finding is consistent with the conclusions of other studies that have investigated
PSTs’ PCK and PCK development (e.g., Aydin et al., 2015; Aydin, Demirdöğen, et al., 2013;
Brown et al., 2013; De Jong & Van Driel, 2011; Friedrichsen et al., 2009; Loughran et al., 2004,
2006; Van Driel et al., 1998). Similar to previous studies, this study also found that the
constituent components of PCK do not develop evenly (Aydin, Demirdöğen, et al., 2013) and
that the development of one component of PCK is often in connection with the development of
another (Friedrichsen et al., 2009).
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Figure 5.1
PSTs’ Collective Expanded PCK Maps
Methods I

Methods II

Student Teaching Obs. #1

Student Teaching Obs. #2

Student Teaching Obs. #3

edTPA

While no clear pattern of PCK development could be identified by analyzing the six
PSTs' PCK Maps, this was likely, at least in part, due to the limitations/assumptions of the PCK
Mapping Approach itself, which will be discussed in detail later in this chapter. Presented above
in Figure 5.1, is an expanded version of PSTs' Average PCK Maps (see Figure 4.3) which
visualizes not only the strength of the relationship between components but also the frequency
evidence of each knowledge base of PCK that was identified and coded, regardless of if the
component was explicitly integrated into their PCK or not. Similar to how the line weight
between components represents the relative strength of various PCK connections in a PCK Map,
in Figure 5.1, the size of the circle used to represent each component represents the frequency
evidence of each component was identified at the various checkpoints throughout PSTs final
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year of teacher preparation. Similar to the assumptions behind the PCK Map Approach (Park &
Chen, 2012), these expanded PCK Maps were created under the assumption that the frequency
PSTs demonstrate an understanding of a particular aspect of their knowledge for teaching the
relative strength or importance of that component to PSTs' PCK is revealed. In addition to
visualizing each PCK component's strength, similar to the PCK Maps created by Demirdöğen et
al. (2016), the arrows included in Figure 5.1 attempts to represent the influence of each
knowledge base on each other. This exchange of knowledge between components is in line with
most contemporary models of PCK, including the Pentagon Model (Park and Oliver, 2008a) the
PCK Maps were initially based on and the Refined Consensus Model (RCM) of PCK (Carlson et
al., 2019). Figure 5.1 is used throughout this chapter to visualize many of PSTs' PCK
development characteristics revealed through this study.
The Influence of the Student Teaching Experience on PSTs’ PCK Development
The case analysis revealed that most characteristics of PSTs' PCK, particularly their
KSU, are developed mainly through PSTs' gaining valuable teaching experience in science
classrooms with actual students. This assertion is supported by the relative lack of PCK
development seen between the Methods I & II semesters and the dramatic increase in PSTs'
understanding of students observed during the student teaching semester seen in Figure 5.1. This
finding was not unexpected given numerous PCK scholars have drawn similar conclusions
regarding the importance of teaching experience in developing PCK (Brown et al., 2013;
Friedrichsen et al., 2009; Lee et al., 2007; Luft et al., 2011; Mulholland & Wallace, 2008; Seung
et al., 2012; Veal et al., 1999). Considering this, it is perhaps not surprising that given Brooke
attended her Methods II field placement more than any of the other PSTs combined, she had
developed, by several measures, the most robust PCK of the six participants in this study.
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Likewise, in considering why Piper's PCK had developed so little over her final year of
student teaching compared to the other members of her cohort, the nature of her teaching
experience during her student teaching placement was one of several factors that stood out.
Given Piper's student teaching placement had her teach or co-teach four different courses
(biology, AP Biology, AP Environmental Science, and earth science), Piper did not get the
opportunity to teach many of the lessons she taught a second time. While other PSTs inevitably
benefited from the ability to teach a lesson during one period (or even first observing it being
taught by their CT), reflect on what went well and what they needed to change (possibly even
receiving feedback from their CT), and then having the opportunity to implement those changes
the next period(s), the context of Piper's student teaching placement often did not always give
her this opportunity. Further, as Piper only ever co-taught the two AP science courses (3 sections
or 50% of her class load), she likely gained far less experience leading classroom instruction than
the other participants.
In addition to gaining less teaching experience and having fewer opportunities to reflect
on and implement adjustments to her instructional practices, Piper also certainly faced the
greatest challenge with developing/ensuring their subject matter knowledge was adequate to be
transformed into PCK. While Piper's emphasis in her teacher preparation course work had been
biology education, in addition to two biology courses (biology and AP Biology), Piper's student
teaching placement also included two courses outside of her content area, AP Environment
Science and an earth science course. Understanding a lack of SMK is a common obstacle to PCK
development among PSTs (Gess-Newsome, 1999; Großschedl et al., 2014, 2015, 2019; Kaya,
2006; Kind, 2009, 2017; Liepertz & Borowski, 2018; Luft et al., 2011; Pitjeng-Mosabala &
Rollnick, 2018; Riese & Reinhold, 2012; Sorge et al., 2017, 2019), it is reasonable to presume
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that insufficient SMK frequently impeded Piper's PCK development given the sheer number of
concepts and domains she was expected to teach. Issues relating to SMK could also explain the
differences in PCK level observed between the high school and middle-grade teacher candidates.
The prospective middle school teachers, who in their post-observation interviews almost always
described feeling comfortable with the subject matter they were asked to teach, all had higher
PCK levels than the future high school teachers, which more frequently described feeling
uncomfortable with the content of their lessons.
Perhaps the most contrasting attribute between Brooke and Piper's student teaching
experiences was the amount of control each PST was given by their respective CTs while
planning instruction. While Brooke was by her account given full autonomy to implement any
instructional strategy or activity she wanted, as long as it was in line with the schools' projectbased/individualized learning focus, Piper seldom planned the lessons she implemented during
student teaching. Because PCK is often most evident while planning for teaching (Hashweh,
2005), it seems reasonable that not having as many opportunities to plan instruction on her own
impeded Piper's PCK development. In addition, while it was common for PSTs to be given
lesson plans by their CT or professional learning teams, given the number of courses Piper
taught, it seems reasonable to presume that Piper did not have the same opportunity as other
PSTs to consider on her own, or have explained to her, the pedagogical reasoning behind each of
the lesson plans they were given. As reflection-on-teaching is a major source of PCK
development, this likely impeded Piper's PCK development (Abell, 2008; De Jong et al., 2004,
2005; Friedrichsen et al., 2009; Nilsson, 2006; Park & Oliver, 2008a). The importance of
reflection as a source of PCK development will be discussed in detail while considering the
influence of the edTPA on PSTs' PCK development in an upcoming section of this chapter.
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In considering to what degree the lack of opportunities to plan instruction may have had
on Piper's (and other PSTs') PCK development, it is important to consider the dramatic increase
in PCK quality that was observed when Piper was able to plan lessons for the edTPA. In
particular, Piper demonstrated a more robust understanding of knowledge of instructional
strategies and representations (KISR), knowledge of students' understanding (KSU), and
knowledge of assessment (KAs) in her edTPA materials than she had shown during the pre- and
post-observation interview during the student teaching semester. While Piper's edTPA portfolio
included the same number of PCK Episodes identified during her student teaching observations
(please note that Piper's edTPA portfolio included the same number of lessons that were
observed throughout the student teaching semester, four), the number of connections between
components revealed in her edTPA materials was much higher (36 PCK connections) than that
observed during rest of student teaching (15 PCK connections). In fact, while Piper's PCK was
the weakest of all the PSTs during student teaching, Piper's PCK level revealed by her edTPA
materials was equivalent to the average of the other PSTs. Similar to the findings of Aydin et al.
(2013, 2015), which used a PCK-centered intervention (CoRes, see Loughran et al., 2004, 2006)
to help PSTs better understand some of the factors they should consider while planning, Piper's
subcase provides empirical support of the importance of the planning stage in PCK development.
If Piper had been given more opportunities to plan lessons on her own, as she was for her edTPA
learning segment, instead of being restricted to enacting lessons prepared by her CT and PLT,
her PCK would have likely shown more positive growth.
Preservice Science Teachers’ Orientations to Teaching Science
One of the emergent themes identified during this investigation was that PSTs'
orientations to teaching science (OTS) remained relatively unchanged during their last year of
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teacher preparation and that their OTS rarely influenced their PCK or instructional practices.
While considering the first part of this result (OTS remained relatively unchanged), it should be
noted that the stated orientation of every PST in this study, inquiry, was the orientation
championed by all of their science education methods courses as well as the edTPA. While all
PSTs purported to hold a more inquiry-based, student-centered orientation, with the notable
exception of Brooke, the characteristics of PSTs' instruction often did not reflect these beliefs.
Instead, a more didactic approach to teaching was frequently observed during their field
experience lessons in Methods I & II and throughout student teaching. This result could be
interpreted as supporting other studies that have reported that teachers may demonstrate elements
of multiple, often contrasting, orientations simultaneously (Park & Chen, 2012; Schwarz &
Gwekwerere, 2007; Volkmann & Zgagacz, 2004). Kang (2008) suggested that while PSTs may
adopt beliefs different from their initial OTS, they often do not go on to enact these new beliefs
in their instruction but instead continue to teach in the same manner. As this investigation only
focused on PSTs final year of teacher preparation, their OTS may have already shifted from a
more didactic orientation to a more inquiry-centered one as they progressed through their first
couple of years of teacher education (Kind, 2016); but, similar to Kang's (2008) findings, even
by the conclusion of this study, they had not consistently developed or enacted instruction any
differently.
However, alternatively, it is plausible that the observed misalignment between PST's
stated OTS and the characteristics of their enacted instruction resulted from the PST's CT and
PLT often being primarily responsible for lesson planning. In other words, PSTs instruction may
not have demonstrated their actual OTS because they were often not in charge of planning the
lessons they implemented. This assertion would also explain why PSTs' OTS was rarely

183
reflected in their PCK or instructional practice. Likewise, PSTs' OTS may not have been
frequently integrated into their PCK because they do not yet hold strong science-specific
orientations but rather more generalized beliefs of how students learn, an assertion supported by
Friedrichsen and Dana (2000).
Similar to Brown et al. (2013), while rarely explicitly stated, PST's selection of
instructional strategies and activities for their Methods I & II assignments (the 2-day lesson plan
and 5-day unit plan) seemed to be primarily guided by their beliefs about science teaching
derived from their own K-16 and other science experiences. However, as evidence of these
beliefs were often more implicit inferences drawn from reflections and pre- and post-observation
interviews, they often did not constitute explicit examples of integration between OTS and
knowledge of instructional strategies and representations (KISR), and therefore, are not reflected
in PSTs' PCK Maps; this finding is represented in the enhanced PCK Maps included in Figure
5.1. As seen in Figure 5.1, later, during student teaching and the edTPA, frequency at which
PSTs discussed their own beliefs to teaching science decreased dramatically. While PSTs may
have described their OTS less often because their beliefs were perhaps less relevant (given they
were often required to teach lessons given to them by their CT or PLT and that the edTPA
dictates teacher candidates should teach scientific concepts and practices through inquiry), it also
seems that the PSTs began to recognize the relative importance of other factors in teaching, such
as their student's understanding of science and assessing students' learning.
PSTs’ Knowledge of Students’ Understanding, Assessment, and Science Curriculum
Concerning PSTs' knowledge of students' understanding (KSU), the results of this study
revealed PSTs were often unaware of students' prior knowledge, commonly held misconceptions,
and learning difficulties students might encounter while planning for instruction; these findings
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are in line with the conclusions of most other PCK studies of preservice teachers (e.g., Brown et
al., 2013; De Jong & Van Driel, 2004; Friedrichsen et al., 2009; Geddis et al., 1993; Halim &
Meerah, 2002; Lee et al., 2007; Pitjeng-Mosabala & Rollnick, 2018; Van Driel et al., 1998,
2002, 2014). Also, similar to the previously listed PST PCK studies, this study's results support
the commonly held belief that PSTs' KSU develops as they gain teaching experience with actual
students. Supporting the conclusions of Friedrichsen and her colleagues (2009), who asserted
components of PCK often develop in connection to one another, the results of this study,
represented in Figure 5.1, suggest that PSTs' KSU is often developed in connection with the
development their knowledge of assessment (KAs) and knowledge of science curriculum (KSC).
While previous studies that examined in-service teachers have found that KAs and KSC
were both rarely integrated into teachers' PCK (Park & Chen, 2012; Suh & Park, 2017; Aydin &
Boz, 2013), the connection between KSU-KAs and KSU-KSC is perhaps more reasonable with
preservice teachers given their lack of previous teaching experience. One could infer that not
being able to rely on a KSU already developed through experiences teaching previous years of
students, preservice and novice teachers would have to more often rely on assessments [KAs] to
gauge their students' current level of understanding [KSU] to be able to modify instruction
[KISR]. This assertion is divergent from Kaya's (2009) investigation of PSTs, which found no
significant relationship between the teachers' KAs and their KSU or KISR.
While the findings of this study suggest PSTs may integrate KAs into their PCK more
often than other studies have revealed, similar to the findings of Kaya (2009) and others
(Friedrichsen et al., 2009; Van Driel et al., 2014), the results also suggest that PSTs'
understanding of assessment methods and the purposes of assessment is quite limited. The
assessments observed throughout this study were primarily limited to informal questioning and a
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few formal formative assessments such as worksheets, exit tickets, and starter questions. In
general, the PSTs within this study did not often consider if their frequently informal assessment
strategy would adequately evaluate all of their students' learning. Further, assessments were
frequently utilized as a behavior or classroom management strategy (i.e., collecting assignments
to ensure students stayed on task) or to monitor the timing of a lesson. Outside of the edTPA
portfolio, assessment was seldom, if ever, viewed as a way to assess the effectiveness of their
teaching practice or to help students monitor and assess their own learning. The influence of the
edTPA on PSTs KAs is discussed in an upcoming section of this chapter.
Another salient feature of PSTs' PCK revealed during this study was, overall, PSTs'
knowledge of science curriculum (KSC) is one of the least integrated components of their PCK;
this finding supports the work of Hanuscin and Hian (2010) and Beyer and Davis (2011) which
both reached similar conclusions. While KSC was quite primitive, for several participants,
particularly the prospective middle school science teachers, the relationship between KSU,
KISR, and KSC was a noteworthy characteristic of their PCK (Figure 5.1). Similar to the
integration of KAs with KSU, having little or no previous experience teaching a particular
science concept, it seems reasonable that preservice teachers might utilize state or national
science standards [KSC] as a means of gaining insight into what they might expect their students
to already know regarding the topic, therefore, contributing to the development of their KSU and
influencing their instructional strategies. Again, this pattern of PCK development was more
common among the middle school PSTs, where participation in inter-grade level science
meetings was prevalent.
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The Relationship Between KSU and KISR
Another salient feature of PSTs' PCK identified during this study, visualized in Figure
5.1, was the strength of the relationship between knowledge of students' understanding (KSU)
and knowledge of instructional strategies and representations (KISR). While the constituent
components of PCK and their relative influences between each other vary among PCK scholars
(Park & Oliver, 2008a), most scholars agree with Shulman's (1986) original assertion that KSU
and KISR are critical components of PCK (Chan & Hume, 2019). This study empirically
supports that KSU and KISR are critical components of PCK among preservice teachers; the
relationship between KISR and KSU was overall the most robust and most consistent
characteristic of all six PST's PCK. Similar to other studies which have examined the
characteristics of PSTs' PCK and PCK development, the results of this study suggest that KISR
and KSU are the two most developed components of PCK among preservice teachers (Aydin,
Demirdöğen, et al. 2013; Demirdöğen et al., 2016; Demirdöğen & Uzuntiryaki-Kondakci, 2016;
Hanuscin & Hian, 2010; Norville, 2019). Further, similar to the conclusions of other PCK studies
(Aydin & Boz, 2013; Aydin et al., 2015; Kaya, 2009; Park & Chen, 2012; Suh & Park, 2017),
this study found KSU and KISR were the most frequently integrated components of PCK with
all PCK Episodes identified throughout the one-year investigation integrating at least one of the
two components. KSU and KISR were also central to several other notable patterns identified in
PST's PCK Maps, such as the relationships between KSU-KISR and knowledge of assessment
(KAs), orientations to teaching science (OTS), and knowledge of science curriculum (KSC).
These findings not only suggest that the connection between KSU and KISR is the most
developed PCK connection among preservice teachers, likely influencing the integration of other
components, but, supporting the conclusions of Reynolds and Park (in review), this also suggests
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the connection between KSU and KISR is likely the easiest to make and the first step in the
development of PCK among preservice teachers.
While the relationship between KSU and KISR might be the first hallmark of PSTs' PCK
development, this study suggests that constituent components do not develop evenly and that
both knowledge bases develop independently before they integrate. This finding supports earlier
assertions made by Aydin and her colleagues (Aydin et al. 2015; Aydin, Demirdöğen, et al.
2013; Aydin, Freidrichsen, et al. 2013) and is captured nicely in Figure 5.1. This study suggests
that by their final year of teacher preparation, PSTs have developed a repertoire of generic
instructional strategies and activities [KISR] they can draw from when planning for instruction.
However, having a far more limited understanding of students' prior knowledge, needs, interests,
developmental level, and misconceptions and/or learning difficulties, their pedagogical reasoning
behind their selection of a particular instructional strategy and/or activity is primitive and often
based on their own needs and interests (e.g., managing student behavior, fulfilling the
requirements of a methods class, wanting to try out an instructional strategy they just discovered,
or their own interests relating to a topic) rather than those of their students. Similar to previous
studies (Betkas, 2015; Brown et al., 2013; Kind, 2017), the results of this study also suggest that
while preservice teachers' KSU may develop relatively quickly once they begin to gain teaching
experience, preservice teachers often do not or rather do not know how to use this knowledge to
tailor their teaching practices. This feature can be seen in Figure 5.1 where both KSU and KISR
expand, particularly KSU, but the strength of the connection between them remains relatively
constant.
In summary, these findings suggest that teacher preparation programs are excellent at
assisting PSTs to develop a KISR but need to improve on facilitating the development of a
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connection between KISR and KSU. Granted, this study's findings also suggest this relationship
would be challenging to develop until PSTs had first gained enough teaching experience to
develop their KSU, highlighting the importance of early field experiences. Implications of this
study's findings will be discussed further later in this chapter.
The Influence of the edTPA on Preservice Science Teachers' PCK
The results of this study revealed that the edTPA, specifically the portfolio creation
process, influenced PSTs' PCK development through facilitating increased reflection on their
teaching practice. All of the PSTs described how answering the edTPA writing prompts and
selecting a video for Task 2: Instruction had caused them to reflect on their teaching more often
and more deeply than they felt they might have otherwise during student teaching. While
teaching experience is commonly attributed as being the primary source of PCK development for
preservice teachers, most scholars agree it must be accompanied by reflection (Abell, 2008; De
Jong et al., 2004, 2005; Friedrichsen et al., 2009; Nilsson, 2006; Park & Oliver, 2008a; Sickel &
Friedrichsen, 2017; Zembal-Saul et al., 2002). Given an increase in reflective practice is the most
prevalently cited benefit of the edTPA within the literature, this result was anticipated (Bacon &
Blachman, 2017; Baecher et al., 2017; Barron, 2015; Behizadeh & Neely, 2018; Clayton, 2018;
Davis & Armstrong, 2018; Huston; 2017; Margolis & Doring, 2013; Micek, 2017; Paugh et al.,
2018; Ressler et al., 2016). However, in addition to influencing PSTs to be more reflective while
planning for and following instruction (reflection on action), this study also suggests that the
edTPA process influences PSTs' thinking while in the act of teaching (reflection in action). The
edTPA provides PSTs a framework to continue to reflect on, analyze, and hopefully improve
their teaching. Given teacher performance assessments, including the edTPA, by their nature
facilitate reflective practices (Park et al., 2007; Park & Oliver, 2008b; Sato et al., 2008), it is
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reasonable to conclude that the edTPA facilitates an increase in PCK development among PSTs
(Aydin, Demirdöğen, et al., 2013; Beyer & Davis, 2011; Dietz & Davis, 2009; Justi & Van Driel,
2006; Van Driel et al., 2002). The remainder of this section discusses the specific characteristics
of PSTs' PCK influenced by the edTPA process that was revealed during this study.
In addition to increasing PSTs' reflective practices, data analysis revealed that the edTPA
process influences PSTs' development of knowledge of students' understanding (KSU). In
particular, the edTPA's emphasis on students' prior academic knowledge and personal, cultural,
and community assets requires PSTs to draw upon, and in many cases expand, their KSU in
ways they have not done before. Thus, the edTPA served as a catalyst for PSTs to develop a
greater understanding of their students' prior knowledge, interests, and learning needs. This
conclusion is similar to that of Park and Oliver (2008b), who asserted that the NBC process had a
positive impact on teachers' knowledge related to their "understanding of students" (p. 824).
Likewise, similar to Park and Oliver (2008b), this study revealed that this increased awareness of
students' understanding influenced PSTs' instructional practices; in particular, PSTs described
how they more carefully considered their students' prior knowledge, interests, and learning needs
while selecting learning tasks and instructional materials. PSTs' improved understanding of
individuals and groups of students enabled them to differentiate their instruction more
effectively. This finding suggests that the edTPA facilitates PSTs' development of KSU and a
greater connection between PSTs' KSU and their knowledge of instructional strategies and
representations (KISR).
Concerning the selection of instructional strategies and activities, the results of this study
suggest that the edTPA's conceptualization of science teaching through inquiry likely fosters
PSTs exploration and analysis of student-centered, inquiry-oriented instruction. This assertion is
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supported by the increase in student-centered, inquiry-based instruction observed in participants'
edTPA lesson plans and submitted video clips. Even PSTs who had frequently implemented
hands-on, lab-based assignments described how the requirements of the edTPA had triggered
them to evaluate how inquiry-oriented their instruction was and consider how slight
modifications could have their students engage in a higher number of scientific practices. In
addition to an increase in lab-based activities, another positive influence of the edTPA process
revealed by this study was that the edTPA's focus on academic language promoted PSTs to
explore and implement several new instructional strategies to increase students' use of scientific
discourse. These findings complement those of Park and Oliver (2008b), who proposed the
requirements of the NBC process had prompted teachers to relinquish safe and familiar practices
for those that would meet the National Board's standards. What is perhaps unique about this
study's findings was that the changes in the characteristics of PSTs' instruction did not coincide
with any noteworthy shift in their orientations to science teaching. Instead, the PSTs leveraged
the assessment's high-stakes nature to assume greater control over lesson planning from their CT
or PLT and then implemented instruction more aligned with their actual beliefs about teaching.
In short, this study found the edTPA portfolio creation process facilitated PSTs development of
knowledge of instructional strategies and representations and increased their implementation of
student-centered, inquiry-based instruction, which, in turn, increased their PCK.
The component of PSTs' PCK that was the most strongly influenced by the edTPA
portfolio creation process was their knowledge of assessment (KAs). Given both Park and Oliver
(2008b) and Sato (2008) asserted that the NBC portfolio creation process had positively
influenced in-service teachers' understanding of KAs, the influence of the edTPA on PSTs' KAs
was not unexpected. In the PSTs' edTPA portfolios, not only did the frequency and diversity of
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assessments increase, but PSTs demonstrated a greater understanding of the role of assessment in
guiding instruction. The edTPA conceptualizes effective teaching as "an interactive cycle of
planning, instruction, and assessment" (SCALE, 2018b, p. 1). Given this, in creating their edTPA
portfolios, many PSTs were required to rapidly develop their KAs to meet the requirements of
the assessment. In particular, the PSTs repertoire of assessment methods increased as PSTs
recognized that their previous assessment strategies were inconsistent and not capable of the
level of analysis of student learning many of the edTPA rubrics required. Several teacher
candidates discussed how challenging the in-depth analysis of student learning required in Task
Three: Assessment was and how that necessitated them to seek additional resources about
assessment methods. As PSTs KAs developed, it was more frequently integrated, and therefore,
enhanced their PCK. As seen in Figure 5.1, the relationship between KSU-KISR-KAs was a
hallmark of all the PSTs' PCK Maps created from their edTPA materials, forming a distinct
triangle between the three components.
Because the edTPA portfolio creation process typically occurs within PSTs' clinical
student teaching experience, it is inherently challenging to make inferences about what aspects of
PCK development are a result of PSTs' experience with the edTPA versus other well-established
sources of PCK development which occur during the student teaching (e.g., teaching experience,
observation of classes, interactions with CTs and other mentors, and reflection [Grossman, 1990;
Hanuscin et al., 2011; Kanter & Konstantopoulos, 2010; Luft et al., 2011; Park & Oliver, 2008a,
2008b; Shulman, 1987; Van Driel et al., 1998, 2008]). However, the increase in PCK Level
which was observed in lessons that coincided with PSTs' edTPA learning segment suggests that
portfolio creation process does influence, if perhaps only temporarily, the characteristics of
PSTs' PCK. It is also noteworthy that all of the PSTs in this study, even those who were critical
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of the edTPA, believed that the edTPA process had, in general, positively influenced their
understanding of teaching and felt that they had become better teachers because of the
experience.
In addition to the more direct influences of the edTPA previously discussed, it seems that,
due at least in part to the high-stakes nature of the edTPA, many PSTs sought out additional
learning opportunities that potentially influenced their PCK development. These more indirect
influences of the edTPA on PSTs' PCK development included conducting more classroom
observations during science methods coursework, assuming teaching responsibilities during
student teaching earlier, seeking out greater autonomy in lesson planning, and an overall increase
in reflective practices including more frequent reflective conversations with their CT, PLT, and
other student teachers. In addition, half of the PSTs discussed how their experience with the
edTPA had increased their interest in seeking National Board Certification (NBC) once they
were eligible. Given that Park and Oliver (2008b) argue the NBC process is "a catalyst for
improving teaching" (p. 828), it seems the potential influence of the edTPA on teachers' PCK
could take years to be fully realized.
In conclusion, while the appropriateness of using the edTPA as a high-stakes assessment
should likely continue to be debated given its potential for misuse, concerns regarding its
reliability and validity, and potentially harmful implications for multicultural education
(Cochran-Smith et al., 2013, 2016; Gitomer et al., 2019; Petchauer et al., 2018; Williams et al.,
2019), the results of this study provide empirical support that the edTPA process positively
influences many aspects of preservice teachers' PCK development. Thus, this study supports the
edTPA's claim of being an "educative assessment" with the edTPA portfolio serving as both an
assessment and valuable professional development (SCALE, 2018a, p. 1). While the PSTs might
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have eventually become more reflective and further developed and integrated their knowledge of
students' understanding, instructional strategies, and assessment into their PCK without going
through the edTPA process, it is clear that the edTPA process accelerated the rate at which they
developed their professional knowledge for teaching. When asked what she felt she had learned
from the edTPA, Piper said the edTPA process helped her recognize "there is a lot more thinking
involved in teaching then people let on...there are so many things you really need to consider all
at once" (Piper, edTPA/final interview). This statement highlights the crux of Shulman's (1986)
argument in his AERA Presidential Address over 34 years ago — teaching is a highly complex
cognitive task, one that only a real professional teacher is capable of. Because “those who can,
do” but “those who understand, teach” (Shulman, 1986, p. 14).
Limitations
Although this study's findings provide valuable insights into preservice teachers' PCK, I
acknowledge there are several limitations of this study. First, this study involved a relatively
small number of participants whom all attended the same teacher preparation program; therefore,
the generalizability of this study's results to a larger population is somewhat limited. However,
by providing thick descriptions of the teacher preparation program, settings, and participants of
this study, I attempted to increase transferability by allowing the readers to more critically
compare and contrast the findings and implications of this study to other studies and other
teacher preparation programs.
Second, by analyzing only a limited number of lessons (often just one lesson) at each of
the various checkpoints during the final year of teacher preparation, the findings might have
captured only a snapshot of participants' PCK at that time. Additionally, to reduce the demands
on participants within this study, many of the data sources which were collected and analyzed
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were assignments, projects, and written reflections that the PSTs had to complete as
requirements of their teacher preparation program; this also included the edTPA portfolio. While
this approach allowed me as the researcher to collect a tremendous amount of qualitative data for
each participant, it also meant I was often not in control of the nature or attributes of the various
data sources. This approach presented some challenges in evaluating PSTs' PCK development
from data sources, which were often quite different at each of the various checkpoints throughout
this study (i.e., 2-day lesson plans vs. a five-lesson unit plan; a 20-minute lesson to other PSTs
vs. a 90-minute lesson to actual students). Park and Suh (2015) argued that interviews provide
access to the context of teachers' actions and meanings associated with the actions that allow
researchers to reach a more complete estimate of a teacher's PCK. In this regard, the pre- and
post-observation interviews were crucial in accurately interpreting each participants' PCK.
Third, while a teacher's understanding of the context in which they teach is an essential
component of both the RCM and the Pentagon model of PCK (Carlson et al., 2019; Park &
Oliver, 2008a), the enumerative process of PCK Mapping approach does not explicitly visualize
or quantify the contextual factors discussed by many of the participants. In other words,
identified contextual factors are described in the process of in-depth analysis. However, when the
analysis results were visually represented in the Pentagon model, there is currently no
mechanism to represent the contextual factors due to the Pentagon model's focus on the five
components (Park, 2019). This limitation was partially addressed by using complementary a
priori codes to represent the interplay between various components of PCK and contextual
knowledge.
Fourth, the PCK Mapping approach assumes there is a connection between any two
components identified in a PCK Episode and that each of the connections has the same degree of
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strength. While this assumption is made for analytical convenience, it does limit the PCK Map
approach somewhat in that it can only identify, visualize, and quantify the frequency at which
components are integrated and not the quality of the integration between said components. Also,
according to the working definition of PCK used within this study, evidence of individual
components of PCK that were not explicitly connected with another component would not have
been recorded or visualized on a PCK Map. In other words, the PCK Map approach is not
necessarily well-suited to capture the development of individual knowledge bases for teaching.
These limitations of the PCK Mapping approach were also addressed by using complementary a
priori codes and examining how the frequency of each a priori code changed over time. Readers
were also provided with thick descriptions of PSTs' PCK to more accurately represent the
evolving nature of the connections between various components of PCK and the subtle
characteristics of PCK development that were not well captured in PSTs' PCK Maps. Despite
this study's limitations, this study yielded productive results that give rise to several implications
for future research, teacher education programs, and policy.
Implications
Implications for Future Research
As this study is the first to use the PCK Map approach (Park & Chen, 2012; Park & Suh,
2019) to investigate the characteristics of PCK and PCK development of PSTs during their final
year of an undergraduate teacher preparation program, including student teaching and the edTPA
portfolio creation process, it offers several implications for science education research. First, the
study has implications for methodological approaches used to evaluate PSTs' PCK development.
While this study found the PCK Map approach was valuable is recognizing several
characteristics of PSTs' PCK, due to some of the methodological assumptions of the PCK Map
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approach described earlier, the PCK Map approach was unable to differentiate many of the more
subtle characteristics of PCK development identified using the constant comparative method.
The risk of oversimplifying the complex construct of PCK was a limitation Park and Chen
(2012) recognized when they first created the PCK Map approach. Using a PCK scoring rubric
similar to that used by Aydin and Boz (2013) to gauge the strength of each PCK connection
would have assisted in recognizing the subtle differences in integration between PCK
components. However, this modification to the PCK Map approach still would not have
captured the development of the individual knowledge bases for teaching included in both the
Pentagon (Park & Oliver, 2008a) and the Refined Consensus Model (Carlson et al., 2019) (i.e.,
knowledge of instructional strategies and representations [KISR], knowledge of students'
understanding [KSU], knowledge of assessment [KAs], knowledge of science curriculum
[KSC]).
The results of this study suggest that PSTs often develop the various knowledge bases for
teaching individually before being able to blend them together synergistically to solve problems
of practice. As such, future investigations of PSTs' PCK development will need to consider how
they can continue to refine existing or develop new methodological approaches to more precisely
capture and represent this process. The expanded PCK Maps presented in Figure 5.1 offer a
potential means of more precisely representing the complexity of PSTs' development of their
knowledge for teaching. However, while the expanded PCK Maps capture both the relative
strength/importance of each knowledge base for teaching and the strength of the relationship
between the constituent components of PCK, they still pay insufficient attention to the contextual
factors which influence PCK and PCK development. The findings of this study, in particular the
contrasting participant profiles of Brooke and Piper, suggest that contextual factors, such as the
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number of courses a PST teaches and the amount of autonomy they have to plan instruction
during their student teaching internship have a dramatic influence on PSTs' PCK and PCK
development. Therefore, further research is needed to understand better the influence of
contextual factors on PSTs' PCK development. The RCM's inclusion of learning context as an
amplifier and a filter of teachers' PCK underscores the importance of PCK researchers making
further adjustments to the PCK Map approach to explicitly include contextual factors associated
with science teachers' PCK (Park & Suh, 2019).
This study also has implications of how to better monitor the characteristics of PSTs'
PCK development over an extended period of time. While this study's data collection approach
allowed the researcher to collect a tremendous amount of qualitative data over an extended
period of time without much of an additional time commitment on behalf of the participants,
future researchers would be advised to carefully consider how they could collect data that is
more comparable or uniform between checkpoints. As many PCK researchers are also teacher
educators, they are well-positioned to develop and implement key assignments that capture the
complexity of PSTs' PCK and PCK development in science methods courses. These key
assignments could be developed from existing assignments which are commonplace in teacher
education, such as the Methods I 2-day lesson plan or the Methods II unit plan, by simply adding
a set uniform reflective writing prompts similar to the pre- and post-observation interview
questions of this study (see Appendix A) or the edTPA portfolio. Also, at various points
throughout a teacher education program, future researchers/teacher educators could have PSTs
develop Content Representations (CoRes) (see Loughran et al., 2004, 2006), a reflective
thinking strategy which has already been found to improve teaching and PCK development
among PSTs (Betram, 2014; Bertam & Loughran, 2012; Hume & Berry, 2011, 2013; Loughran
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et al., 2008, 2012). Future researchers should strongly consider how CoRes could be used in
combination with the PCK Map approach to better examine the characteristics of PSTs' PCK and
PCK development.
The results of this study also suggest identifying PCK learning progressions or stages
among preservice science teachers will likely require subsequent longitudinal studies to
investigate PSTs PCK development over even more extended periods of time. While this study
found that some components of PSTs' PCK developed incrementally (e.g., KSU, KSC),
particularly during the student teaching semester, others remained relatively stable (e.g., KAs,
KISR, OTS). Likely, some aspects of PSTs' knowledge of teaching had already developed before
this study began, while others may not develop substantially until teachers have the autonomy of
their own classroom and must make pedagogical decisions on their own. Thus, further research
should consider evaluating PSTs' PCK and PCK development when they begin teacher
preparation and extend their investigations into their first few years of in-service teaching.
Similar to the conclusions of Park & Oliver (2008b), which examined in-service teachers
seeking National Board Certification, the results of this study suggest that the edTPA portfolio
creation process influences preservice teachers' PCK development and teaching practices in
numerous ways. However, not all of the influences identified were potentially positive, and the
recognizable influence seems to be somewhat short-lived. Therefore, further research is needed
to investigate further the potential benefits versus the unintended consequences of the edTPA
process on PSTs' PCK development. Further longitudinal studies are needed to better understand
the sustainability of the effects of the edTPA process. These studies should examine whether the
reflective and inquiry-oriented teaching practices observed in this study continue into their
careers as beginning science teachers. Finally, as this study focused on only one subject area,

199
science, research regarding the edTPA's influence on PCK development among preservice
teachers in other subject areas is suggested.
Implications for Teacher Preparation Programs and Policy
Based on the findings and discussion, several recommendations for science teacher
preparation programs and policies surrounding teaching preparation are made. The first, and
potentially the most considerable implication of this study for science teacher education, is the
student teaching experience's influence on PSTs' PCK development. The stark difference in PCK
quality between Brooke and Piper highlights the importance of not only teaching experience but
also the contexts of PSTs' student teaching placements in facilitating PCK development. This
study asserts that PSTs' knowledge of students' understanding, one of the most critical
components of developing high-quality PCK (Carlson & Daehler, 2019; Gess-Newsome, 2015;
Magnusson et al., 1999; Park & Oliver, 2008a; Shulman, 1987), is primarily developed through
teaching experience. With this in mind, teacher educators should seek to increase the
opportunities PSTs have to observe experienced teachers and to teach themselves during early
field placements. Teacher preparation programs should also carefully consider the contexts of
PSTs' student teaching placements, including the orientations to teaching science of CTs, the
number of courses a PST would be expected to teach (being particularly conscious of courses
that sit outside the content area the PST was prepared to teach), the nature of the PLTs student
teachers may be involved in, and the degree to which the CTs feel comfortable giving PSTs
opportunities to have more autonomy while lesson planning. Teacher educators should also make
sure that teaching experiences are frequently accompanied by reflection.
If developing preservice teachers PCK is a goal of a teacher preparation program, and
given the connection between PCK, teacher quality, and student achievement it should be
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(Campbell et al., 2014; Förtsch et al., 2016; Gess-Newsome, 2013; Kanter & Konstantopoulos,
2010; Keller et al., 2017; Kunter et al., 2013; Park et al., 2011; Roth et al., 2011; Sadler et al.,
2013), then it stands to reason PSTs should understand and be asked to reflect on what they are
trying to develop. Unfortunately, more often than not, the knowledge bases of PCK (e.g., subject
matter, pedagogy, knowledge of assessment [KAs], knowledge of instructional strategies and
representations [KISR], etc.) are taught independent of one another, leaving preservice teachers
to develop the amalgam that is PCK themselves (Abell, 2008). In Shulman's (1986) original
conceptualization of PCK, he argued what distinguishes mere craft from a profession is that "the
professional holds knowledge, not only of how— the capacity of skilled performance— but also
of what and why" (p. 13). To draw an analogy along the same theme as Shulman, the results of
this study suggest that while the PSTs developed a repertoire of instructional strategies (KISR)
and to a lesser degree assessments (KAs), the "tools of the trade" if you will, they often struggled
to develop the professional judgment, the what and why, needed to select an appropriate tool for
the job at hand, teaching a particular topic for a particular purpose to particular students in a
particular learning context for enhanced student outcomes (paraphrasing the definition of
personal PCK from Gess-Newsome, 2015, p. 36). By not only focusing on the development of
individual knowledge bases for teaching, but also making PCK explicit, and PCK development a
primary focus, science teacher education programs could potentially increase their impact on
PSTs’ PCK development and thus positively influence the characteristics of PSTs’ PCK.
In addition to making PCK a more explicit focus, given the integral role of reflection in
PCK development, teacher education programs should place a greater emphasis on developing
reflective teaching practices among their candidates. Both CoRes (Loughran et al., 2004, 2006)
and the edTPA portfolio could serve as appropriate templates for developing reflective writing
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prompts and assignments implemented in science education methods coursework. While
modeling writing prompts and methods assignments after the tasks of the edTPA portfolio could
be fairly categorized as "teaching to the test" given its widespread use in teaching licensure
(SCALE, 2020), the results of this study strongly suggest the edTPA portfolio creation process
facilitates preservice teachers' reflection on and analysis of teaching practice. This type of
reflective practice enables PSTs to identify and respond to dilemmas of practice more readily,
more frequently analyze their teaching practices, and demonstrate a willingness to take risks and
explore alternative pedagogical approaches (Darling-Hammond & Bransford, 2007; Davis et al.,
2006; Park & Oliver, 2008b; Zeichner & Liston, 1996). Further, it can be argued that helping
teacher candidates become more familiar with the process of the edTPA would likely reduce
some of the unintentional consequences and disparate impacts of the assessment cited in the
literature (Micek, 2017; Petchauer et al., 2018; Williams et al., 2019). This assertion is supported
by several studies that suggest this kind of institutional support has a significant impact on
candidate scores on the edTPA (Davis et al., 2015; Denton, 2018; Donovan & Cannon, 2018;
Lys et al., 2014; Ledwell & Oyler, 2016).
While this study identified several potentially positive influences of the edTPA on PSTs'
PCK development, its' positioning inside the full-time clinical teaching internship is potentially
problematic. In particular, to complete their edTPA portfolio by the program's submission
deadline, other sources of PCK development were temporarily short-changed by PSTs. One
possible solution to tensions related to the timing of the edTPA would be to explore having
candidates complete the edTPA during the field experience component of a methods course the
semester before full-time student teaching. Muth et al. (2018) found this alternative timing
helped ease the tensions associated with edTPA completion, positively impacted the student
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teaching experience, and increased the ability to use the edTPA to formatively support candidate
growth. The results of this study suggest that PSTs would likely benefit from applying what they
learned from the edTPA throughout their experience of student teaching instead of just during a
portion. Furthermore, Muth et al. (2018) found candidates who completed the edTPA earlier
during their final year of teacher preparation scored about the same as those who completed it
during student teaching. Considering the results of Muth et al. (2018) and this study, it seems
reasonable to conclude that adopting this alternative timing of the portfolio creation process
would likely have little consequence on the edTPA as an assessment but could maximize its
impact as a professional development.
Chapter Summary
This chapter discussed the results of this study, including the characteristics of PSTs PCK
and PCK development during their final year of teacher preparation and the influence of the
edTPA on PSTs PCK and PCK development. The limitations of this study and how they were
addressed were also discussed. Finally, the implications for science education research, science
teacher preparation programs, and policy surrounding teaching preparation were discussed.
Overall, this study expands the growing body of scholarship surrounding the
characteristics of PCK and PCK development among PSTs and was the first empirical study to
investigate the impact of the edTPA on PSTs' PCK development. Considering the edTPA's near
nationwide implementation (SCALE, 2020), further research is still needed to understand the
edTPA's impact on preservice teachers' development of PCK, PSTs' teaching practices, and its
impact on science teacher education and science education as a whole. Currently, more states
have implemented the edTPA as a high-stakes assessment than there have been empirical studies
about its impact as a gatekeeper for the teaching profession and its impact on preservice teachers'
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development of their professional knowledge for teaching. So as this study concludes, another
cycle of research must begin.
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Appendix A
Pre- and Post Observation Semi-Structured Interview Protocol
(adapted from Park et al. (2011) and Sickel & Friedricksen (2017))
Background Questions
1.
2.
3.
4.
5.

Could you tell me about your background in science and science teaching?
What do you see as your teaching strengths?
What areas do you feel are relatively weak in your teaching?
In what ways would you define science teaching?
How do you think students learn science? When do your students learn science best?

Pre-Observation Interview
First, please talk us through your lesson plans for this instructional unit. Could you briefly
describe today’s lesson? What will you be doing, and what will the students be doing?
Knowledge of Curriculum
Say to the Participant: These next questions are designed for us to know something about
where your ideas for these two days came from.
1. What are your purposes and goals for this instructional unit? How did you decide on these
purposes and goals?
2. Where did you get your ideas for teaching (this topic)?
a. Tell me about the materials (lecture notes, handout, transparencies) you prepared.
Where did the materials (lecture notes, activities, worksheets, etc.) come from?
b. What modifications did you make to existing materials?
c. How do you think these materials will help or hinder achieving the purpose of your
plans?
3. How does (this topic) fit into the “big picture” of what students learn about science in their
previous school years and later high school years?
Knowledge of Learners
Say to the Participant: Another part of what a teacher knows has to do with how students
think about science. The next questions are designed to probe what you know about how
students might think about (this topic).
1. Tell me about the students in this class, in terms of science.
a. Tell me more about your students’ attitudes about science.
b. Tell me about your students’ science abilities.
2. What do you think students will already know about this topic?
a. Why do you think that they may know that?
b. Where do you think they may have learned this?
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3. Do you expect students to have difficulty with anything that you have planned?
a. What part of this will be the most difficult for them?
b. How did you find out this was hard for them?
c. Why do you think they will have difficulty with that?
Knowledge of Instructional Strategies
Say to the Participant: I want to know more about how you organized the instruction
during this unit. The next questions will help me better understand your decisions
about what and how to teach (this topic).
1. From your plan, it appears that you chose to start the class (continue class; end the class)
with __________________ (i.e., warm-up, lecture, experiment, investigation). Talk to me
about making that decision.
a. Why did you choose to start this way?
b. Where did you learn about this way to start (continue; end) a class?
c. Did you consider starting (continuing; ending) the class in a different way?
Why/why not?
d. What other plans did you consider?
e. What other factors influenced your planning decisions?
2. I noticed that you used a picture (graph, equation, analogy…) in your plan. Tell me why
you used that ____________ at that point in your plan.
a. How do you think this (picture, graph, equation, analogy) helps students learn about
(this topic)?
b. Did you consider representing that idea another way?
c. Where did this (picture, graph, equation, analogy) come from?
d. Tell me about the sequence of representations you used in class today. Would it
make a difference if you used a different sequence?
Knowledge of Assessment
Say to the Participant: The last area I want to ask you about is how you will know what
students learn from these lessons.
1. During your instruction, what do you plan to assess? Why do you think it is important to
assess this?
2. How do you plan to assess these (topics)?
a. Describe how you will find out if students learned what you intended? Are there
other ways that you might know what your students learn in class?
b. How will you find out what your students learned about (a specific idea within) the
unit?
c. Where did you learn about those strategies for finding out about what students
learned?
3. What will you do with the information you gain from the assessment?
4. What challenges do you foresee as you assess students?
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Is there anything else about your plans that you want me to know?
Post-Observation Interview
Purpose: to use teaching experiences and lesson plans to help teachers describe their
knowledge.
1. [K of Curriculum] Did the lessons achieve the purpose you intended? Why do you think
that? How did your curriculum materials support or hinder you in implementing your plan?
In what other topics/units can your representations be used? Why did you decide to use it
for this topic?
2. [K of Learners] What do you think the student was thinking? Why do you think the
student was having difficulty at that point? What misconceptions do students typically have
when completing a lesson like this? What do student difficulties with this topic typically
look like? How do you know?
3. [K of Instructional Strategies/Representations] Tell me about that representation
(graph/chart/sketch) or strategy? Why did you decide to use that? How could you use this
representation or strategy in a different way? Where did you learn to use it that way? Have
you always used that? What experiences informed the way you use it now?
a. How does the way you used this representation or strategy improve the lesson?
b. What changes would you make if you were to use this strategy again?
4. [K of Assessment] What do you think students got out of the lesson today? How do you
know? Tell me about how you found out about student learning?. Why did you decide to
use this particular assessment strategy? Where did that idea come from? What does student
understanding look like as demonstrated by their knowledge on this assessment? What
changes would you make if you were to use this assessment again?
5. [SMK] How comfortable are you with the subject matter for this topic? Where did you
learn about this topic in your prior coursework or experiences? Describe this topic to me.
6. [Orientations/Beliefs] Imagine your best day of teaching science.
a. Describe what makes it a “best day” for you.
b. How do these lessons that you have taught compare to your “best day” description?
c. Now consider a typical day of teaching science.
d. What is the teacher’s role in a typical science lesson?
e. What is the students’ role in a typical science lesson?
f. How do you think students learn science best? What about this particular group of
students? Why do you think that?
g. How do you prefer to teach science?
h. How does this compare to other teachers?
i. How does this compare to what you have learned in your teacher preparation
program?
j. In what ways have your ideas about teaching science changed since you began
teaching? (Probe for sources of these changes).
k. Now think of yourself as a science learner, how do you best learn science concepts?
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Appendix B
edTPA Semi-Structured Interview Protocol
(adapted from Park et al. (2011) and Sickel & Friedricksen (2017))
Student Teaching in General
1. Overall, tell me about your experience as a classroom science teacher thus far?
2. What do you feel like you learned over the past semester student teaching?
3. In what ways have your ideas about teaching science changed over the past year? (Probe
for sources of these changes.)
4. What do you see as your teaching strengths? What areas do you feel are relatively weak
in your teaching? What areas do you feel like you improved the most over your student
teaching experience?
5. What has been the most difficult aspect of the student teaching internship? Why? What
was the easiest? Why?
6. Do you feel like your coursework adequately prepared you to be successful during your
student teaching internship? Why or why not?
7. If you could do your whole student teaching experience over again, what would you have
done differently?
8. Was there anything you didn’t expect about your student teaching experience, either
positive or negative?
Knowledge of Context
1. Briefly tell me about the school in which you completed your student teaching.
a. Tell me about your students’ background.
b. Were there any requirements or expectations of the district, school, or your
cooperating teacher requirements or expectations which presented a challenge?
c. Describe your physical classroom. Did this provide any limitations to your
instruction?
d. How did you select your class to focus on for your edTPA?
2. What instructional resources were available for you to use during your learning segment?
Knowledge of Curriculum
First, could you please talk us through your lesson plans for your edTPA portfolio?
Say to the Participant: These next questions are designed for us to know something about
where your ideas for these two days came from.
1. What was the central focus and purpose for the learning segment of your edTPA
portfolio? How did you decide on your learning segment?
2. What state standards did your learning segment align with? Describe to me how you
developed the learning objectives of your lesson.
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3. How does (this topic) fit into the “big picture” of what students learn about science in
their previous school years and later high school years? What about inter-disciplinary
connections?
4. Where did you get your ideas for teaching (this topic)?
a. Tell me about the instructional materials (lecture notes, handout, transparencies)
you prepared. Where did the materials (lecture notes, activities, worksheets, etc.)
come from?
b. What modifications did you make to existing materials?
c. How do you think these materials will help or hinder achieving the purpose of
your plans?
5. Knowing what you know now, what changes would you make to your learning segment?
Why would you make those changes?
6. Did the edTPA influence your thinking regarding aligning instruction to learning
objectives/standards? If so, how?
7. Describe to me how you integrated inquiry into your instruction? Did the edTPA
influence your thinking or understanding regarding inquiry-based science instruction?
Subject-Matter Knowledge
1. How comfortable are you with the subject matter for this topic? Where did you learn
about this topic in your prior coursework or experiences? Describe this topic to me.
Knowledge of Learners
Say to the Participant: Another part of what a teacher knows has to do with how students
think about science. The next questions are designed to probe what you know about how
students might think about (this topic).
1. Tell me about the students’ science abilities in this class, in terms of this topic.
a. Tell me more about your students’ personal, cultural, or community assets.
b. Before the edTPA, how often did you consider students’ personal, cultural, or
community assets when planning for science instruction? Has that changed? If so,
why?
2. What did you think students will already know about this topic?
a. Why did you think that they may know that?
b. Where do you think they may have learned this?
3. Did you expect students to have difficulty with anything that you had planned?
a. What part of this will be the most difficult for them?
b. How did you find out this was hard for them?
c. Why do you think they will have difficulty with that?
4. How does your knowledge about students' thinking influence your teaching of this idea?
a. Do you believe the edTPA has influenced your knowledge of students’ thinking?
b. If so, in what ways?
5. Describe how you developed lesson plans to meet each of your students’ needs?
Knowledge of Instructional Strategies
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Say to the Participant: I want to know more about how you organized the instruction
during this unit. The next questions will help me better understand your decisions
about what and how to teach (this topic).
1. Briefly, describe to me your planned instructional strategies and supports from your
lesson plans.
a. Why did you choose to plan your instruction in this way?
b. Where did you learn about these instructional strategies?
c. What other plans/instructional strategies did you consider?
d. What other factors influenced your planning decisions?
2. I noticed that you used a picture (worksheet, lab, activity…) in your plan. Tell me why
you used that ____________ at that point in your plan.
a. How do you think this (worksheet, lab, activity) helps students learn about (this
topic)?
b. Did you consider teaching that idea another way?
c. Where did this (worksheet, lab, activity) come from?
d. What changes would you make if you were to use this strategy again?
3. Compared to other lessons you taught during student teaching, how “typical” were the
instructional strategies and classroom activities you implemented in your edTPA learning
segment?
a. Did the requirements of the edTPA influence your decision in selecting
instructional strategies and classroom activities? If so, in what ways?
b. Did you try any instructional strategies or classroom activities for the first time
during your edTPA lessons? If so, why?
4. Tell me a little bit about how you supported students’ understanding of academic
language.
a. Before the edTPA, was academic language something you considered when
planning and enacting instruction?
b. Has that changed? If so, why?
5. Tell me about the process of recording your instruction for Task 2? Did this present any
particular challenges?
6. How did you go about selecting your video clips for Task 2? How much did you video?
Was it difficult to select video clips? Where there any clips you considered using but then
did not? Why?
Knowledge of Assessment
Say to the Participant: The last area I want to ask you about is how you will know what
students learn from these lessons.
1. During your instruction, how did you plan to assess student learning? Why do you think
it is important to assess this?
a. Where did you learn about those strategies for finding out about what students
learned?
b. Are there any modifications you would make to your assessment plan?
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2. What challenges did you foresee as you assess students?
a. What unexpected challenges did your experience while assessing students?
b. What accommodations/modifications did you make to your assessments?
3. Tell me a little bit about the process of selecting an assessment for Task 3?
a. How did you go about analyzing the assessment to determine patterns in student
learning for Task 3?
i.
Did you expect certain patterns in student learning? Was there anything
you didn’t expect but observed?
b. How did you select your three focus learners?
i.
Explain your process in giving student’s feedback.
4. What did you do with the information you gain from the assessment?
5. Do you believe the edTPA has influenced how you assess student learning? If so, in what
ways?
6. Do you believe the edTPA in any way influenced how you think about assessing student
learning? If so, in what ways?
Post-edTPA Reflection
1. In what ways has edTPA impacted you and your student teaching semester? What do you
feel, if anything, you learned anything from the edTPA portfolio creation process?
2. Has the edTPA influenced how you plan for science instruction? If so, how?
3. What did you learn, if anything, about your students and your teaching through the
edTPA creation process?
4. What task was the most difficult? Why? What task was the easiest? Why?
5. Do you feel like your coursework adequately prepared you to successfully complete the
edTPA? Why or why not?
6. What resources were the most helpful to you during the edTPA creation process?
7. Do you feel completing the edTPA will improve your performance as a classroom
teacher? Why or why not?
8. Did the edTPA creation process influence what factors you think about, and/or their
relative importance, when planning science instruction? If so, how?
9. What score do you think you will make on the edTPA? What is your rationale behind that
score?
10. If you had to do the whole process again, what would you have done differently?
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Appendix C
PCK Evidence Reporting Table
From Park & Oliver (2008b) modified by Norville (2019)
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Appendix D
How Can I Come to Know My Research Questions?
Research Question 1.
What are the characteristics of preservice science teachers’ PCK at various points during the
final year of their teacher preparation program (TPP) (the semester before student teaching, the
beginning of student teaching, edTPA submission, end of student teaching)?
What do I
need to know?

How can I know?
Possible Data Sources

What examples of
PCK do PSTs
demonstrate while
planning, enacting,
and reflecting on
science instruction
at various points
during the final
year of their TPP?

What PCK
components do
PSTs integrate
while planning,
enacting, and
reflecting on
science instruction
at various points
during the final
year of their TPP?

Observations; Semistructured Interviews;
Documents/Artifacts
(Lesson plans,
instructional materials,
assessments, written
reflections, edTPA
materials, CoRe
activity) Field Notes;
PCK Evidence
Reporting Table,
Surveys (TSI, STEBIB)

Major Interview Questions
OTS: How do you think students learn science best? How
do you prefer to teach science? In what ways have your
ideas about teaching science changed since you began
teaching?
KSC: What are your purposes and goals for this lesson?
How does (this topic) fit into the “big picture” of what
students learn about science in their previous school years
and later high school years?
KSU: Do you expect students to have difficulty with
anything that you have planned?
KISR: Tell me about that representation (picture, graph,
analogy) or strategy? How do you think this representation
or strategy helps students learn about (this topic)?
KAs: How do you plan to assess these (topics)? Why did
you decide to use this particular assessment strategy?
●
●
●
●
●
●

Did the lessons achieve the purpose you intended? Why
do you think that?
What do you think students will already know about
this topic? Why do you think that they may know that?
What do student difficulties with this topic typically
look like? How do you know?
What changes would you make if you were to use this
strategy again? Why?
What did you do with the information you gained from
the assessment?
How did your instructional materials support or hinder
you in implementing your lesson plans?
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Research Question 2.
What influence, if any, does the edTPA portfolio creation process have on preservice science
teachers’ PCK development?
What do I
need to know?

How can I know?
Possible Data Sources

Major Interview Questions

How indicative is a
teacher candidate’s
edTPA portfolio of
their PCK outside
the assessment?

●

In what aspects of
science teaching do
PSTs make changes
through the edTPA
creation process?
All data sources
previously described
How does the
in Research Question
edTPA creation
1 with particular
process influence
attention to the edTPA
changes to PSTs
semi-structured
planning,
interview, and edTPA
enactment, and
materials.
reflection of
science instruction?

●

●

●
●

●
●
●
●

●

Has the edTPA influenced how you plan for science
instruction? If so, how?
Compared to other lessons you taught during student
teaching, how “typical” were the instructional
strategies and classroom activities you implemented in
your edTPA learning segment?
Did you try any instructional strategies or classroom
activities for the first time during your edTPA lessons?
If so, why?
Did the requirements of the edTPA influence your
decision in selecting instructional strategies and
classroom activities? If so, in what ways?
Before the edTPA, how often did you consider
students’ personal, cultural, or community assets when
planning for science instruction? Has that changed? If
so, why?
Do you believe the edTPA has influenced your
knowledge of students’ thinking? If so, in what ways?
Do you believe the edTPA has influenced how you
assess student learning? If so, in what ways?
What do you feel, if anything, you learned from the
edTPA portfolio creation process?
Did the edTPA creation process influence what factors
you think about, and/or their relative importance,
when planning and enacting science instruction? If so,
how?
Do you feel completing the edTPA will improve your
performance as a classroom teacher? Why or why not?
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Appendix E
Teaching Science as Inquiry (TSI) Instrument
From Smolleck, Zembal-Saul, and Yoder (2006)
Please indicate the degree to which you agree or disagree with each statement below by circling
in the appropriate number as indicated below.
5 = Strongly Agree
4 = Agree
3 = Uncertain
2 = Disagree
1 = Strongly Disagree
When I teach science…

SA

A

UN

D

SD

1. I will be able to offer multiple suggestions for creating explanations from data.

5

4

3

2

1

2. I will be able to provide students with the opportunity to construct alternative
explanations for the same observations.

5

4

3

2

1

3. I will be able to encourage my students to independently examine resources in an
attempt to connect their explanations to scientific knowledge.

5

4

3

2

1

4. I possess the ability to provide meaningful common experiences from which
predictable scientific questions are posed by students.

5

4

3

2

1

5. I have the necessary skills to determine the best manner through which children
can obtain scientific evidence.

5

4

3

2

1

6. I will require students to defend their newly acquired knowledge during large
and/or small group discussions.

5

4

3

2

1

7. My students will select among a list of given questions while investigating
scientific phenomena.

5

4

3

2

1

8. I will provide opportunities through which children will obtain evidence from
observations and measurements.

5

4

3

2

1

9. I will expect my students to make the results of their investigations public.

5

4

3

2

1

10. I will be able to provide opportunities for students to become the critical
decision makers when evaluating the validity of scientific explanations.

5

4

3

2

1

11. I will be able to guide students in asking scientific questions that are
meaningful.

5

4

3

2

1

12. I will be able to provide opportunities for my students to describe their
investigations and findings to others using their evidence to justify explanations and
how data was collected.

5

4

3

2

1

13. I will create (plan) investigations through which students will be expected to
gather particular evidence.

5

4

3

2

1
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14. I will be able to negotiate with students possible connections between/among
explanations.

5

4

3

2

1

15. I will expect students to independently develop explanations using what they
already know about scientifically accepted ideas.

5

4

3

2

1

16. I encompass the ability to encourage students to review and ask questions about
the results of other students’ work.

5

4

3

2

1

17. I will be able to guide students toward appropriate investigations depending on
the questions they are attempting to answer.

5

4

3

2

1

18. I will be able to create the majority of the scientific questions needed for
students to investigate.

5

4

3

2

1

19. I possess the ability to allow students to devise their own problems to
investigate.

5

4

3

2

1

20. My students will make use of data in order to develop explanations as a result of
teacher guidance.

5

4

3

2

1

21. I will be able to play the primary role in guiding the identification of scientific
questions.

5

4

3

2

1

22. I will be able to guide students toward scientifically accepted ideas upon which
they can develop more meaningful understandings of science.

5

4

3

2

1

23. I possess the abilities necessary to provide students with the possible
connections between scientific knowledge and their explanations.

5

4

3

2

1

24. I will expect students to recognize the connections existing between proposed
explanations and scientific knowledge.

5

4

3

2

1

25. I will expect students to ask scientific questions.

5

4

3

2

1

26. I possess the skills necessary for guiding my students toward explanations that
are consistent with experimental and observational evidence.

5

4

3

2

1

27. My students will investigate questions I have developed.

5

4

3

2

1

28. My students will create scientific explanations based on evidence, as a result of
teacher assistance.

5

4

3

2

1

29. My students will derive scientific evidence from instructional materials such as
a textbook.

5

4

3

2

1

30. I will be able to encourage students to gather the appropriate data necessary for
answering their questions.

5

4

3

2

1

31. I will be able to offer/model approaches for generating explanations from
evidence.

5

4

3

2

1

32. I will be able to coach students in the clear articulation of explanations.

5

4

3

2

1

33. Through the process of sharing explanations, I will be able to provide students
with the opportunity to critique explanations and investigation methods.

5

4

3

2

1

34. I will require students to create scientific claims based on observational
evidence.

5

4

3

2

1
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35. I will expect my students to think about other reasonable explanations that can
be derived from the evidence presented.

5

4

3

2

1

36. I will be able to facilitate open-ended, long-term student investigations in an
attempt to provide opportunities for students to gather evidence.

5

4

3

2

1

37. I will be able to help students refine questions posed by the teacher or
instructional materials, so they can experience both interesting and productive
investigations.

5

4

3

2

1

38. I will be able to provide demonstrations through which students can focus their
queries into manageable questions for investigation.

5

4

3

2

1

39. I will require students to develop explanations using evidence.

5

4

3

2

1

40. I will be able to utilize worksheets as an instructional tool for providing a data
set and walking students through the analysis process.

5

4

3

2

1

41. My students will refine their explanations using possible connections to
scientific knowledge that have been provided.

5

4

3

2

1

42. I will be able to model for my students prescribed steps or procedures for
communicating scientific results to the class.

5

4

3

2

1

43. I will be able to provide my students with possible connections to scientific
knowledge through which they can relate their explanations.

5

4

3

2

1

44. I will be able to provide my students with evidence to be analyzed.

5

4

3

2

1

45. My students will engage in questions I have provided them.

5

4

3

2

1

46. My students will engage in questions that are provided by a variety of sources
such as the textbook.

5

4

3

2

1

47. My students will analyze data that has been supplied, while following teacher
instruction.

5

4

3

2

1

48. I will expect my students to clarify the questions provided in an attempt to
enhance science learning.

5

4

3

2

1

49. I will be able to provide my students with the data needed to support an
investigation.

5

4

3

2

1

50. My students will communicate and justify their explanations to the class using
broad guidelines that have been provided.

5

4

3

2

1

51. My students will choose the questions they would like to investigate from a list
provided.

5

4

3

2

1

52. My students will analyze teacher provided data in a particular manner.

5

4

3

2

1

53. My students will form their explanations using evidence that has been provided.

5

4

3

2

1

54. I will be able to provide my students with all evidence required to form
explanations through the use of lecture and textbook readings.

5

4

3

2

1

55. My students will construct explanations from evidence using a framework I
have provided.

5

4

3

2

1

56. I will expect my students to follow predetermined procedures when justifying
their explanations.

5

4

3

2

1
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57. My students will determine what evidence will be most useful for answering
their scientific question(s).

5

4

3

2

1

58. My students will design their own investigations and gather the evidence
necessary to answer a particular question.

5

4

3

2

1

59. I will expect my students to collaborate with me in an attempt to construct
criteria for sharing and critiquing explanations.

5

4

3

2

1

60. My students will share and critique explanations while utilizing broad guidelines
that have been provided.

5

4

3

2

1

61. I will expect students to use internet based resources or other materials to further
develop their investigations.

5

4

3

2

1

62. I will be able to model for my students the guidelines to be followed when
sharing and critiquing explanations.

5

4

3

2

1

63. I will be able to instruct students to independently evaluate the consistency
between their own explanations and scientifically accepted ideas.

5

4

3

2

1

64. I will expect my students to negotiate with me the criteria for sharing and
critiquing explanations.

5

4

3

2

1

65. I will be able to construct with students the guidelines for communicating results
and explanations.

5

4

3

2

1

66. I will expect my students to refine questions that have been provided.

5

4

3

2

1

67. I will be able to provide my students with explanations.

5

4

3

2

1

68. I will expect my students to justify explanations using given steps and
procedures.

5

4

3

2

1

69. My students will comprehend teacher presented explanations.

5

4

3

2

1
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Appendix F
Science Teaching Efficacy Belief Instrument (STEBI-B)
From Riggs & Enochs (1990)
Please indicate the degree to which you agree or disagree with each statement below by circling
the appropriate number to the right of each statement.
5 = Strongly Agree
4 = Agree
3 = Uncertain
2 = Disagree
1 = Strongly Disagree
SA

A

UN

D

SD

When a student does better than usual in science, it is often
because the teacher exerted a little extra effort.

5

4

3

2

1

I am continually finding better ways to teach science.

5

4

3

2

1

Even when I try very hard, I don't teach science as well as I
do most subjects.

5

4

3

2

1

When the science grades of students improve, it is most
often due to their teacher having found a more effective
teaching approach.

5

4

3

2

1

I know the steps necessary to teach science concepts
effectively.

5

4

3

2

1

I am not very effective in monitoring science experiments.

5

4

3

2

1

If students are underachieving in science, it is most likely
due to ineffective science teaching.

5

4

3

2

1

I generally teach science ineffectively.

5

4

3

2

1

The inadequacy of a student's science background can be
overcome by good teaching.

5

4

3

2

1

The low science achievement of some students cannot
generally be blamed on their teachers.

5

4

3

2

1

When a low achieving child progresses in science, it is
usually due to extra attention given by the teacher.

5

4

3

2

1

I understand science concepts well enough to be effective in
teaching elementary science.

5

4

3

2

1

Increased effort in science teaching produces little change in
some students' science achievement.

5

4

3

2

1

The teacher is generally responsible for the achievement of
students in science.

5

4

3

2

1
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Students' achievement in science is directly related to their
teacher's effectiveness in science teaching.

5

4

3

2

1

If parents comment that their child is showing more interest
in science at school, it is probably due to the performance of
the child's teacher.

5

4

3

2

1

I find it difficult to explain to students why science
experiments work.

5

4

3

2

1

I am typically able to answer students' science questions.

5

4

3

2

1

I wonder if I have the necessary skills to teach science.

5

4

3

2

1

Effectiveness in science teaching has little influence on the
achievement of students with low motivation.

5

4

3

2

1

Given a choice, I would not invite the principal to evaluate
my science teaching.

5

4

3

2

1

When a student has difficulty understanding a science
concept, I am usually at a loss as to how to help the student
understand it better.

5

4

3

2

1

When teaching science, I usually welcome student questions.

5

4

3

2

1

I don't know what to do to turn students on to science.

5

4

3

2

1

Even teachers with good science teaching abilities cannot
help some kids learn science.

5

4

3

2

1
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Appendix G
Teachers’ Sense of Efficacy Scale (TSES) Instrument
From Tschannen-Moran, Woolfolk, & Hoy (2001)
Please indicate your opinion about each of the questions below by marking any one of the five
responses in the columns on the right side, ranging from (1) “None At All” to (5) “A Great
Deal”.
5 = A Great Deal
4 = Quite A Bit
3 = Some Influence
2 = Very Little
1 = None At All

1. To what extent can you use a variety of assessment
strategies?
2. To what extent can you provide an alternative explanation or
example when students are confused?
3. To what extent can you craft good questions for your
students?
4. How well can you implement alternative strategies in your
classroom?
5. How well can you respond to difficult questions from your
students?
6. How much can you do to adjust your lessons to the proper
level for individual students?
7. To what extent can you gauge student comprehension of
what you have taught?
8. How well can you provide appropriate challenges for very
capable students?
9. How much can you do to control disruptive behavior in the
classroom?
10. How much can you do to get children to follow classroom
rules?
11. How much can you do to calm a student who is disruptive
or noisy?
12. How well can you establish a classroom management
system with each group of students?
13. How well can you keep a few problem students from
ruining an entire lesson?
14. How well can you respond to defiant students?
15. To what extent can you make your expectation clear about
student behavior?
16. How well can you establish routines to keep activities
running smoothly?
17. How much can you do to get students to believe they can
do well in schoolwork?
18. How much can you do to help your students value

Great
Deal
5

4

Some
Influence
3

2

None at
All
1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5
5

4
4

3
3

2
2

1
1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1
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learning?
19. How much can you do to motivate students who show low
interest in schoolwork?
20. How much can you assist families in helping their children
do well in school?
21. How much can you do to improve the understanding of a
student who is failing?
22. How much can you do to help your students think
critically?
23. How much can you do to foster student creativity?
24. How much can you do to get through to the most difficult
students?

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5
5

4
4

3
3

2
2

1
1
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Appendix H
A Priori Codes for Data Analysis
(Adapted from Norville, 2019)
A Priori Codes for Evidence of
Teacher Professional Knowledge and Skill
OTS: Orientations to Teaching Science (Kind, 2016)
OTS-A: Beliefs about the goals and purposes of science teaching
OTS-B: Beliefs about learning and teaching science
OTS-C: Beliefs about the Nature of Science (NOS)
KSU: Knowledge of Student Understanding
KSU-A: Misconceptions
KSU-B: Learning difficulties
KSU-C: Motivation & interests
KSU-D: Prior knowledge & assets
KSU-E: Need
KSU-F: Learning style and developmental level
KSU-G: Current level of understanding
KSC: Knowledge of Science Curriculum
KSC-A: Curriculum materials
KSC-B: Vertical curriculum
KSC-C: Horizontal curriculum
KSC-D: Curricular saliency
KSC-E: Interdisciplinary curriculum
KAs: Knowledge of Assessment
KAs-A: Dimensions of Science Learning to Assess
KAs-B: Methods of Assessing Science Learning (Summative)
KAs-C: Methods of Assessing Science Learning (Formative)
KAs-D: Methods of Assessing Science Learning (Diagnostic)
KISR: Knowledge of Instructional Strategies and Representations
KISR-A: Generic-Specific Strategies
KISR-B: Discipline-Specific Strategies
KISR-C: Topic-Specific Strategies
KISR-D: Concept-Specific Strategies or Representations
CxK: Contextual Knowledge
SMK: Subject-Matter Knowledge
PK: Pedagogical Knowledge

A Priori Codes for Integration
of PCK Components
A1. OTS and KISR
A2. OTS and KAs
A3. OTS and KSC
A4. OTS and KSU
A5. KISR and KSC
A6. KISR and KSU
A7. KISR and KSU
A8. KAs and KSC
A9. KAs and KSU A10. KSC and K
A10. KSC and KSU

B1. OTS, KISR, and KAs
B2. OTS, KISR, and KSC
B3. OTS, KISR, and KSU
B4. OTS, KAs, and KSU
B5. OTS, KAs, and KSC
B6. OTS, KSC, and KSU
B7. KISR, KAs, and KSC
B8. KISR, KAs, and KSU
B9. KISR, KSC, and KSU
B10. KAs, KSC, and KSU

C1. OTS, KISR, KAs, and KSC
C2. OTS, KISR, KAs, and KSU
C3. OTS, KISR, KSC, and KSU
C4. OTS, KAs, KSC, and KSU
C5. KISR, KAs, KSC, and KSU
D1. OTS, KISR, KAs, KSC, and KSU

265
Appendix I
Participant’s PCK Maps Over the Course of Their Last Year of Teacher Preparation
Figure I.1
Elliott’s PCK Maps
Methods I (2-Day Lesson)
Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 3 PCK Level: 21 PCK Episodes: 7 PCK Level:18 PCK Episodes: 10 PCK Level:15

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 6 PCK Level: 16 PCK Episodes: 5 PCK Level: 16 PCK Episodes: 5 PCK Level: 13

Student Teaching Obs. #4
N/A

edTPA Portfolio
PCK Episodes: 14 PCK Level: 35

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Figure I.2
Brooke’s PCK Maps
Methods I (2-Day Lesson)
Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 5 PCK Level: 12 PCK Episodes: 7 PCK Level: 25 PCK Episodes: 7 PCK Level: 20

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 3 PCK Level: 14 PCK Episodes: 4 PCK Level: 17 PCK Episodes: 4 PCK Level: 15

Student Teaching Obs. #4
N/A

edTPA Portfolio
PCK Episodes: 11 PCK Level: 37

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Figure I.3
Charlotte’s PCK Maps
Methods I (2-Day Lesson)
Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 5 PCK Level: 21 PCK Episodes: 7 PCK Level: 22 PCK Episodes: 12 PCK Level: 20

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 3 PCK Level: 12 PCK Episodes: 6 PCK Level: 13 PCK Episodes: 4 PCK Level: 17

Student Teaching Obs. #4
edTPA Portfolio
PCK Episodes: 4 PCK Level: 10 PCK Episodes: 13 PCK Level: 38

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Figure I.4
Jane’s PCK Maps
Methods I (2-Day Lesson)
Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 4 PCK Level: 6 PCK Episodes: 3 PCK Level: 10 PCK Episodes: 8 PCK Level: 16

Student Teaching Obs. #1
Student Teaching Obs. #2: Student Teaching Obs. #3:
PCK Episodes: 6 PCK Level: 13 PCK Episodes: 5 PCK Level: 22 PCK Episodes: 4 PCK Level: 11

Student Teaching Obs. #4
N/A

edTPA Portfolio
PCK Episodes: 10 PCK Level: 37

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum
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Figure I.5
Hattie’s PCK Maps
Methods I (2-Day Lesson)
PCK Episodes: 4 PCK Level: 11

Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 4 PCK Level: 6 PCK Episodes: 10 PCK Level: 16

Student Teaching Obs. #1:
Student Teaching Obs. #2
Student Teaching Obs. #3:
PCK Episodes: 3 PCK Level: 9 PCK Episodes: 5 PCK Level: 18 PCK Episodes: 4 PCK Level: 11

Student Teaching Obs. #4
edTPA Portfolio
N/A
PCK Episodes: 10 PCK Level: 33

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum

270
Figure I.6
Piper’s PCK Maps
Methods I (2-Day Lesson)
PCK Episodes: 5 PCK Level: 11

Methods II (Field Experience)
Methods II (Unit Plan)
PCK Episodes: 3 PCK Level: 9 PCK Episodes: 8 PCK Level: 14

Student Teaching Obs. #1
PCK Episodes: 2 PCK Level: 6

Student Teaching Obs. #2:
PCK Episodes: 3 PCK Level: 5

Student Teaching Obs. #3:
PCK Episodes: 2 PCK Level: 2

Student Teaching Obs. #4
edTPA Portfolio
PCK Episodes: 2 PCK Level: 2 PCK Episodes: 9 PCK Level: 36

OTS: Orientations to Teaching Science, KISR: Knowledge of Instructional Strategies, KSU: Knowledge of Students
Understanding in Science, KAs: Knowledge of Assessment in Science, KSC: Knowledge of Science Curriculum

271
Appendix J
Instances of Evidence of PCK Components Coded at Various Checkpoints
Table J.1
Instances of Evidence of PCK Components
Instances of Evidence
Methods I

OTS KISR KSU KAs KSC
Elliott 5
23
11
6
5
Brooke 6
31
21
13
6
Charlotte 7
32
13
15
7
Jane 8
22
13
5
6
Hattie 5
21
7
4
4
Piper 5
22
14
13
4
Total 36 151
79
56
32
Average 6.00 25.17 13.17 9.33 5.33

Methods II
(Field Experience)
Elliott
Brooke
Charlotte
Jane
Hattie
Piper
Total
Average
Methods II
(Unit Plan)
Elliott
Brooke
Charlotte
Jane
Hattie
Piper
Total
Average

OTS KISR KSU KAs KSC
3
24
8
4
7
7
19
28
7
13
11
14
8
4
5
6
12
7
4
3
5
13
11
4
1
5
11
6
4
2
37
93
68
27
31
6.17 15.5 11.33 4.50 5.17
OTS KISR KSU KAs KSC
0
32
11
19
8
2
36
14
27
11
0
44
19
23
6
1
27
5
23
14
0
53
10
24
7
1
27
4
11
6
4
219
63
127
52
0.67 36.50 10.50 21.17 8.67

Student Teaching
Observation #1
OTS KISR KSU KAs KSC
Elliott 4
22
17
4
6
Brooke 2
8
22
3
5
Charlotte 2
16
18
8
7
Jane 4
20
10
6
4
Hattie 1
24
17
4
8
Piper 0
4
6
2
4
Total 13
94
90
27
34
Average 2.16 15.67 15.00 4.50 5.67

PCK Episodes
Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

3
5
5
4
4
5
26
4.33

3
3
5
4
4
4
23
3.83

2
2
4
1
2
2
13
2.17

2
1
2
0
0
0
5
0.83

2
1
2
0
1
0
6
1.00

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

7
7
7
3
4
3
31
5.17

6
7
4
2
4
2
25
4.17

2
3
1
1
1
1
9
1.50

1
2
2
1
0
1
7
1.17

0
3
1
1
0
1
6
1.00

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

10
7
12
8
10
8
55
9.17

6
5
6
4
4
2
27
4.50

4
5
4
4
3
0
20
3.33

0
0
0
0
0
0
0
0.00

0
1
0
0
0
1
2
0.33

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

6
3
3
6
3
2
23
3.83

6
1
3
3
3
2
18
3.00

2
1
2
2
3
1
11
1.83

1
1
1
1
0
1
5
0.83

0
1
1
1
0
0
3
0.50
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Table J.1
(Continued)
Student Teaching
Observation #2
OTS KISR KSU KAs KSC
Elliott 0
11
10
2
6
Brooke 5
12
24
6
10
Charlotte 0
16
13
6
5
Jane 4
20
21
8
10
Hattie 1
20
27
12
16
Piper 1
8
8
3
8
Total 11
87
103
37
55
Average 1.83 14.50 17.17 6.7 9.17
Student Teaching
Observation #3
OTS KISR KSU KAs KSC
Elliott 0
16
15
5
5
Brooke 1
10
21
4
2
Charlotte 2
17
17
12
10
Jane 1
11
10
6
2
Hattie 7
10
10
4
11
Piper 0
8
4
2
1
Total 11
72
77
33
31
Average 1.83 12.00 12.83 5.50 5.17
Student Teaching
Observation #4
OTS KISR KSU KAs KSC
Charlotte 1
7
11
6
5
Piper 0
5
3
3
2
Total 1
12
14
9
7
Average 0.50 6.00 7.00 4.50 3.50
edTPA

OTS KISR KSU KAs KSC
Elliott 4
59
55
29
9
Brooke 4
52
47
23
7
Charlotte 3
71
49
19
5
Jane 6
44
45
21
6
Hattie 2
62
32
18
8
Piper 5
52
51
29
7
Total 24 340 279 139
42
Average 4.00 56.67 46.50 23.17 7.00

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

5
4
6
5
4
3
27
4.50

5
4
6
5
3
1
24
4.00

1
2
2
3
3
1
12
2.00

4
2
1
3
1
0
11
1.83

1
1
1
1
1
0
5
0.83

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

5
4
4
4
4
2
23
3.83

5
4
3
3
2
1
18
3.00

2
2
2
2
1
0
9
1.50

2
1
1
1
0
0
5
0.83

0
1
1
1
1
0
4
0.67

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

4
2
6
3.00

4
1
5
2.50

2
0
2
1.00

1
0
1
0.50

0
0
0
0.00

Total
PCK
Episodes

KSU KISR

KSU KISR KAs

KSU KISR KSC

4+ PCK
Comp.
Episodes

14
11
13
10
10
9
67
11.17

11
11
11
10
9
8
60
10.00

5
6
6
5
4
5
31
5.17

3
2
1
3
3
2
14
2.33

3
2
3
3
2
3
16
2.67

