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Foreword

This foreword is designed to set the scene for this book and is based on our
experience as the facilitators of the Second (2nd) PCK Summit. Through a brief
reflection on that role, we hope to provide some context for the work and learning
that has culminated in this book and give a real sense of the collaborative learning
experience that comprised the 2nd Summit.

The 2nd PCK Summit came about as a consequence of the work conducted at
the First (1st) Summit, which was held in Colorado Springs in October 2012. At
that Summit, the participants (mostly in the field of science education and some
from mathematics) spent a week discussing research into pedagogical content
knowledge (PCK)—much of which they had conducted and led—in an effort to
develop some form of consensus and shared understanding around the construct of
PCK. That Summit resulted in the book Re-examining Pedagogical Content
Knowledge in Science (Berry, Friedrichsen, & Loughran, 2015) that highlighted our
learning at the Summit, but also introduced what became known as the Consensus
Model (CM) of Teacher Professional Knowledge and Skill.

The success of the 1st Summit led to ongoing discussions, especially among
science PCK researchers internationally, about the CM as the notion of an agreed
way of viewing the construct began to resonate with others. As a consequence, in
December 2016, 24 PCK researchers in science education met in Leiden to continue
the discussion about PCK and to push our learning further; hence, the 2nd PCK
Summit was born.

Some of the participants of the 1st Summit were in attendance at the 2nd
Summit, but there were also a number of new active PCK researchers and thinkers
in attendance. The focus of the 2nd PCK Summit was largely on data and analysis.
In so doing, it offered an opportunity for participants to tease out the intricacies of
collecting data through a variety of instruments, and to seriously examine
approaches and techniques of analysis in identifying, capturing and portraying
science PCK. Participants were asked to write ‘outlines’ of their current PCK
research in science education, and these outlines were shared and read by all prior
to the Summit. As the outlines focused on data collection and analysis, they offered
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a deep dive into instruments, processes, practices and procedures used in identi-
fying aspects of science PCK.

The programme for the Summit was designed in such a way as to allow par-
ticipants to work in small groups interested and/or experienced in the use of similar
data collection instruments and analytic processes. This arrangement fostered
in-depth discussion that was often focused on a specific task set by the Summit
facilitators, such as which aspect/s of PCK does a particular instrument best
articulate, or what criteria might best be used for identifying PCK using a given
instrument? The small group discussions were reported back to the whole group in
a variety of ways with the purpose of generating further discussion designed to
challenge our thinking and generate questions to help us make meaningful progress
in better understanding and portraying science PCK.

As the facilitators of the Summit, our role was to keep the learning moving
forward, to not let things get too bogged down and to ensure that contributions were
fully worked through at each level (small group and whole group) in order to build
an agenda for ongoing development and understanding of PCK. Sometimes this
role meant participating in a small group, sometimes it meant sitting back and
observing, and at other times it meant offering a thought-provoking or challenging
question. We were privileged to be able to participate in this way as it allowed us to
use our observations to better facilitate the whole group discussions; the peda-
gogical purpose is to use the emerging learning to shape and reshape upcoming
activities while still keeping an eye on the big picture.

Participant engagement across the activities helped to build a real sense of
common purpose and, as this book illustrates, led to new insights and shared
understandings of PCK in science education. It was a most demanding and
enjoyable experience, and we were certainly very grateful for the opportunity to be
involved and work with such a fine team of scholars.

As the Summit progressed, it was clear to all of us that that the workshops
offered challenges and opportunities to move well beyond our individual ideas and
views. The small group sessions created powerful agendas for the whole group and
ideas started to come together in ways that led to a common expectation of con-
ceptual coherence as a concrete outcome. As the Summit progressed, Julie
Gess-Newsome helped to bring that coherence to our work by inviting us to revisit
the CM from the 1st Summit. She offered her insights into the model and her
observations about how it had been taken up in science education research and
interpreted by others in the years since that Summit. Not surprisingly, it quickly
became apparent that the model was rich with opportunity for us, as a group, to
bring together our ideas and all our learning through the 2nd Summit in order to
revisit and refine the CM. On the last day of the Summit, guided by Janet Carlson
and Kirsten Daehler, the group refined the CM in a highly engaging and con-
structive whole group session. This book introduces the Refined Consensus Model
(RCM) of science PCK and begins to unpack the possibilities it offers for the further
development of PCK research.
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Both of the PCK Summits have been invaluable experiences for all involved.
They have enriched the work of many PCK researchers through the opportunity to
publicly interrogate their work and to do so in a research community with a
common interest and concern. This book captures the progress made during the 2nd
Summit, introduces the RCM of PCK in science and invites all PCK researchers to
become part of the conversation.

Clayton, Australia John J. Loughran
Faculty of Education, Monash University

Rebecca Cooper
Faculty of Education, Monash University

Reference

Berry, A., Friedrichsen, P., & Loughran, J. (2015). Re-examining pedagogical content knowledge.
London: Routledge press.
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Preface

Background

Lee Shulman introduced the construct of pedagogical content knowledge
(PCK) into the literature in the mid-1980s largely via articles in journals such as the
Education Researcher (e.g. Shulman, 1987). Through PCK Shulman sought to
acknowledge and represent a specialised form of professional knowledge, pos-
sessed by teachers, that sets teachers aside from other professionals. This knowl-
edge typically grows with classroom experience and underpins how effective
teachers are able to teach their subject matter in ways that support student under-
standing. The idea of a specialised form of professional knowledge crucial to
expertise in teaching resonated well with academics, so PCK was quickly explored,
adopted and adapted in a diversity of ways by researchers in the field across
different domains, particularly in science and mathematics. Many researchers went
on to focus on understanding of how such knowledge develops and how its
development might be successfully supported. The first major book about PCK was
the Gess-Newsome and Lederman (1999) publication Examining Pedagogical
Content Knowledge (Springer). Not surprisingly perhaps, the burgeoning research
produced a plethora of interpretations and uses of the original concept, which
became problematic as inconsistencies and/or vague applications of the PCK
concept began to emerge in the literature. In a review of PCK research, largely in
the science education field, Abell (2007) identified this problem and she urged
researchers ‘to use PCK more explicitly and coherently to frame their studies’
(p. 1407) to bring greater clarity and rigour into the research around PCK.
However, to achieve clear and consistent practice, science and mathematics edu-
cation researchers realised they first needed consensus in the field about the very
meaning and understanding of the PCK construct itself.
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The First PCK Summit

In 2012, the challenge to revisit PCK was taken up by more than 30 lead
researchers (mostly in science education and some from mathematics education)
from five different continents. They gathered as a forum to share their work and
discuss issues and challenges in PCK research and the implications for policy and
practice. In a week-long workshop, known as ‘the PCK Summit’, the researchers
grappled with three broad questions:

(1) What are the attributes of PCK?
(2) What are the tools for measurement and analysis of PCK?
(3) What are, and how can we explain, the complementary and contradictory nature

of research results of PCK?

Among the many outcomes of the Summit was a ‘consensus model’ (CM) of
PCK. This generic model featuring PCK within teachers’ wider professional
knowledge and other outcomes of the Summit were presented at a range of (in-
ter)national research conferences and in the spring of 2015, the book Re-examining
Pedagogical Content Knowledge (Berry, Friedrichsen, & Loughran, 2015) was
published by Routledge. This book showcased the work of the PCK Summit at
Colorado in 2012 and comprised 17 chapters written by Summit participants. The
book was well received, particularly in the science education PCK community, and
the CM quickly became part of the international rhetoric in science education PCK
research and a potential conceptual framework for research agendas in science
teacher education.

By early 2016 though, it became evident within the science teacher education
research community that PCK researchers—including those who participated in the
Summit—were appearing to interpret and operationalise the CM differently. For
example, many variants of PCK (such as dynamic PCK, canonical PCK, static
PCK, enacted PCK, PCK-in-action, topic-specific PCK and domain PCK to name a
few) were still being cited, along with various components of PCK. Consequently,
PCK in science education continued to be assessed in very diverse ways, including
the use of a wide range of instruments that attempted to measure or capture PCK,
which in turn generated different kinds of qualitative and quantitative data. In part,
these differences could be attributed to different goals of the researchers. Some
science education studies, for example, aimed to describe the content and structure
of PCK in a specific context, whereas other studies sought to assess the quality of
science teachers’ PCK, often times in relation to other variables. So once again, an
international group of lead researchers in PCK (comprised of many from the first
PCK Summit) gathered in 2016 to address these different and sometimes implicit
interpretations and operationalisations of PCK, centring this time on science edu-
cation for pragmatic reasons related to common purpose and focus, in a second
PCK Summit that was organised as a Lorentz Workshop@Snellius in Leiden.
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The Second PCK Summit in Science Teacher Education

Through invitation the organisers of the Second (2nd) PCK Summit brought
together 24 researchers to attend the Lorentz Workshop. The group members,
including the organising committee, were invited on the basis of their expertise and
strength (both proven and potential) as researchers in the science education PCK
field, their particular specialised contributions to the international research literature
on science education PCK and their availability. As a result, researchers came to the
2nd Summit having used a variety of research lenses and instruments to identify and
capture PCK in the fields of biology, chemistry, physics and science across primary,
secondary and tertiary levels of education. With over half of the 2nd Summit group
comprising original Summit members, this expert composite group also brought the
advantages of continuity in thinking combined with the ‘fresh eyes’ of newcomers
to the evaluation of progress in the field. In the workshop, the researchers were
asked to revisit: the roots of their work; the data they had collected; the instruments
used to collect these data; and the procedures used to infer PCK in science edu-
cation from these data. The strengths and weaknesses of different instruments and
procedures of data collection and analysis were discussed, and the potential of
multimethod study designs were considered, in relation to the purposes of studying
PCK in science education. As different kinds of instruments and their associated
data were presented and discussed, participants gained insight into each other’s data
(and data analysis) and arrived at a more shared understanding of PCK in science
education. Out of these discussions also evolved a more honed understanding of
PCK in science education, enabling the group at the end of the 2nd Summit to
arrive at a refined definition of PCK in the form of a refined consensus model of
PCK in science education.

This Book

This current book reports the findings of the researchers participating in the 2nd
PCK Summit in 2016 as they pursue the ideas and research agendas that have
developed rapidly and enthusiastically out of that first 2012 PCK Summit in the
science education field. It contains an evaluation of the consensus PCK model from
the First (1st) PCK Summit and introduces the new model, known as the Refined
Consensus Model (RCM) of PCK in science education as a refinement of the earlier
model. Our book seeks not only to introduce the RCM but also to clarify and
demonstrate its use in research and teacher education and practice. After an initial
chapter that provides a rationale for the new model via a literature review of PCK
research in science education over the last decade, a whole chapter is dedicated to
the RCM, where it is presented in diagrammatic form and explanatory text. We
strongly recommend that all readers of the book take extra time to carefully
read and digest this second chapter before reading any of the following chapters,
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i.e. Chaps. 3–14. Familiarity with the RCM will allow readers to more fully
appreciate the research work of contributing authors to this book. Subsequent
chapters show how this new consensus model of PCK in science education is
strongly connected with empirical data of varying nature, contains a tailored lan-
guage to describe the nature of PCK in science education, and can be used as a
framework for illuminating past studies and informing the design of future PCK
studies in science education. Specifically the book informs and enhances our
knowledge of science teachers’ professional knowledge (especially important in
these times when standards and other measures are being used to ‘define’ the
knowledge, skills and abilities of teachers); illustrates how the PCK research
agenda in science education can make a difference to science teachers’ practice and
students’ learning of science; and makes research and knowledge about the con-
struct more useable and applicable to the work of teachers through the RCM. It
arguably contains the most relevant, recent and internationally strong collection of
studies on PCK in science education available. While this book is available only
three years out from the last major PCK publication, we believe it will have great
appeal for researchers and science educators alike as the need and interest in
deepening understanding of PCK gathers momentum internationally. As PCK
grows as an attractive field of research across the globe, this book is positioned to
offer an up-to-date, international perspective on the evolving nature of PCK in
science education, how it is shaping the science education research agenda and how
it can inform science teaching and learning.

Finally, this book is not a restatement of what already exists; it is about the ways
in which the PCK construct in science education is being better understood, used
and measured. It provides leverage for advancing future PCK research in science
education by: repositioning PCK within teachers’ professional knowledge
(as depicted in the RCM of PCK in science education); providing a shared language
of PCK in science education; and showcasing new methodologies for more effec-
tively capturing, measuring and representing aspects of PCK for science teaching.

We hope you enjoy reading this book as much as we all enjoyed conceiving and
writing it!

(The Editorial team was given the honour of compiling this book on behalf of
our colleagues participating in the 2nd PCK Summit.)

Hamilton, New Zealand Anne Hume
Melbourne, Australia Rebecca Cooper
Potsdam, Germany Andreas Borowski
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Part I
Introduction to the Refined Consensus

Model of Pedagogical Content Knowledge
in Science Education

Janet Carlson

Overview

This part of the book introduces the Refined Consensus Model (RCM) of PCK in
science teacher education and research. This introduction begins with a review of
the literature base of models and studies of science teacher PCK in Chap. 1, setting
the stage for learning about the RCM, which is the focus of Chap. 2. Then, Chap. 3
unpacks the very centre of the model. Finally, Chap. 4 provides illustrations of the
RCM in science teacher education and in research through a set of vignettes
describing the use of the RCM in very specific settings. Our goal in this part, as well
as the entire book, is to continue to articulate this complex model and to show how
it is being used and can be applied across multiple contexts so that we can continue
to make progress towards a model that can be used by many.

The ideas represented in this part had their origin at the 2016 PCK Summit in
Leiden, Netherlands, where 24 invited researchers from the science education field
shared their work in PCK using a variety of research lenses and instruments to
identify and capture the PCK of science teachers. As the strengths and weaknesses
of different instruments and procedures of data collection and analysis were dis-
cussed, and the potential of multi-method study designs were considered, in relation
to the purposes of studying PCK, it became clear that an updated model for PCK in
science teacher education was needed.

As mentioned above, Chap. 1—Towards a Consensus Model: Literature Review
of How Science Teachers’ Pedagogical Content Knowledge is Investigated in
Empirical Studies— provides a sophisticated analysis of the literature base related to
studying PCK in science teachers. In particular, the chapter presents a systematic
review of the methodologies used for investigating PCK. For each of the reviewed
studies, the authors identified (1) the research sample of the investigation; (2) the
major purpose of the study; (3) the conceptualisation of PCK in the study; (4) the data
source(s) used; and (5) the approach(es) used to determine teachers’ PCK. As
expected, the review reveals that these researchers are conceptualising, operational-
ising, and researching PCK differently. This chapter reveals gaps in the extant PCK



literature and highlights several points of divergence in thinking around the PCK
concepts within the PCK research community in the field of science education.

Next, Chap. 2—The Refined Consensus Model of PCK in Science Education—
chronicles the developmental journey of the RCM of PCK in science teacher
education and research and seeks to introduce the new model by describing the
different components of the model in both diagrammatic form and explanatory text.
Science education researchers and practitioners from around the world contributed
to this model. As such, it is intended to withstand scrutiny in different countries, be
relevant across different policy environments, be useful for different research
paradigms, and inform a wide range of teacher preparation and professional
learning programmes.

The very centre of the RCM diagram represents enacted PCK (ePCK), which is a
particularly complicated aspect of the model.

Finally, Chap. 3—Vignettes Illustrating Practitioners’ and Researchers’
Applications of the Refined Consensus Model of Pedagogical Content Knowledge—
provides examples of how the RCM moves from an abstract visualisation to a tool
used by educators and researchers alike. The chapter is comprised of short vignettes
from a variety of science education settings and perspectives. The vignettes bring
the RCM to life by illustrating how the model is being used in teacher education or
research. The first and second vignettes provide pre-service perspectives from two
different countries. The third vignette shares insights into the use of the RCM
during a teacher professional learning course, while the fourth and fifth vignettes
offer a researcher lens with examples from large-scale studies. Each vignette fol-
lows a similar structure with a description of context, explicit connections to the
RCM, and author reflections on the role of the model.

2 Part I: Introduction to the Refined Consensus Model of Pedagogical Content...



Chapter 1
Towards a Consensus Model: Literature
Review of How Science Teachers’
Pedagogical Content Knowledge Is
Investigated in Empirical Studies

Kennedy Kam Ho Chan and Anne Hume

Abstract This chapter presents a systematic review of the science education liter-
ature to identify how researchers investigate science teachers’ pedagogical content
knowledge (PCK). Specifically, we focus on empirical studies of individual science
teachers’ PCK published in peer-reviewed science education and teacher education
journals since 2008. For each of the reviewed studies, we identify (1) the research
context of the investigation; (2) the major purpose of the study; (3) the conceptualisa-
tion of PCK in the study; (4) the data sources used to investigate teachers’ PCK; and
(5) the approaches used to determine teachers’ PCK. Using this collated information,
we provide an overview of how the PCK concept is used, interpreted and investigated
within the science education community. The review reveals that researchers concep-
tualise and operationalise PCK differently. Consequently, they investigate PCK in
highly diverse ways and use a wide range of data sources and approaches to capture
and determine teachers’ PCK, which in turn generates different kinds of qualitative
and quantitative data. Collectively, our findings reveal gaps in the PCK literature and
highlight several points of divergence in thinking around the PCK concept within the
PCK research community in the field of science education. The findings also provide
evidence from the literature supporting the need to build upon and further refine the
Consensus Model (CM) that emerged from the first (1st) PCK Summit in 2012 to
further science education research.

Introduction

For many decades, what teachers know and how they make use of their knowledge
to accomplish the work of teaching has been a subject of interest for education
researchers, teacher educators and educational policy-makers (Guerriero, 2017). In
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his seminal articles, Shulman (1986, 1987) introduced a new way of thinking about
the content of teacher knowledge. Shulman (1987) proposed that teachers’ knowl-
edge base comprises at least seven categories of knowledge: content knowledge;
pedagogical knowledge; curriculum knowledge; knowledge of learners; knowledge
of contexts; knowledge of educational ends, purposes and values; and pedagogical
content knowledge (PCK). Of these categories, PCK has generated particular inter-
est as it represents the unique province of knowledge for teaching that distinguishes
teachers from content specialists, and the idea has spawned many empirical studies
on teachers’ knowledge, particularly in the domains of science and mathematics.
Yet, despite its potential to move the field forward, the diverse understanding and
interpretation of PCK that has occurred since its inception have greatly limited its
utility in research, teacher education and policy (Settlage, 2013).

The purpose of this chapter is to review and synthesise the empirical literature
to specifically identify how PCK researchers investigate science teachers’ PCK.
Although there are a number of review articles on science teachers’ PCK (e.g.,
Berry, Depaepe, & van Driel, 2016; Kind, 2009; Miller, 2007; Schneider & Plasman,
2011; van Driel & Berry, 2010, 2017) and science teachers’ professional knowledge
(e.g., Abell, 2007; Fischer, Borowski, & Tepner, 2012; van Driel, Berry, & Meirink,
2014), these reviews do not provide an in-depth analysis of the research method-
ologies used. Recent reviews of how researchers investigate mathematics teachers’
PCK (Depaepe,Verschaffel,&Kelchtermans, 2013) and teachers’ technological ped-
agogical content knowledge (TPACK) (Abbitt, 2011; Matthew, Tae Seob, & Punya,
2012; Willermark, 2017) can be found, but the most recent review focusing on how
science PCK is investigated in empirical studies was published about 20 years ago
(Baxter & Lederman, 1999). Our chapter not only complements the extant reviews
but also presents a departure from the current literature, with its particular focus on
PCK conceptualisation and methodologies for investigating PCK in recent studies.
We believe that this systematic review reveals the diverse ways in which the PCK
concept is used, interpreted and investigated within the science education research
community. Such information is important for advancing the field by revealing the
convergence and divergence in thinking around the PCK concept and identifying
gaps in the current state of knowledge about the investigation of science teachers’
PCK.

Literature Review

The Pedagogical Content Knowledge (PCK) Concept

In his presidential address for the American Education Research Association, Shul-
man (1986) first introduced the academic construct of PCK to attend to what he
and his colleagues referred to as the missing paradigm or ‘blind spot with respect
to content that now characterises most research on teaching’ (pp. 7–8). Although its
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introduction served to turn research attention away from a sole focus on teaching
procedures to include subject matter knowledge, Shulman argued that PCK ‘goes
beyond the knowledge of subject matter per se to the dimension of subject matter for
teaching’ (p. 9). For Shulman, PCK encompasses the unique idea that teachers have
knowledge:

for the most regularly taught topics in one’s subject area, the most useful forms of represen-
tation of those ideas, the most powerful analogies, illustrations, examples, explanations and
demonstrations – in a word the ways of representing and formulating the subject that make it
comprehensible to others. … [and] an understanding of what makes the learning of specific
topics easy or difficult: the conceptions and preconceptions that students of different ages
and backgrounds bring with them to the learning of those most frequently taught topics and
lessons. (p. 9)

Such a distinct province of knowledge is particularly appealing to science teacher
educators and researchers alike, as it is well known that student (pre-)conceptions can
heavily influence science learning (Driver, Asoko, Leach, Scott, &Mortimer, 1994),
requiring teachers to make use of specific instructional strategies and representations
to aid student learning. Since the 1980s, the idea of PCK has heavily pervaded the
science education literature. It is widely used, for example, as a theoretical lens for
researching the professional knowledge of science teachers (Abell, 2007). Policy
documents (e.g., National Research Council, 1996), professional science standards
(e.g., National Council for Accreditation of Teacher Education, 2008) and the inter-
national literature (Kind, 2009; van Driel & Abell, 2010) unequivocally regard a
good grasp of PCK as essential for high-quality science teaching.

Scholarly Debates About the PCK Concept

Although the science education community has embraced the idea of PCK, various
debates regarding its nature and content have arisen as researchers and educators
have endeavoured to use the construct in their work. Notable debates revolve around
the following questions:

(1) Is PCK a ‘stand-alone’ and distinct body of knowledge? How is PCK then
related to the professional knowledge base for teaching?
Shulman (1987) regarded PCK as one of the seven categories of teacher knowl-
edge within the teacher knowledge base and believed that PCK ‘emerges and
grows as teachers transform their content knowledge for the purpose of teach-
ing’ (Wilson, Shulman, &Richert, 1987, p. 118). Critics of his proposal doubted
whether PCK can be distinguished from other knowledge categories, such as
content knowledge (Marks, 1990). Others followed Shulman’s original proposal
and argued that viewing PCK as a distinct category of knowledge highlights that
PCK is more than the sum of the knowledge categories from which PCK is syn-
thesised (Magnusson, Krajcik, & Borko, 1999). Abd-El-Khalick (2006) added
that taking this position would make explicit a transformative mechanism by
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which teachers develop their PCK (i.e., how teachers ‘convert’ their subject
matter to PCK).

(2) Is PCKa knowledge form, a skill set, a disposition or some combination thereof?
Shulman (1986) originally regarded PCK as a form of professional knowledge
needed to successfully teach a certain content to particular groups of students.
He identified two subsets of knowledge that together comprised PCK, that is,
knowledge of appropriate topic-specific instructional strategies and representa-
tion and understanding of students’ learning difficulties and (pre)conceptions.
However, a range of epistemological views about what counts as ‘knowledge’
began to emerge and the debate arising from such divergent views added com-
plexity to the nature of PCK. For example, some researchers believe that PCK
should also embrace non-cognitive attributes, hence the addition of affective
components to their PCK models such as teachers’ conceptions of purpose
for teaching subject matter (Grossman, 1990), teacher efficacy (Park & Oliver,
2008b), emotions (Zembylas, 2007) and orientations to teaching science (Mag-
nusson et al., 1999). Similarly, some researchers take a more static view of
knowledge, viewing ‘what is known’ as something that a person possesses in
his/her mind, whereas others take a more dynamic view that regards knowing
as part of action (Cook & Brown, 1999). Researchers in the latter camp strive
to capture and portray PCK in the act of teaching particular content (Loughran,
Milroy, Berry, Gunstone, & Mulhall, 2001).

(3) If PCK is a stand-alone body of knowledge, what components should be
included?
Most, if not all, researchers have expanded upon the two components advanced
in Shulman’s (1986) PCKmodel. Apart from affective components, other com-
monly added components include curricular knowledge (i.e., knowledge about
the goals and scope of the curriculum) (Grossman, 1990) and assessment knowl-
edge (i.e., knowledge about what and how to assess) (Tamir, 1988). Some take
a narrower and more parsimonious view of what PCK comprises and limit the
PCKcomponents to a fewcomponents in theirmodels,while others adopt amore
encompassing view of PCK (see Kirschner, Borowski, Fischer, Gess-Newsome
and von Aufschnaiter (2016) for a comparison of the composition of different
PCK models).

(4) Is PCK context-specific? Can PCKbe investigated out of the classroom context?
Some researchers contend that PCK can be investigated using standardised
paper and pencil tests that are devoid of classroom contexts, whereas others
claim that a teacher’s PCK does not exist in a vacuum but is situated in specific
classroom contexts. Depaepe et al. (2013) distinguished two perspectives for
investigating PCK—a cognitive and a situated perspective. Those who take a
cognitive perspective typically investigate PCK independently outside of the
classroom context, whereas researchers who adopt a situated perspective exam-
ine how PCK is enacted in a specific classroom context. Paradigmatically, the
former group sees knowledge as located ‘in the head’ of a teacher, whereas the
latter views knowledge as a ‘social asset’ that is meaningful only in the context
of its application (p. 22). van Driel et al. (2014) suggest that the former camp
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regards PCK as ‘knowledge for teachers’—knowledge that is rather static and
prescriptive in nature. The latter group sees PCK as the ‘knowledge of teachers’,
which teachers develop from their formal learning opportunities and their own
professional practices.

(5) Is PCK individual or collective?
There is some debate as to whether PCK exists at the individual or the group
level. Some scholars underscore the personal and private nature of PCK (Hash-
weh, 2005). Others take the view that despite the idiosyncratic nature of indi-
viduals’ PCK, commonalities can be identified across the PCK of a group of
teachers to generate a more general form of PCK (van Driel, Verloop, & de Vos,
1998). Some even go a step further by introducing the idea of indispensable
PCK (Park, Suh, & Seo, 2017) or canonical PCK (Smith & Banilower, 2015).
Canonical PCK, for example, refers to ‘PCK that is widely agreed upon and
formed through research and/or collective expert wisdom of practice’ (Smith
& Banilower, 2015, p. 90). This perspective suggests that PCK is normatively
defined by researchers and experts.

(6) What are appropriate levels or grain sizes of PCK?
Some researchers highlight the generic nature of PCK (Fernández-Balboa &
Stiehl, 1995), while others contend that the value of PCK lies in its topic speci-
ficity (van Driel et al., 1998). Still others believe that apart from topic-specific
PCK, teachers also require PCK for disciplinary practices, which encompasses
knowledge ‘to help students understand the authentic activities of a discipline,
the ways knowledge is developed in a particular field, and the beliefs that rep-
resent a sophisticated understanding of how the field works’ (Davis & Krajcik,
2005, p. 5). Veal and MaKinster (1999) further propose that PCK exists at
three different levels: general PCK (also called subject-specific PCK); domain-
specific PCK; and topic-specific PCK.

These divergent views about PCK prompted Abell (2007), in her comprehensive
review of studies on science teacher knowledge, to label PCK research as ‘pre-
science’. She deplored the inconsistent and incoherent use of terms and method-
ologies within the PCK field and called for a more coherent conceptualisation that
would enable researchers to build their findings on those of others in the field and
create a common body of the literature.

Progress Towards a Consensus View About PCK in Science

Tomove the field forward, Abell (2008) attempted to identify consensual views about
the nature of PCK through her critical analysis of the articles in a special issue of the
International Journal of Science Education. She identified common ground among
researchers on four key aspects of PCK:

• PCK is a distinct category of knowledge that involves ‘the transformation of other
types of knowledge’ (p. 1407) and has inherent close links to other knowledge
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categories (e.g., subjectmatter knowledge, pedagogical knowledge and knowledge
of context).

• PCK comprises discrete knowledge components. However, when applied in teach-
ing practice, these knowledge components are integrated and blended together.

• A teacher’s PCK can develop over time as a result of different experiences, such as
teacher preparation programmes and a teacher’s own teaching and learning expe-
riences. Importantly, this perspective recognises teachers’ own classroom experi-
ence as a source of development of PCK in their own context.

• Content is regarded as central to PCK. Teachers develop and use PCK for teaching
specific science topics.

Another breakthrough in reaching a consensus about PCK occurred at a meeting
of researchers in science PCK, including a few in mathematics education research,
known as the PCKSummit (Berry, Friedrichsen,&Loughran, 2015) held inColorado
in 2012. Importantly, this meeting led to the creation of a ‘consensus’ model for
professional teaching knowledge and skills, including PCK (Gess-Newsome, 2015),
known as the Consensus Model (CM). The nature of PCK is made more explicit in
this model, such that:

• PCK is reaffirmed as a ‘separate’ category of knowledge within the overall knowl-
edge bases pertinent to teaching professionals. The close links between PCK and
other knowledge categories are emphasised by the many arrows within the dia-
grammatic representation of the CM. The model also 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.

• PCK is defined as both knowledge and skills.

– Within the CM, the affective components (e.g., teachers’ orientations and
beliefs) are removed from the PCK construct itself and included as filters and/or
amplifiers. Their repositioning recognises them as factors that influence the
content and nature of a teacher’s PCK.

– The model further delineates two variants of PCK: personal PCK and personal
PCK and skills (PCK&S). The former is related to ‘teachers’ knowledge of, rea-
soning behind, and planning’, while the latter pertains to ‘the act of teaching a
particular topic in a particular way for a particular purpose to particular students
for enhanced student outcomes’ (Gess-Newsome, 2015, p. 36). Epistemologi-
cally, PCK embraces both knowledge (i.e., what a teacher knows about teaching
a certain content and applies in planning) and knowing (i.e., what a teacher does,
meaning his/her actions during the act of teaching in the classroom). In other
words, teachers draw on their existing personal PCK to inform their lesson plan-
ning, enactment of teaching and reflection, and their personal PCK&S becomes
evident in the teaching artefacts that teachers create, through their articulation of
their pedagogical decisions and the use of pedagogical moves in their teaching.

– A teacher’s reasoning is considered as part of a teacher’s PCK. This perspective
reinforces the idea that ‘PCK is constituted by what a teacher knows, what a
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teacher does, and the reasons for the teacher’s actions’ (Baxter & Lederman,
1999, p. 158).

• PCK is specific to particular subject matter. It is regarded as topic-specific teacher
knowledge.

• PCK is considered to be highly personal and idiosyncratic. In acknowledgement of
these qualities, PCK is relabelled as personal PCK in the CM and is distinguished
from the more canonical topic-specific professional knowledge (TSPK) held by
the field. The model also highlights the role of context in influencing the content
and nature of a teacher’s PCK.

• Finally, the model also explicitly explains the reciprocal links between teachers’
PCK and student outcomes (e.g., student achievement, motivation).

Although the CM was created through the collective ideas and efforts of leading
scholarswhohaddone extensivePCKresearch in science andmathematics education,
the model was not informed by empirical data. It remains unclear whether the ideas
articulated in the consensusmodel accurately represent the prevalent thinking around
the PCK concepts within the science education community.

Conflicting Findings Between PCK Studies in Science
Education Research

Although the CM delineates a link between teachers’ PCK and student outcomes,
this relationship is theoretically assumed rather than empirical. Different or even
conflicting findings have been reported in the few empirical studies that have inves-
tigated this relationship (e.g., Alonzo, Kobarg, & Seidel, 2012; Davidowitz & Potgi-
eter, 2016; Förtsch, Werner, von Kotzebue, & Neuhaus, 2016; Gess-Newsome et al.,
2017; Kanter & Konstantopoulos, 2010; Keller, Neumann, & Fischer, 2017; Mahler,
Großschedl, & Harms, 2017; Sadler, Sonnert, Coyle, Cook-Smith, & Miller, 2013).
For example, while some studies pointed to a positive relationship between science
teachers’ PCK and student achievements (Sadler et al., 2013), some found that PCK
did not predict student achievements (Gess-Newsome et al., 2017). One possible rea-
son may be the different conceptualisations of PCK adopted in the studies. Another
reason may be related to the different methodologies used to investigate science
teachers’ PCK. Some measured PCK by scoring teachers’ responses to paper and
pencil tests (Keller et al., 2017), while others analysed teachers’ (written) comments
on videos (Kanter&Konstantopoulos, 2010; Roth et al., 2011). Still, othersmeasured
PCK using rubrics for analysing teachers’ (oral and written) reflections and videos
of classroom teaching (Gess-Newsome et al., 2017). In some studies, researchers
focused on measuring a specific PCK component (Sadler et al., 2013), whereas oth-
ers measured how PCK, as a whole, is applied in practice and informs the teaching
action (Gess-Newsome et al., 2017). This brief survey of the literature suggests that
even though researchers may share the same goal of measuring teachers’ PCK, what
they are actually measuring appears to be very different. These findings signal that
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a closer look at the different ways researchers investigate science teachers’ PCK—
including how they conceptualise it, the data sources they use and the approaches
they take—would allow readers to more critically compare and contrast the findings
of different studies.

Summary

To summarise, while the idea of PCK pervades the science education literature, the
different interpretations of the concept have limited our ability to generalise from
the research findings to inform future research, teacher education programmes and
policy. Although a ‘consensus’ model has been created by a group of leading PCK
researchers, whether the ideas articulated in the CM accurately reflect the prevalent
views of the larger science PCK researcher community is currently unknown. Hence,
this review chapter sets out to organise, integrate and synthesise empirical investi-
gations of science teachers’ PCK to provide an overview of how the PCK concept is
being used, interpreted and investigated within the science education community.We
focus on studies that investigate individual science teachers’ PCK because this form
of PCK is arguably the one most directly related to students’ learning experiences in
the classroom. This argument is reflected in the PCK studies included in this review,
most of which investigated individual teachers’ PCK, while relatively few looked at
teachers’ collective PCK, for example (see exceptions Daehler & Shinohara, 2001;
Falk, 2012). Hence, we are of the view that a systematic review of studies with this
focus has the most potential to move the field forward. The research question and
subquestions guiding the present review are:

• How is individual science teachers’ PCK investigated in empirical science educa-
tional research?

1. What is the research context in the studies?
2. What are the major research foci of the studies?
3. How do the studies conceptualise individual science teachers’ PCK?
4. What types of data sources are used to investigate individual science teachers’

PCK?
5. What approaches are used to determine individual science teachers’ PCK?

Methods

In an extensive review of science teacher knowledge studies, Abell (2007) called for
greater consensus on the conceptualisation of and methodologies for investigating
science teachers’ PCK. As an initial response to this call for greater unanimity in
approaches to empirical studies in the field, this review conducted a broad search of
the literature from 2008 to the present. Our intent was to comprehensively explore
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how science teachers’ PCK has been investigated since the extensive review byAbell
(2007). We followed the systematic review process outlined by Bennett, Lubben and
Hogarth (2007), which involves the following sequential stages: (1) identifying the
review topic areas; (2) identifying the review research questions; (3) developing
inclusion and exclusion criteria; (4) systematically searching electronic databases;
(5) coding studies; (6) producing an overview/systematic map of studies; and (7)
reviewing in depth the studies. We first identified our review focus (i.e., method-
ologies for investigating individual science teachers’ PCK) and then formulated the
research questions (see above). The following sections describe in greater detail the
subsequent stages of the review process i.e., stages 3–7.

In the third stage, we formulated the following selection criteria. First, all arti-
cles had to report an empirical study or studies that investigated science teachers’
PCK (i.e., they were not solely conceptual). Second, as our focus was on individ-
ual science teachers’ PCK, we excluded studies investigating (1) science teachers’
TPACK and the PCK of mathematics teachers, science teacher educators, univer-
sity science teaching assistants, university science instructors and early childhood
teachers; (2) science teachers’ collective PCK; (3) as PCK concerns teacher knowl-
edge for teaching specific subject matter, we excluded studies investigating PCK
for disciplinary practices or argumentation; and moreover, (4) we discarded studies
that only focused on science teachers’ orientations to teaching science (Friedrichsen,
van Driel, & Abell, 2011), an often-included component of existing PCK models
(Magnusson et al., 1999; Park & Oliver, 2008b). We made this decision because ori-
entations have not been considered part of PCK since the development of the CM in
the first PCK Summit (Gess-Newsome, 2015), but rather an influence on PCK (i.e.,
amplifiers and filters). Finally, the data analysis part of the article should include
sufficient description of how the teachers’ PCK was investigated. In instances where
the method section of the article referred to a prior publication reporting the instru-
ment used for investigating the teachers’ PCK, we included the instrument that was
referred to in the analysis. These criteria for exclusion are listed in Table 1.1.

Bearing in mind these criteria, we then conducted searches in 14 peer-reviewed
high-ranking ISI-listed journals in the field of science education and teacher educa-
tion, using the keyword ‘pedagogical content knowledge’. The journals were as
follows: Journal of Research in Science Teaching; Science Education; Interna-
tional Journal of Science Education; Research in Science Education; Journal of
Science Teacher Education; Science & Education; International Journal of Science
and Mathematics Education; Chemistry Education Research and Practice; Eurasia
Journal of Mathematics, Science and Technology Education; Research in Science
and Technological Education; Teaching and Teacher Education; Journal of Teacher
Education; and Teaching and Teachers: Theory and Practice. This initial search
resulted in 1261 articles (as of 31 December 2017)1 (see Table 1.2). The first author
then scanned the retrieved articles to identify the studies to be included in the review

1Articles that were accepted and published online, even if not assigned to an issue, before 31
December 2017 were included in this review.
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Table 1.1 Inclusion and exclusion criteria for this review

Criteria Description of excluded
studies

Examples of articles
excluded

1 Empirical studies • Non-empirical in nature
(i.e., conceptual works)

van Dijk (2014), van Driel
and Berry (2012)

2 Individual PCK of science
teachers

• Mathematics teachers’
PCK or mathematics
knowledge for teaching
(MKT)

Charalambous (2016),
Kaiser et al. (2017)

• Science teachers’
TPACK

Cetin-Dindar, Boz,
Yildiran Sonmez, and
Demirci Celep (2018),
Wang, Tsai, and Wei
(2015)

• Science teacher
educators’ PCK

Abell, Rogers, Hanuscin,
Lee, and Gagnon (2008),
Faikhamta and Clarke
(2012)

• University science
teaching assistants’
PCK/university science
instructors’ PCK

Fraser (2016), Seung
(2013)

• Early childhood teachers Nilsson and Elm (2017)

• Teachers’ collective
PCK

Akerson, Pongsanon, Park
Rogers, Carter, and
Galindo (2017), Nilsson
(2014)

3 PCK for teaching specific
subject matter

• Science teachers’
discipline/domain-
specific PCK (e.g., PCK
for argumentation, PCK
for scientific practices)

Avraamidou and
Zembal-Saul (2005),
McNeill,
González-Howard,
Katsh-Singer, and Loper
(2016)

4 Not solely investigating
teachers’ orientations

• Teachers’ orientation to
teaching science (e.g.,
teachers’ views about
the purposes of teaching
science)

Boesdorfer and Lorsbach
(2014), Mellado, Bermejo,
Blanco, and Ruiz (2007)

5 Sufficient description on
analysis of PCK

• Insufficient
methodological details

Khourey-Bowers and Fenk
(2009)

using the selection criteria. Next, 99 articles (see Appendix) were read and analysed
in detail. The following parameters comprised the analytical framework for coding
the studies.

(1) The research context. The analysis included the sample size, the location of the
PCK studies, the subject domain, the grade levels of the teachers and the topic(s)
under investigation.
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Table 1.2 Total number of hits in the databases using the keywords ‘pedagogical content knowl-
edge’ and the number of articles selected for review

Journal name Total number of hits Number of articles
included in the
review

After 2008

Science education
journals

Chemistry
Education Research
and Practice

52 11

Eurasia Journal of
Mathematics,
Science and
Technology
Education

37 3

Journal of Research
in Science Teaching

97 12

Journal of Science
Teacher Education

161 7

Science &
Education

44 0

Science Education 65 3

International
Journal of Science
Education

153 28

International
Journal of Science
and Mathematics
Education

141 6

Research in Science
Education

101 17

Research in Science
and Technological
Education

27 3

Teacher education
journals

Educational
Researcher

27 0

Journal of Teacher
Education

75 1

Teaching and
Teacher Education

226 7

Teachers and
Teaching: Theory
and Practice

55 1

Total 1261 99
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(2) The major research focus of the study. To identify the major research focus
of the reported study, we opted to use the lines or categories of PCK research
reported in the review of mathematics PCK research by Depaepe et al. (2013)
(e.g., investigating the nature of PCK, exploring the development of teachers’
PCK) to guide our analysis. In addition to this deductive analysis of the data,
we adopted an inductive approach and noted the emergence of several new
categories, i.e., reporting the development of a PCK measurement instrument
and investigating changes in PCK following or during an intervention. Then,
within each category that was deductively or inductively derived, the reviewed
studies were further classified into groups based on the research approaches
adopted in the studies (i.e., qualitative, quantitative or mixedmethods). Because
some studies addressedmore than one line of research, these studieswere placed
in more than one category of PCK research.

(3) The conceptualisation of PCK in the study. To characterise how science educa-
tion researchers conceptualised PCK in their studies, we identified the PCK
models that the authors used to frame their studies and the PCK compo-
nent(s)/knowledge category/categories2 that they investigated. The definitions
of the different knowledge categories were drawn mainly from the CM (Gess-
Newsome, 2015) and the definition of knowledge categories by Grossman
(1990), with slight modifications. As the CM did not unpack the composition of
personal PCK (i.e., PCK components), we drew on the often-cited PCK model
of Magnusson et al. (1999) in our analysis. We slightly modified the original
definitions of the PCK components to better fit the data (see Table 1.3).

(4) The types of data source(s) used by researchers to investigate science teachers’
PCK. To analyse in a more nuanced manner how researchers investigate and
determine PCK, we decided to identify the different types of data sources used
in the research studies. In our analysis, we drew on the categories devised by
Matthew et al. (2012) in their analysis of measurement of teachers’ TPACK,
but slightly modified them to provide a better fit to our analysis. In brief, the
categories included: (1)written questionnaires, surveys and tests; (2) interviews;
(3) artefacts from teaching tasks; and (4) lesson observations. Table 1.4 shows
the definitions of our final categories with examples alongside that typify each
of the data sources.

(5) The approaches researchers use to determine science teachers’ PCK . Based on
the results of RQ#4, we assigned each study to one or more of the following
categories: (1) investigation of PCK via self -reports and (2) investigation of
PCK via performance in teaching tasks. The studies in the first category relied
on teachers’ self-reports to determine their PCK, and these articles were fur-
ther divided into three subcategories: (1) use of PCK tests in which teachers’
responses were numerically scored; (2) use of questionnaires and surveys; and
(3) self-reports of actual experience. The studies in the second category, which
investigated PCK via performance in teaching tasks, involved the use or collec-

2In line with Shulman (1987), we use the term category to refer to a distinct domain of knowledge.
PCK components refer to the knowledge components of PCK.
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Table 1.3 Definitions of the different knowledge categories/PCK components

Description

Knowledge category Assessment knowledge (AK) Encompasses teachers’
knowledge of how to design
formative and summative
assessments, and their
knowledge of interpretation and
action-taking based on
assessment data
(Gess-Newsome, 2015)

Content knowledge (CK) The part of teachers’ subject
matter knowledge that is
pertinent to the teaching task
(Cochran & Jones, 1998). It
refers to teachers’ knowledge of
the key ideas and concepts for
teaching and their relationships
(Cochran & Jones, 1998;
Grossman, 1990).

Contextual knowledge (CxK) Refers to teachers’ knowledge of
particular teaching contexts. It
includes teachers’ knowledge of
their school setting and the
districts in which they are
working (e.g., the expectations,
constraints and the ‘culture’)
(Grossman, 1990)

Curricular knowledge (CuK) Concerns teacher knowledge of
the goals of a curriculum, its
structures, scope and sequence
(Gess-Newsome, 2015)

Knowledge of students (KS) Entails teachers’ knowledge of
students’ cognitive development
and variations in their
approaches to learning and
general characteristics
(Gess-Newsome, 2015)

Pedagogical knowledge (PK) Includes teachers’ general, not
subject-specific, knowledge and
skills related to teaching. It
includes, for example, teachers’
knowledge and skills about
learning theories, instructional
principles and classroom
management (Grossman, 1990)
and the related strategies
(Gess-Newsome, 2015)

(continued)
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Table 1.3 (continued)

Description

PCK components Knowledge of assessment (KA) Refers to teachers’ knowledge of
the dimensions of science
learning that are important to
assess (i.e., what to assess) and
the methods by which that
learning can be assessed (i.e.,
how to assess) (Magnusson
et al., 1999)

Knowledge of curriculum (KC) Refers to teachers’ knowledge of
the goals and objectives for
students in the subject(s) they
are teaching, their knowledge
about the relevant instructional
materials and resources as well
as their knowledge about the
horizontal and vertical curricula
(Magnusson et al., 1999). It also
encompasses teachers’
knowledge of the importance of
topics relative to the whole
curriculum, which enables them
to identify core concepts and big
ideas and eliminate trivial facts
(Park & Oliver, 2008b). This
aspect is referred to as curricular
saliency (Geddis, Onslow,
Beynon, & Oesch, 1993) in
some PCK models (e.g.,
Mavhunga & Rollnick, 2013)

Knowledge of instructional
strategies and representations
(KISR)

Refers to teachers’ knowledge of
specific strategies, including
activities and representations for
helping students comprehend a
science topic (Magnusson et al.,
1999)

Knowledge of students’
understanding (KSU)

Covers teachers’ knowledge
about the science concepts or
topics that students find difficult
to learn, the prerequisite
knowledge for learning specific
scientific knowledge, as well as
variations in students’
approaches to learning as they
relate to the development of
knowledge within specific
science topic areas (Magnusson
et al., 1999)

(continued)



1 Towards a Consensus Model: Literature Review … 17

Table 1.3 (continued)

Description

Orientations to teaching science
(OTS)

Refer to a set of beliefs
encompassing (1) teachers’
goals and the purposes of
science teaching, (2) teachers’
views of science and (3)
teachers’ beliefs about science
teaching and learning
(Friedrichsen et al., 2011)

tion of teaching artefacts related to the teaching cycle, i.e., the pre-active phase
(planning), interactive phase (enactment) and post-active phase (reflection), or
lesson observations. Two subcategories were identified, namely (1) studies that
examined the artefacts/teaching actions only and (2) studies that also investi-
gated teachers’ instructional decisions around teaching tasks. The studies in the
latter subcategory typically made use of open-ended questions in interviews
and/or written tasks to probe into the teachers’ decision-making process under-
pinning their judgements and actions. The studies in the second subcategory
were further classified into two subgroups: (1) those that used (a) simulated
teaching task(s) and (2) those that investigated real-life teaching in situ. Sim-
ulated teaching tasks were designed to represent and approximate authentic,
real-life science teaching tasks, e.g., asking the teachers to complete a unit,
topic or lesson planning template such as CoRes,3 or to comment on authentic
student responses. The second subgroup entailed investigating the teaching cycle
in authentic real-life settings. For each subgroup, we further sorted the studies
into the following subcategories based on the phase of the teaching cycle they
investigated (Jackson, 1986): (1) the pre-active phase (i.e., the planning phase
involving reflection on action); (2) the interactive phase (i.e., the enactment
phase of teaching involving reflection in action); (3) the post-active phase4 (i.e.,
the reflection phase involving reflection on action); and (4) the whole teaching
cycle. A rather strict criterion was applied for coding studies in categories 2 and
4, involving the interactive phase of teaching. A study was only coded in this
way if it reported lesson observations or investigated teachers’ comments on
authentic classroom video clips.

This classification scheme enables the different forms of PCK under investigation
to be identified. Shavelson, Ruiz-Primo and Wiley (2005) distinguished four types

3CoRe stands for content representation—a portrayal of PCK structured by big ideas related to a
topic with responses to key prompts (Loughran, Mulhall, & Berry, 2004).
4Despite the cyclical nature of the teaching process, it can be difficult to determine whether a
particular activity belongs to the pre-active or the post-active phase of the teaching cycle. As such,
analysis of student work, predicting student responses in assessment tasks, classifying assessment
questions and reflecting on one’s own teaching actions were assigned to the post-active phase of
teaching.



18 K. K. H. Chan and A. Hume

Table 1.4 Types of data sources used to determine teachers’ PCK

Category Description Representative studies

Written
questionnaires/surveys/tests

• Participants provide
written responses to a set
of prompts created by
researchers (e.g., a
pedagogical scenario) or
questions and statements
in a survey, questionnaire
or test

Schmelzing et al. (2013),
Sorge, Kröger, Petersen,
and Neumann (2017)

Artefacts from teaching tasks • Artefacts related to the
teaching cycle (i.e., lesson
planning, enactment and
reflection) are collected.
Examples of artefacts
include unit/topic/lesson
plans, classroom videosa,
student work, teaching
documents (e.g.,
worksheets, handouts)
and teachers’ written
reflections on enacted
lesson(s)b

Cohen and Yarden (2009),
Friedrichsen et al. (2009),
Roth et al. (2011)

Interviews • Participants provide
responses in an oral
interview, which is
recorded on videotape or
audio tape or in notes, and
later transcribed for
analysis

Henze, van Driel, and
Verloop (2008), Luft et al.
(2011)

Lesson observations • Participants’ classes or
sessions are observed or
recorded on audio tape or
videotape or in field
notes. All or part of the
recording(s) is (are) later
transcribed for analysis

Alonzo et al. (2012),
Marshall, Smart, and Alston
(2016)

aIf the lesson was video-recorded for analysis in the study, the data source was regarded as lesson
observations. It was counted as a teaching artefact only if the classroom video was used for the
purpose of stimulated recall
bReflection papers that were not on specific enacted lessons were not included in this category

of knowledge as learning goals for teaching and learning: (1) declarative knowledge
(factual, conceptual knowledge) or ‘knowing that’; (2) procedural knowledge (step-
by-step or condition–action knowledge) or ‘knowing how’; (3) schematic knowledge
or ‘knowing why’; and (4) strategic knowledge (knowledge of when, where and how
knowledge applies). Investigating a teacher’s PCK via self -report allows investiga-
tion of ‘what a teacher knows’ (i.e., knowing ‘that’) and ‘his/her reasons for his/her
judgements/action’ (i.e., knowing ‘why’) if the teacher’s reasoning is elicited. Inves-
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tigating a teacher’s performance in teaching tasks allows the investigation of ‘what
a teacher knows’ and ‘what a teacher does’. It enables researchers to investigate
how a teacher applies his/her knowledge when carrying out teaching tasks (i.e.,
enacted knowledge/skills) and his/her actual teaching acts in the classroom (i.e.,
knowledge embedded in practice/skills) when conducting lesson observation. Exam-
ining only the artefacts or teaching actions allows a teacher’s procedural knowledge
and strategic knowledge to be investigated. If a teacher’s instructional decisions and
reasoning around teaching tasks are also investigated, researchers can gain access to
the teacher’s capacity to reason (i.e., knowing ‘why’) and/or to the declarative knowl-
edge the teacher does not utilise in the teaching tasks. Finally, distinguishing between
simulated teaching tasks and real-life teaching differentiates between performance
in ‘performance tasks’ and in ‘real-life’ teaching. See Fig. 1.1 for a summary.

After the systematic coding and analysis, we produced summary tables and charts
for each of the analysis foci above (see Tables 1.5, 1.6, 1.7, 1.8 and 1.9 and Fig. 1.2).
We then selected studies that were representative of each of the categories for more
detailed reviews.

This chapter relied on investigator triangulation (Denzin, 1989) to ensure the
trustworthiness of the findings. The first author coded and analysed all of the articles.
Both authors then discussed cases that did not easily fit the categories to reach a
consensus on the coding. The authors also shared and discussed the emergent findings
in more than ten Skype meetings and many email exchanges.

Findings

Weorganise our findings by first describing the research context of the studies and the
major research lines. We then discuss the various conceptualisations of PCK before
turning our attention to the different data sources and approaches used to investigate
PCK. A brief overview of the 99 articles can be found in the Appendix at the end of
this chapter.

Research Context

Location of PCK Studies As shown in Table 1.5, the PCK studies were conducted
in diverse locations, spanning six continents, suggesting that PCK is a popular the-
oretical lens for researching science teachers’ knowledge all over the world. Most
studies were conducted in Europe (N � 35; 35.4% of all studies), followed by North
America (N � 28; 28.3%) and Asia (N � 26; 26.3%). The USA contributed the most
studies to the investigation of teachers’ PCK (N � 27). Note that only three studies
involved teachers frommore than one European country (see Table 1.5), while hardly
any studies could be found that compared PCK of teachers from different continents.
These findings are somewhat surprising given that comparative studies of PCK of
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Table 1.5 Countries in which the PCK studies were conducted

Continent Country No. of
studies

% of
studies

Studies

Africa Lesotho 1 8.1 Qhobela and Kolitsoe Moru (2014)

South Africa 6 Davidowitz and Potgieter (2016),
Mavhunga (2016), Mavhunga and
Rollnick (2016), Moodley and
Gaigher (2017), Rollnick (2017),
Rollnick, Bennett, Rhemtula,
Dharsey, and Ndlovu (2008)

Swaziland 1 Mthethwa-Kunene, Onwu, and de
Villiers (2015)

Asia Cambodia 2 26.3 Melo-Niño, Cañada, and Mellado
(2017a, 2017b)

China 2 Chen and Wei (2015), Zhou,
Wang, and Zhang (2016)

Hong Kong 2 Chan and Yung (2015, 2017)

Israel 1 Cohen and Yarden (2009)

Korea 1 Oh and Kim (2013)

Lebanon 1 Salloum and BouJaoude (2008)

Singapore 1 Tay and Yeo (2017)

Taiwan 3 Lin (2016, 2017), Lin and Chiu
(2010)

Thailand 1 Supprakob, Faikhamta, and
Suwanruji (2016)

Turkey 12 Adadan and Oner (2014), Akin
and Uzuntiryaki-Kondakçı (2018),
Aydin and Boz (2013), Aydin,
Demirdöğen, Akin,
Uzuntiryaki-Kondakçı, and Tarkin
(2015), Aydin et al. (2013, 2014),
Bektas et al. (2013), Demirdöğen
(2016), Demirdöğen, Hanuscin,
Uzuntiryaki-Kondakçı, and
Köseoğlu (2016), Demirdöğen and
Uzuntiryaki-Kondakçı (2016),
Kaya (2009),
Uzuntiryaki-Kondakçı,
Demirdöğen, Akin, Tarkin, and
Aydın (2017)

Oceania New Zealand 1 1.0 Donnelly and Hume (2015)

(continued)
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Table 1.5 (continued)

Continent Country No. of
studies

% of
studies

Studies

Europe Finland 1 35.4 Käpylä, Heikkinen, and Asunta
(2009)

Germany 17 Alonzo et al. (2012), Bindernagel
and Eilks (2009), Förtsch et al.
(2016), Großschedl, Harms,
Kleickmann, and Glowinski
(2015), Großschedl, Mahler,
Kleickmann, and Harms (2014),
Jüttner and Neuhaus (2012),
Kirschner et al. (2016), Krepf et al.
(2017), Mahler et al. (2017),
Meschede, Fiebranz, Möller, and
Steffensky (2017), Paulick,
Großschedl, Harms, and Möller
(2016), Rosenkränzer, Hörsch,
Schuler, and Riess (2017),
Scharfenberg and Bogner (2016),
Schmelzing et al. (2013), Sorge
et al. (2017), Stender, Brückmann,
and Neumann (2017), van Dijk
(2009)

Greece 2 Piliouras, Plakitsi, Seroglou, and
Papantoniou (2017), Stasinakis
and Athanasiou (2016)

The
Netherlands

3 Barendsen and Henze (2017),
Henze et al. (2008),
Wongsopawiro, Zwart, and van
Driel (2017)

Scotland 1 Findlay and Bryce (2012)

Sweden 7 Bergqvist and Chang Rundgren
(2017), Bergqvist, Drechsler, and
Chang Rundgren (2016), Kellner,
Gullberg, Attorps, Thorén, and
Tärneberg (2011), Nilsson and
Loughran (2012), Nilsson and van
Driel (2010), Nilsson and
Vikström (2015), Walan, Nilsson,
and Ewen (2017)

UK 1 Kind (2017)

More than
one
European
country

3 Keller et al. (2017), Smit, Rietz,
and Kreis (2017), Smit, Weitzel
et al. (2017)

(continued)
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Table 1.5 (continued)

Continent Country No. of
studies

% of
studies

Studies

North
America

USA 27 28.3 Alonzo and Kim (2016), Barnett
and Friedrichsen (2015),
Boesdorfer and Lorsbach (2014),
Brown, Friedrichsen, and Abell
(2013), Burton (2013), Diezmann
and Watters (2015), Friedrichsen
et al. (2009), Gess-Newsome et al.
(2017), Hallman-Thrasher,
Connor, and Sturgill (2017),
Hanuscin (2013), Hanuscin, Lee,
and Akerson (2011), Heller et al.
(2012), Jin, Shin, Johnson, Kim,
and Anderson (2015), Kanter and
Konstantopoulos (2010), Lucero,
Petrosino, and Delgado (2017),
Luft (2009), Luft et al. (2011),
Marshall et al. (2016), Monet and
Etkina (2008), Park and Chen
(2012), Park, Jang, Chen, and Jung
(2011), Park and Oliver (2008a,
2008b), Park et al. (2017), Roth
et al. (2011), Sickel and
Friedrichsen (2017), Suh and Park
(2017)

Mexico 1 Alvarado, Cañada, Garritz, and
Mellado (2015)

South
America

Chile 1 1.0 Bravo and Cofré (2016)

teachers from different continents, both large scale (e.g., Blömeke, Suhl, & Kaiser,
2011) and small scale (e.g., An, Kulm, & Wu, 2004), have been published in the
mathematics education literature.

Research Participants and Sample Size The research participants in the PCK stud-
ies included pre-service teachers (e.g., Kind, 2017), beginning in-service teachers
(e.g., Luft et al., 2011), experienced teachers with more than five years of teaching
experience (e.g., Chan & Yung, 2015) and scientists (e.g., Schmelzing et al., 2013)
(see Appendix). The majority of the studies (N � 73)5 used in-service teachers as the
research participants. Some studies (N � 7) investigated the PCK of both novice and
more experienced, or expert, teachers (e.g., Krepf, Plöger, Scholl, & Seifert, 2017)
and mentor teachers (e.g., Nilsson & van Driel, 2010). Others (N � 2) compared

5Because 9 studies involved both pre-service and in-service teachers, the total number of studies is
108, rather than 99.
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ğe
n

(2
01
6)
,F

ri
ed
ri
ch
se
n
et
al
.

(2
00
9)
,K

re
pf

et
al
.(
20
17
),
L
in

an
d
C
hi
u
(2
01
0)
,M

oo
dl
ey

an
d

G
ai
gh
er

(2
01
7)
,v
an

D
ijk

(2
00
9)

10
X

X

A
ki
n
an
d

U
zu
nt
ir
ya
ki
-K

on
da
kç
ı(
20
18
),

A
yd
in

an
d
B
oz

(2
01
3)
,A

yd
in

et
al
.(
20
14
),
B
ar
en
ds
en

an
d

H
en
ze

(2
01
7)
,P

ar
k
et
al
.(
20
11
)

5
X

X

Pi
lio

ur
as

et
al
.(
20
17
)

1
X

X

(c
on
tin

ue
d)



1 Towards a Consensus Model: Literature Review … 33

Ta
bl

e
1.

8
(c
on
tin

ue
d)

St
ud

y/
st
ud

ie
s

N
D
at
a
so
ur
ce
(s
)

W
ri
tte

n
te
st
s/
qu

es
tio

nn
ai
re
s/
su
rv
ey
s

Te
ac
hi
ng

ar
te
fa
ct
s

In
te
rv
ie
w
s

L
es
so
n
ob
se
rv
at
io
ns

O
th
er
s

T
hr

ee
or

m
or

e
ty

pe
s

of
da

ta
so

ur
ce

s
(N

�
43

)

K
äp
yl
ä
et
al
.(
20
09
),
K
el
ln
er

et
al
.(
20
11
),
M
el
o-
N
iñ
o
et
al
.

(2
01
7a
)

3
X

X
X

M
av
hu
ng
a
(2
01
6)
,M

av
hu
ng
a

an
d
R
ol
ln
ic
k
(2
01
6)

2
X

X
X

B
oe
sd
or
fe
r
an
d
L
or
sb
ac
h

(2
01
4)
,B

ra
vo

an
d
C
of
ré

(2
01
6)
,B

ro
w
n
et
al
.(
20
13
),

C
ha
n
an
d
Y
un
g
(2
01
5,

20
17
),

D
ie
zm

an
n
an
d
W
at
te
rs
(2
01
5)
,

G
es
s-
N
ew

so
m
e
et
al
.(
20
17
),

L
uc
er
o
et
al
.(
20
17
),
N
ils
so
n

an
d
V
ik
st
rö
m

(2
01
5)
,P

ar
k
an
d

C
he
n
(2
01
2)
,R

ol
ln
ic
k
et
al
.

(2
00
8)
,S

ic
ke
la
nd

Fr
ie
dr
ic
hs
en

(2
01
7)
,S

uh
an
d
Pa
rk

(2
01
7)
,

Su
pp
ra
ko
b
et
al
.(
20
16
),

U
zu
nt
ir
ya
ki
-K

on
da
kç
ıe
ta
l.

(2
01
7)

15
X

X
X

B
ar
ne
tt
an
d
Fr
ie
dr
ic
hs
en

(2
01
5)
,B

er
gq
vi
st
an
d
C
ha
ng

R
un
dg
re
n
(2
01
7)
,B

er
gq
vi
st

et
al
.(
20
16
),
D
on
ne
lly

an
d

H
um

e
(2
01
5)
,H

an
us
ci
n
(2
01
3)
,

W
al
an

et
al
.(
20
17
),

W
on
gs
op
aw

ir
o
et
al
.(
20
17
)

7
X

X
X

(c
on
tin

ue
d)



34 K. K. H. Chan and A. Hume

Ta
bl

e
1.

8
(c
on
tin

ue
d)

St
ud

y/
st
ud

ie
s

N
D
at
a
so
ur
ce
(s
)

W
ri
tte

n
te
st
s/
qu

es
tio

nn
ai
re
s/
su
rv
ey
s

Te
ac
hi
ng

ar
te
fa
ct
s

In
te
rv
ie
w
s

L
es
so
n
ob
se
rv
at
io
ns

O
th
er
s

R
ot
h
et
al
.(
20
11
)

1
X

X
X

C
he
n
an
d
W
ei
(2
01
5)

1
X

X
X

A
yd

in
et
al
.(
20
13
),
C
oh
en

an
d

Y
ar
de
n
(2
00
9)
,D

em
ir
dö
ğe
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teachers’ PCK from their last year of teacher education to their first years in the
profession (e.g., Findlay & Bryce, 2012).

Figure 1.2 shows the grade levels of the teachers and the respective sample sizes
of the PCK studies. There were more studies on secondary (N � 86) than primary
(N � 23) teachers.6 In ten of the studies, both primary and secondary teachers
were investigated. Regarding the subject domain, secondary chemistry teachers (N
� 27) were the most researched, followed by secondary biology teachers (N � 25)
(Fig. 1.2). The sample size of the reviewed studies ranged from 1 (e.g., Barendsen
& Henze, 2017) to 631 teachers (Paulick et al., 2016) (see Appendix). The great
majority of the studies (73 out of 99) had sample sizes with fewer than 50 teachers
(see Appendix and Fig. 1.2), of which 54 comprised less than 10 teachers. Only one
study had a sample size larger than 500.

Topic Under Investigation Some studies investigated different teachers’ PCK for
teaching the same topic (e.g., Friedrichsen et al., 2009). Others explored the same
teacher’s PCK for teaching different topics (e.g., Aydin, Friedrichsen, Boz, &Hanus-
cin, 2014). Still, others investigated different teachers’ PCK in the context of teaching
different topics (e.g., Nilsson & Vikström, 2015). The focal subject contents were
often conceptually challenging and difficult, such as chemical equilibrium in chem-
istry (e.g., Mavhunga & Rollnick, 2016), photosynthesis in biology (e.g., Park &
Chen, 2012) and electricity in physics (e.g., Moodley & Gaigher, 2017). Electric
circuit was a commonly researched topic in studies of primary teachers’ PCK (e.g.,
Heller, Daehler, Wong, Shinohara, & Miratrix, 2012). In some studies, the subject
matter seemed to be narrower in scope (e.g., ideas about chemicals), whereas in others
it was broader (e.g., organic chemistry). Some topics also appeared more generic in
nature (e.g., nature of science, system thinking). In some studies, the focal topic was
defined by the curriculum materials provided by the professional developer (e.g.,
Kanter & Konstantopoulos, 2010). Collectively, there were clear variations in the
scope of the focal subject matter and how a ‘topic’ was defined in different studies.

Summary In summary, PCK has been used in the last decade as a theoretical frame-
work in investigations to understand the content-specific knowledge of science teach-
ers across grade levels and career spans in many countries around the world. Most of
these studies used small samples (<50 teachers) and involved in-service secondary
teachers. There were obvious differences in the scope of the subject matter and the
grain size of the topics in different studies, and different researchers appeared to use
different definitions of a ‘topic’.

6Because 10 studies involved both primary and secondary school teachers, the total number of
studies is 109, rather than 99.
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Major Research Lines

Table 1.6 displays the major purposes of the reviewed PCK studies in science and
their researchmethods (i.e., qualitative, quantitative ormixedmethods). Themajority
of the PCK researchers (N � 65) used qualitative methods. Interestingly, quantitative
or mixed methods were adopted in more recent studies, with nearly two-thirds of
these studies (N � 20 out of 34) published in or after 2016. Nearly, half of these
studies had a larger sample size larger than 100. We discerned several distinct lines
of research and reviewed them in this section.

The first line of research focused on the nature of science teachers’ PCK and
included the great majority of the studies. Most of them were small-scale qualita-
tive studies, typically describing the nature and content of the teachers’ PCK with
respect to predetermined PCK components (e.g., Bergqvist et al., 2016; Kellner et al.,
2011). Several studies compared the PCK between different groups of teachers, such
as expert and novice teachers (e.g., Krepf et al., 2017), or primary and secondary
teachers (e.g., Lin, 2017) to illuminate the difference in PCK profiles between the
teacher groups. A number of studies emphasised the nature of integration between the
PCK components (e.g., Aydin&Boz, 2013; Park&Chen, 2012). Others attempted to
use their empirical findings to refine concepts about PCK and/or uncover new aspects
of PCK. For example, by investigating how teachers responded to unexpected stu-
dent thinking captured in carefully selected video clips, Alonzo and Kim (2016)
argued for the presence of a more dynamic and flexible form of PCK that underpins
teachers’ spontaneous instructional decision-making. Some studies assigned to this
strand explored how certain factors influenced the nature and content of teachers’
PCK. For example, Bergqvist and Chang Rundgren (2017) investigated the influence
of textbooks on chemistry teachers’ PCK, while Friedrichsen et al. (2009) explored
the role of teaching experience on teachers’ PCK.

The second line of research investigated the development of science teachers’ PCK
in naturalistic settings or in the context of initial teacher preparation. All but one of
these studies were qualitative and involved small samples (<10 teachers). These PCK
studies generally provided a snapshot of the teachers’ PCK,measured using the same
instrument(s) before and after a certain time frame. The time frame ranged from a
single teaching instance (e.g., Chan &Yung, 2015) to longer periods such as the four
and a half-year longitudinal study conducted by Findlay and Bryce (2012). Only
two longitudinal studies (i.e., Findlay & Bryce, 2012; Henze et al., 2008) exceeded
two years. Longitudinal studies spanning several years and with large sample sizes
are yet to appear. Sorge et al. (2017) are a rare example of a quantitative study with
a large sample size. The authors investigated the PCK development of pre-service
physics teachers using a cross-sectional design, in which they compared the PCK of
beginning pre-service teachers with that of teachers in their advanced year.

The third line of studies explored the relationship between PCK and other vari-
ables, such as teachers’ cognition (e.g., teaching script; Stender et al., 2017), affective
attributes such as attitudes, self-concept and beliefs (Mavhunga & Rollnick, 2016;
Paulick et al., 2016; Smit, Weitzel, et al., 2017), knowledge (e.g., CK; Davidowitz
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& Potgieter, 2016; Käpylä et al., 2009; Lucero et al., 2017; Rollnick et al., 2008),
instructional practices (e.g., reformed science teaching; Park et al., 2011) cognitive
activation (Förtsch et al., 2016), and student achievement (Gess-Newsome et al.,
2017; Kanter & Konstantopoulos, 2010; Keller et al., 2017). These studies may be
aggregated into two subgroups. The first subgroup typically involved small, qualita-
tive studies that explored the relationship between PCKand the variable(s) of interest.
The second subgroup often used standardised paper and pencil tests to investigate
the PCK of a large sample of teachers. Studies within this subgroup used different
statistical analysis methods to explore and verify the relationship between PCK and
the variable(s) of interest. These methods included the use of doubly latent multi-
level analysis (e.g., Mahler et al., 2017), multilevel structural equation modelling
(e.g., Keller et al., 2017) and other similar analysis methods.

The fourth line of studies investigated changes in science teachers’ PCK as a
result of an intervention. These studies may be situated in the context of a method
course (N � 11) or an in-service professional development programme (N � 13)
and are divided into two subgroups. The first subgroup typically sought to report
qualitative changes in the content and/or nature of teachers’ PCK before and after
the intervention. The other subgroup relied on quantitative methods to investigate
the effectiveness of the intervention and often adopted quasi-experimental designs
(e.g., Rosenkränzer et al., 2017; Roth et al., 2011).

The last line of research involved reporting the development and validation of an
instrument for measuring science teachers’ PCK. All, except the study by Marshall
et al. (2016), reported the development of written questionnaires, surveys or tests for
measuring teacher’s PCK.Marshall et al. (2016) described an observational protocol
for such a purpose. Studies in this line of research typically made use of statistical
analysis to validate the instrument. Some studies also validated their instruments
using qualitative data (e.g., think-aloud interviews by experienced teachers; Park
et al., 2017).

Summary Five major lines of research were identified within the reviewed studies
of science teachers’ PCK. Small-scale descriptive studies aiming to capture and
portray the nature and content of PCK among a small number of teachers continued
to predominate. A clear trend over time is the increasing number of studieswith larger
samples that aim to move beyond description and explore the relationships between
PCK and other variables. Alongside this trend, there has been a surge of interest in
measuring PCK, as reflected in the publication of recent articles discussing how to
create valid and reliable measurement instruments. The review also identified some
gaps in the literature. For example, there is a lack of extended longitudinal studies
using large participant samples (>50) over a period of three or more years.
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Conceptualisation of PCK

The reviewed studies can be broadly classified into two groups (Table 1.7). The
first group (N � 9; about 9.1%) adopted an integrative stance when conceptualising
PCK (Gess-Newsome, 1999), in which it was not treated as a distinct category
of knowledge and several knowledge categories related to PCK were investigated.
The second group of studies (N � 88; 88.9%) adopted a transformative stance in
conceptualising PCK (Gess-Newsome, 1999), treating it as a distinct category of
knowledge. In these studies, PCK was often further conceptualised as comprising
various PCK components.

All nine studieswithin the first group (Table 1.7) investigated the science teachers’
content knowledge. Other knowledge categories that were investigated included ped-
agogical knowledge (N � 8), contextual knowledge (N � 5), knowledge of students
(N � 2) and curricular knowledge (N � 1). Assessment knowledge, a component
within teachers’ professional bases in the consensus model (Gess-Newsome, 2015),
was not investigated in any of the studies.

Of the 88 studies that adopted the transformative stance, it is noteworthy that
about a third of them (N � 26) did not specify a PCK model that informed their
studies. Some of these studies did not even provide a clear definition of the PCK
components under investigation. Typically, these authors referred to a number of
PCK models and claimed that they were looking at the component(s) commonly
agreed upon in the science PCK field. They then went on to give the name(s) of their
component(s) of interestwithout defining them. In some instances, new terminologies
were introduced. Roth et al. (2011), for example, described their two PCK compo-
nents as (1) knowledge about creating a coherent science content storyline and (2)
knowledge about eliciting, supporting and challenging students’ thinking. Similarly,
Rosenkränzer et al. (2017) created a new term for their PCK component—knowl-
edge of curriculum and educational ends. Although some other authors referred to
Shulman’s original definition of PCK, they also introduced new terms. For example,
Oh and Kim (2013) introduced the term ‘pedagogical transformation’ to describe
‘the instructional principle in which scientific ideas are simplified and reconstructed
into what can be readily accessible to and understood by students without distorting
the essential features of the ideas’ (p. 1593).

Themost commonly used PCKmodel across the reviewed paperswas the transfor-
mative model byMagnusson et al. (1999) and its variants (i.e., Hanuscin et al., 2011;
Park & Chen, 2012; Park & Oliver, 2008a, 2008b; Park et al., 2017) (N � 41). It was
adoptedby science education researchgroups in various geographic locations, includ-
ing Asia (e.g., Chan&Yung, 2015), Oceania (e.g., Donnelly &Hume, 2015), Europe
(e.g., Scharfenberg & Bogner, 2016), North America (e.g., Sickel & Friedrichsen,
2017) and South America (e.g., Bravo & Cofré, 2016). The PCKmodel proposed by
Mavhunga and Rollnick (2013) was popular in South African science PCK studies,
while the model of Tepner et al. (2012) informed several German science PCK stud-
ies. In addition, the science PCK community started to cross-reference the work of
mathematics PCK communities. Several recent studies (i.e., Diezmann & Watters,



44 K. K. H. Chan and A. Hume

2015; Moodley & Gaigher, 2017) were conceptually grounded in a PCK model in
mathematics education (i.e., the mathematics knowledge for teaching (MKT) model
by Hill et al., 2008). More recently, there has been a clear trend for the increasing
use of the CM for teacher professional knowledge and skills (Gess-Newsome, 2015)
in PCK studies. However, while researchers generally connected their theoretical
framework to the CM, a closer look at the articles suggested that the consensus
thinking about PCKwas not always adhered to in the studies. For example, a number
of researchers equated PCK with the TSPK in the CM. Smit, Rietz, et al. (2017), and
Smit, Weitzel, et al. (2017), for example, claimed that their PCK items targeted two
important components of the CM (i.e., two components within TSPK). Likewise,
Kind (2017) defined PCK as an amalgam of TSPK and content knowledge (CK) that
is context-free and generalisable, different from the private and idiosyncratic nature
of personal PCK in the CM.

The model of Magnusson et al. (1999) has proven to be a useful framework for
analysing the PCK components investigated in the reviewed studies. Only a few
PCK components investigated in the studies are not included in this model, includ-
ing teachers’ self-efficacy (Park & Oliver, 2008b), teachers’ knowledge about the
difficulty of tasks and content (Keller et al., 2017) and subject matter for teach-
ing (van Dijk, 2009). Again, variations and deviations in the use of terminologies
and meanings were apparent when describing the PCK components. Although many
researchers adopted the Magnusson et al. (1999) model, they tended to use the same
term for somewhat different ideas, resulting in a subtle shift in the meaning of the
original definition. A case in point is the PCK component ‘knowledge of curriculum’,
which Magnusson et al. (1999) originally conceptualised as comprising a teacher’s
knowledge of learning goals and instructionalmaterials, the sequencing of instruction
across particular topics (horizontal curricula) and knowledge of vertical curricula.
Park and Oliver’s (2008b) pentagon model aligned this PCK component with the
notion of curricular saliency (Geddis et al., 1993). Friedrichsen et al. (2009) made
a similar connection in defining the PCK components. At the same time, different
researchers have sometimes used different terms for something approaching the same
idea. For instance, although Mavhunga and Rollnick (2013) included a PCK com-
ponent called curricular saliency in their PCK model, they did not connect it to the
knowledge of curriculum component in the Magnusson et al. (1999) model.

As shown in Table 1.7, nearly all of the studies in the second group (86 out of
88 studies) investigated the PCK component, knowledge of students’ understand-
ing of science. Most studies (80 out of 86) studied science teachers’ knowledge of
instructional strategies and representations. These appear to be the two most com-
monly agreed-upon PCK components. About one-third (30 out of 88) of the studies
included the affective attribute, orientations to teaching science, as part of their
investigation. Nearly, all of these studies used the original PCK model proposed by
Magnusson et al. (1999), or a version of it, as their theoretical backbone. It is also
worth pointing out that nearly half (13 out of 31) of the studies that used this model
ignored the orientation component. The majority of the studies (N � 58) did not
include affective attributes as a part of PCK.
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During analysis, it was found that an increasing number of studies have explored
the connections between two or more PCK components. Recently, Park and her
colleagues (Park & Chen, 2012; Suh & Park, 2017) developed the PCK mapping
approach (see Chap. 9 in this volume) to investigate the integration between PCK
components. A number of studies adopted this approach to investigate the PCK pro-
files of teachers (Aydin&Boz, 2013;Aydin et al., 2015). This focus on the integration
between PCK components reinforces the consensus view that although PCK com-
prises discrete components, they are blended together and functioned synergistically
when applied to solving problems in practice (Abell, 2008).

Summary Among the reviewed studies of science teachers’ PCK, several prevalent
views about how researchers conceptualised PCK can be identified. It seems that
(1) most researchers viewed PCK as a distinct category of knowledge comprising
various components; (2) the two most commonly agreed-upon and investigated PCK
components were knowledge of students’ understanding of science and knowledge
of instructional strategies and representations that align with Shulman’s original pro-
posal; (3) most studies, except those adopting theMagnusson et al. (1999) model, did
not consider teachers’ affective attributes to be part of PCK; and (4) there was some
degree of agreement about the importance of integration between PCK components.

Apart from areas of consensus, the review also highlighted issues of concern
within the science PCK community. First, a significant number of studies did not
explicitly define the PCK components under investigation. Second, a lack of shared
terminologies about the PCK components and an inconsistent use of terms were
apparent. Third, the connection to the CM was cosmetic rather than genuine, which
may be an indication of the challenge of integrating the CM into extant lines of work.

Data Source(s) to Investigate PCK

Four major types of data sources for investigating science teachers’ PCK were iden-
tified: (1) written tests, surveys and questionnaires; (2) interviews; (3) artefacts from
teaching tasks; and (4) lesson observations. The types of data sources used in each
of the reviewed PCK studies are listed in Table 1.8. About 37.4% (N � 37) of the
studies used only a single data source, whereas nearly half (N � 43; 43.3%) used
more than three data sources to investigate the teachers’ PCK. Below, we provide
examples of how these data sources were used.

(1) Written tests/questionnaires/surveys. These came in a variety of formats. For
example, some consisted of a list of statements about teaching a particular sci-
ence subject, with which teachers had to rate their level of agreement (Stasinakis
& Athanasiou, 2016); some contained multiple-choice (MC) questions with a
single answer (e.g., Stender et al., 2017); some combined true or false items,
MC items, matching items and open-ended (short or long response) items (e.g.,
Sorge et al., 2017); and some contained open-ended, scenario-based items in
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the form of teaching vignettes (e.g., Kind, 2017). There were also written sur-
veys asking the participants to predict students’ difficulties in learning particular
science content matter (e.g., Zhou et al., 2016). These tests, questionnaires and
surveys were administered onWeb-based platforms (e.g., Lin, 2017) or as paper
and pencil tests (i.e., time constrained) (e.g., Sorge et al., 2017).

(2) Interviews. Interviews were often semi-structured and carried out with indi-
vidual teachers. Most researchers designed their interview protocols around the
components of a PCKmodel (e.g., Henze et al., 2008) or the question prompts of
the Content Representations (CoRes) (e.g., Walan et al., 2017). Teachers were
also asked questions about a particular science lesson that they had enacted
(e.g., Chan & Yung, 2017) or to describe their general ‘best’ science lesson in
the interview (e.g., Luft et al., 2011). Alternative ways of conducting interviews
included focus group interviews (e.g., Donnelly & Hume, 2015) and engaging
novice interviewers such as student teachers in interviewing the participating
teachers (e.g., Bindernagel & Eilks, 2009). In some studies, the interviewees
were mentor teachers (e.g., Hallman-Thrasher et al., 2017) or students taught
by the participating teacher(s) (e.g., Diezmann & Watters, 2015).

(3) Artefacts from teaching tasks. Artefacts were taken from different phases of
the teaching cycle, i.e., the pre-active phase of teaching, such as lesson plans
(e.g., Bergqvist et al., 2016); the interactive phase of teaching, such as teaching
videos (e.g., Chan & Yung, 2015); and the post-active phase of teaching, such
as students’ work and teachers’ written reflections on the enacted lessons (e.g.,
Park & Oliver, 2008a).

(4) Lesson observations. Teachers were observed live by the researcher(s). The
lessons were often video-recorded for later analysis (e.g., Chan & Yung, 2017).

(5) Other data sources. These included audio-recorded conversations between
mentor and mentee (Barnett & Friedrichsen, 2015); audio-recorded meth-
ods’ class activities and artefacts (Mavhunga & Rollnick, 2016); researchers’
reflective journals (Park & Oliver, 2008b); student teachers’ reflection papers
(Demirdöğen et al., 2016); teachers’ project reports (Rollnick, 2017); stu-
dents’ questionnaire responses (Walan et al., 2017); teacher guides (Chen
& Wei, 2015); teacher workshop discussions (Cohen & Yarden, 2009); and
textbooks (Melo-Niño et al., 2017b). The purpose of these data sources often
seemed to provide additional contextual information or triangulation. However,
researchers rarely made explicit how the data sources were used or analysed to
understand science teachers’ PCK.

Summary Four major types of data sources for determining science teachers’ PCK
were identified. It is significant that a large number of studies (N � 37; 33.4%) used
only a single type of data source to investigate the teachers’ PCK, which allows
investigation of limited aspects of a teacher’s PCK. Another concern is that although
researchers included various data sources (e.g., classroom artefacts, researchers’
reflective journal) in the method section of their studies, they seldom made clear
how these sourceswere used to determine teachers’ PCK.Whether these data sources
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were only used to provide contextual information or for the purpose of triangulation
in determining teachers’ PCK was often not clearly explained in the articles.

Different Approaches for Determining Science Teachers’ PCK

We distinguished two approaches for determining PCK. The first approach, in which
teachers’ PCK is revealed by teachers’ self -reports, can be regarded as less authentic
and more distant from real-life teaching contexts than the second approach, which
investigates PCK via teachers’ performance in teaching tasks. The two approaches
also allow the investigation of different forms of PCK, i.e., what teachers know, what
they do and their reasons for their judgements and action (see also Fig. 1.1).

Table 1.9 shows the approaches used in each of the studies. From the table, it can
be discerned that about half (N � 48) adopted the self-report approach to determine
teachers’ PCKwhile about two-thirds (N �64)7 determined teachers’ PCKaccording
to their performance when carrying out teaching tasks.

Approach 1—Via Self-reports Three subgroups were identified: (1) PCK tests; (2)
questionnaires, surveys and interviews; and (3) self-reports of actual practices. The
following briefly reviews how PCK was determined in representative PCK studies.

(1) PCK tests. Teachers attempted a ‘test’, and their responses to the test were
judged against ‘correct’ answers. Responses may be dichotomously scored (0
or 1 mark) or polytomously scored (0 mark, 1 mark for partially ‘correct’, 2
marks for ‘fully correct’) with respect to the ‘correct’ answers, as established
by the researchers or experts (e.g., Rosenkränzer et al., 2017; Smit, Rietz, et al.,
2017). Alternatively, the teachers’ responses might be compared with those of
their students (e.g.,whether the studentmisconceptions predicted by the teachers
matched with the misconceptions evident in students’ interviews and tests) or
with the existing literature on student misconceptions and learning difficulties
as a point of reference (e.g., Schmelzing et al., 2013).

(2) Questionnaires/surveys/interviews. In most cases, teachers answered open-
ended questions to elicit their PCK inwritten format (e.g., Kellner et al., 2011) or
verbally in interviews (e.g., Salloum & BouJaoude, 2008). Teachers’ PCK was
then content-analysed to reveal its content and nature. Some studies quantified
the qualitative data by first categorising the responses based on predetermined
PCK components or categories that emerged from the data, and then document-
ing the frequencies of each category or component (Scharfenberg & Bogner,
2016). In some rare cases, teachers’ self-perceived knowledge was elicited in
questionnaires. Nilsson and Loughran (2012), for example, asked the participat-
ing student teachers to self-assess their own development of PCK components
by asking them to rate their perceived importance of, and confidence in using,
the CoRes prompts in shaping their thinking about teaching a science topic.

7The total number does not add up to 99 as some studies used both approaches.
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(3) Self -report of actual practices. Teachers were asked to describe their actual
practices in interviews or in writing. Henze et al. (2008), for instance, inter-
viewed experienced science teachers and asked them to describe their practices
of teaching the topic ‘models of the solar system and the universe’. The inter-
view transcripts were then content-analysed with respect to predetermined PCK
components. A less common method was to ask teachers to self-assess and rate
their level of agreement with a given statement about their teaching of a par-
ticular topic. In the study by Stasinakis and Athanasiou (2016), for instance,
181 Greek biology teachers completed a self-report questionnaire on how they
taught the topic of evolution, using a Likert response scale.

Approach 2—Via Performance in Teaching Tasks Of the 64 studies that used this
approach, 6 examined only the teaching artefacts/teacher actions, whereas 60 also
examined the science teachers’ instructional decisions8; 27 studies used simulated
performance tasks, and 37 studied teachers’ real-life teaching.9 The following briefly
reviews how PCK was determined in selected studies.

(1) Studies that examined only the teaching artefacts/actions

No study examined only teaching artefacts related to planning (i.e., lesson plan).
All of the studies in this group examined teacher actions. Typically, the researchers
analysed the teaching acts of the teachers using observation protocols (e.g., Marshall
et al., 2016) or lesson transcripts (e.g., Oh & Kim, 2013).

(2) Studies that also examined the teachers’ teaching decisions and instructional
reasoning

(a) Using simulated teaching tasks

Most studies (18 studies) targeted the lesson planning stage, and only four inves-
tigated PCK related to the enactment phase of teaching. The following are some
examples.

Pre-active phase:

(i) Lesson preparation tasks (e.g., Bergqvist & Chang Rundgren, 2017; Bergqvist
et al., 2016; Friedrichsen et al., 2009; Käpylä et al., 2009; Kellner et al., 2011). In
thismethod, teachers were asked to complete a science lesson plan andwere then
interviewed to understand the rationales underpinning their planning decisions.
Alternatively, teachers were asked to complete a Content Representation (CoRe;
for full explanation of aCoRe, see Loughran et al., 2004) as ameans of indicating
their lesson/unit plan (e.g., Adadan&Oner, 2014; Aydin et al., 2013). The lesson
plan/CoRes as well as the interview transcripts were then content-analysed to
reveal the teachers’ PCK.

8The total number does not add up to 64 as two studies contained separate tasks that allowed
the examination of the teaching artefacts/actions only in one task and the teachers’ decisions and
reasoning around the other teaching task.
9The total number does not add up to 60 as four studies used both simulated teaching tasks and
investigated real life in situ.
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Interactive phase:

(ii) Video analysis task (videos from other teachers). Roth et al. (2011) asked teach-
ers to analyse videos of primary teachers teaching science who were unfamiliar
to them and to identify the strategies used in the videos. Krepf et al. (2017)
engaged both novice and experienced teachers in analysing problematic video
cases. The videos used by researchers also varied in length in different stud-
ies, from several minutes (less than 1–5 min) (Alonzo & Kim, 2016) to longer
video clips that captured a lesson (e.g., 15 min) (Krepf et al., 2017). Teachers’
comments on the videos were further analysed to determine their PCK.

Post-active phase:

(iii) Tasks involving researcher-created PCK elicitation probes. Cohen and Yarden
(2009) designed a tool to explore teachers’ PCK based on the Magnusson et al.
(1999) model. Teachers were asked to comment on illustrations representing
how the topic ‘cells’ should be taught in the curriculum. The picture acted as a
probe to elicit teachers’ knowledge of the science curriculum. The teachers in
the study were also asked to classify questions for the assessment of different
grade levels and to identify unsuitable questions for the purpose of eliciting
their knowledge of assessment. Teachers’ responses to the tasks were examined
to reveal their PCK.

(iv) Students’ performance prediction task. Lucero et al. (2017) asked the biology
teachers in their study to predict students’ choices of particular MC items to
probe their knowledge of the students. Teachers’ predictions were compared
with students’ actual performance to determine the quality of teachers’ PCK.

Whole teaching cycle:

(v) Peer teaching sessions. Rollnick (2017) analysed the PCK of the participants
based on the lesson plan and audio-recorded the peer teaching sessions at the
beginning of the course.

(b) Investigating real-life teaching in situ

Pre-active phase:

(i) Planning interviews. Chan and Yung (2015) used semi-structured interviews to
investigate the teachers’ planning decisions for the biology lessons they were
to enact. The interview transcripts were analysed qualitatively to uncover the
teachers’ PCK.

(ii) Using CoRes as a tool. Walan et al. (2017) asked teachers to complete a CoRe
to indicate their planning of the lessons that they would enact and conducted
semi-structured interviews to understand their planning decisions. The CoRes
and the interview transcripts were examined for teacher’s PCK.

(iii) Analysing planning conversations. Barnett and Friedrichsen (2015), for exam-
ple, captured the conversations between a student teacher and his mentor,
including brief discussions between classes and more sustained discussions
during planning and reflection for analysis of their PCK.
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Interactive phase:

(iv) Interactive video task (own videos). Alonzo and Kim (2016) elicited physics
teachers’ reasoning in the moment by asking them to comment on short video
clips selected from their own classrooms that possibly captured unexpected
student thinking. The participants were forced to think on their feet and made
instructional decisions in the moment during the interviews.

Post-active phase:

(v) Written video analysis task (own videos). Kanter and Konstantopoulos (2010)
asked teachers to analyse their own teaching video clips by constructing
episodes that documented what their students said, did and wrote in class,
students’ thoughts about the science concepts and their follow-up responses.
The written responses were then graded using a rubric to determine the quality
of teachers’ PCK.

(vi) Stimulated recall interviews using videos. Researchers such as Brown et al.
(2013) andChan andYung (2015) used carefully selected video excerpts during
the interviews to stimulate teachers’ recall and probe into their pedagogical
reasoning or decisions underlying their teaching actions in the biology lessons
they enacted. Nilsson and van Driel (2010) presented an alternative approach
to stimulated recall interviews, which they referred to as the critical incident
approach. They asked the participating teachers to pause the video and make
comments when they saw ‘special events’ in the videos that caused them to
reflect on their teaching. The PCK embedded in the teachers’ responses was
further analysed.

(vii) Writing reflection on enacted lessons (e.g., reflective journal). Several
researchers analysed the knowledge embedded in science teachers’ reflections
on their own teaching practices (e.g., Park & Oliver, 2008a; Wongsopawiro
et al., 2017).

Several emerging issues related to the wide variety of ways that researchers use
to determine teachers’ PCK warrant further discussion.

First, to interpret a study’s findings it is important to take into account the approach
taken to determine teachers’ PCK as this decision reflects the different form(s) of
PCK under investigation. Shulman (2015) recently reminded researchers in the field
that PCK is not only propositional in nature, but also a type of strategic knowledge
(i.e., knowledge of when, where and how knowledge applies). He further commented
that PCK ‘was not to be construed as “something” that teachers had in their heads but
was a more dynamic construct that described the processes that teachers employed
when confronted with the challenge of teaching particular subjects to particular
learners in particular settings’ (p. 9). Arguably, a teacher’s PCK determined through
written surveys and tests or reported verbally (i.e., knowledge, mainly declarative
in nature) (Approach 1) may not be the same as the knowledge that the teacher
uses for carrying out teaching tasks, such as planning, teaching in the classroom
and reflection (i.e., enacted knowledge) (Approach 2). Given this distinction, it is of
concern that few of the reviewed articles made explicit the forms of knowledge that
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they were investigating. This lack of explicit reference to different forms of PCK
under investigation makes it virtually impossible to compare the findings of different
studies in science education research.

Second, very few studies actually distinguished between the PCK related to dif-
ferent phases of the teaching cycle (i.e., pre-active, interactive and post-active phases
of teaching) (Approach 2). It is clear that PCK that informs a teacher’s planning deci-
sions may not necessarily be translated into the teacher’s teaching acts in a particular
classroom. While many studies (N � 28) investigated a teacher’s PCK associated
with the entire teaching cycle in real-life settings, they seldom made explicit the
PCK associated with each phase of the teaching cycle (see Chan and Yung, 2015,
for an exception). In most cases, the researchers generated a single PCK profile for
the teachers, assuming that the PCK associated with different phases of the teaching
cycle was essentially the same. Moreover, as shown in Table 1.9, most of the stud-
ies (18 out of 27) that made use of simulated teaching tasks focused on the lesson
planning phase, rather than the interactive phase of teaching.

Among the studies that focused on the interactive phase of teaching, another
emerging issue was the diversity around how teacher actions in the classroom were
analysed to determine teachers’ PCK. Some researchers focused on the strategies the
teachers enacted in the lessons. For example, Roth et al. (2011) analysed how teachers
made use of student thinking strategies and science content storyline strategies to
determine their PCK. Others focused on teachers’ specific actions during teacher–
student interactions. Lucero et al. (2017), for example, examined whether and how
teachers responded to students’ alternative conceptions ‘on the fly’ once they became
apparent in real-time classroom interactions. Others constructed lesson observation
protocols, but did not make explicit how each of the observed actions is related
to a particular PCK component or components (e.g., Marshall et al., 2016). The
pedagogical moves related to a particular PCK component or components seemed
to be very different for different researchers. More problematically, some articles
did not provide sufficient details on how they sought evidence of teacher actions in
their coding as evidence for teachers’ PCK. It is quite striking to find that only four
PCK studies (Barendsen & Henze, 2017; Gess-Newsome et al., 2017; Lucero et al.,
2017; Roth et al., 2011) designed specific instruments to capture both variants of
PCK separately, i.e., what a teacher knows and the PCK manifested in the teacher’s
actions in the classroom. Interestingly, we noted that some studies (e.g., Förtsch et al.,
2016; Luft, 2009) used the PCK lens to investigate the science teachers’ knowledge
(i.e., what the teachers knew), but did not analyse how teachers’ PCK was translated
into their teaching actions (i.e., what the teachers did). These researchers chose to
use other theoretical constructs, such as cognitive activation (Förtsch et al., 2016)
and lesson observation protocols (Luft, 2009), to characterise the teachers’ teaching
practices. These decisions may reflect that what PCK looks like ‘in practice’ (i.e.,
teaching acts) remains underspecified in the science education field.

Finally, and disconcertingly, all of the existing studies that involved a large sample
size (i.e., >50) (Appendix, Tables 1.8 and 1.9) relied on a single PCK test or a single
interview to determine teachers’ PCK (i.e., Approach 1). Clearly, this approach can
only measure part of a teacher’s PCK. There is no guarantee that the knowledge
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represented in these tests and interviews will be applied to teaching tasks or accessed
in the teaching practices in the classroom. Yet, there is a lack of a valid instrument
for the large-scale assessment of teachers’ ability to apply their knowledge in real
classroom situations. In this regard, we can learn from our mathematics education
counterparts, where various video-based instruments have been validated and used
to investigate the nature and structure of teachers’ professional knowledge on a large
scale (e.g., Kersting, 2008; Kersting et al., 2016; Knievel, Lindmeier, & Heinze,
2015; König et al., 2014). Video clips taken from authentic classrooms are used in
video-based instruments to roughly approximate real classroom situations. Video-
based instruments, hence, allow researchers to investigate how teachers apply their
knowledge in a context that is closer to the real classroom situations and actual
teaching performance than paper and pencil tests. They are also less labour-intensive
to administer than classroom observations. More initiatives are needed to develop
similar instruments for investigating science teachers’ PCK that are appropriate for
large-scale studies.

Summary To summarise this section, we identified diverse ways of determining
science teachers’ PCK and categorised them into groups that reflect the forms of PCK
(i.e., knowledge, enacted knowledge, knowledge in practice, pedagogical reasoning)
and the phases of the teaching cycle under investigation. Several issues emerged
from this analysis. First, few studies explicitly stated the forms of PCK that were
investigated. Second, seldom did the studies clearly state/identify the PCK related to
each phase of the teaching cycle. Third, researchers seemed to have different ideas
about what PCK looks like in practice (i.e., teaching acts during the interactive phase
of teaching). Finally, it became apparent that most large-scale studies relied on self-
reports to determine science teachers’ PCK, thus exposing a lack of valid instruments
that would enable large-scale investigations of other forms of science teachers’ PCK
more closely related to classroom situations.

Conclusion

This chapter reviewed 99 published articles to provide an overview of the PCK
research in the field of science education. Despite some limitations in the scope of
the review, including the use of peer-reviewed journals in English, the timespan and
the focus on individual science teachers’ PCK, it nonetheless offers comprehensive
coverage of 99 articles (involvingmore than 200PCK researchers) published inmajor
journals in the field of science and teacher education. Thus, it seems reasonable to
assert that we have been able to capture how the PCK concept is currently being
used, interpreted and investigated in science education communities.
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The review synthesised and organised the studies into groups related to their
research context, the major purposes of the research, the conceptualisation of PCK,
the types of data sources used in the investigation and the approaches for determin-
ing teachers’ PCK. In so doing, this chapter contributes to the field in two major
ways. First, the analysis provides evidence that the CM that emerged from the first
PCK Summit in 2012 captured some points of convergence in thinking around the
PCK concept within the field. However, it also revealed some points of divergence in
thinking around the PCK concept that were not fully addressed in the CM. Second,
our new ways of organising and clustering the studies based on their approaches
to investigating PCK not only make explicit the various methods for investigating
science teacher’s PCK, but also reveal how the different approaches allow the inves-
tigation of different forms of PCK (see Fig. 1.1). Collectively, the exercise brought
to light several issues and knowledge gaps within the current literature related to the
investigation of science teachers’ PCK. Several noteworthy findings are highlighted
as follows.

Issues concerning the conceptualisation and operationalisation of PCK:

• Although all of the reviewed studies concerned PCK, the scope of the focal science
subject matter and how a ‘topic’ was defined varied considerably across different
studies.

• The diverse interpretations of the PCK concept led to the development of diverse
and often idiosyncratic terminology to describePCK/PCKcomponents.New terms
were introduced, and the meaning of existing terms shifted.

• The operationalisation of PCK components remained unclear in many of the PCK
studies.

• Although some studies made an explicit connection between their theoretical
framework and the CM, the connection was often cosmetic and superficial rather
than genuine and detailed, which may be an indication of the challenge of inte-
grating the CM into extant lines of work.

• The categorisation of teachers’ pedagogical moves and teaching acts as a rep-
resentation of science teachers’ PCK in action varied greatly between research
groups.

Issues concerning the investigation of PCK:

• A considerable number of studies relied on a single type of data source to inves-
tigate PCK, which allows investigation of limited aspects of a science teacher’s
PCK.

• Studies seldom made explicit the forms of PCK being investigated. This omission
makes the comparison between findings from different studies difficult. It speaks
to the potential of a consensus model that can better unpack the content and nature
of PCK, including its different forms and variants.

• Studies often generated a single profile of a science teacher’s PCK rather than
providing a finer distinction between the PCK associated with different phases of
the teaching cycle.
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Knowledge gaps within the science education field:

• Large-scale comparative studies on science teachers’ PCK across countries are yet
to come.

• Longitudinal studies of PCK development are lacking in the science education
field.

• Valid measurement instruments that would allow large-scale investigations of how
science teachers apply their PCK in authentic classroom contexts and situations
are lacking.

• Most studies focused on the planning phase of the teaching cycle, whereas very
few focused on the interactive phase of teaching that is most directly related to
students’ learning experiences in science.

This review clearly shows that science PCK researchers conceptualise and oper-
ationalise PCK differently. The diverse interpretations of the PCK concept lead to
the development of increased (often idiosyncratic) terminology to describe PCK and
multiple, non-aligned approaches of investigatingPCK in science education.As some
points of divergence in thinking around the PCK concept were not fully addressed in
the CM that emerged from the PCK Summit in 2012 (e.g., the PCK components, the
relationship between different forms of PCK), our review draws attention to the need
to further refine and update the CM (see Chap. 2). Although Shulman (2015) pointed
out that plural perspectives on PCK can be productive to the general field of PCK
research, we believe that in future studies, researchers should at least make explicit
their conceptualisation of PCK, the forms of PCK they investigate, the parts of the
teaching cycle they focus on and the data sources and approaches they use to collect
the data. Not until this explicit sharing occurs can PCK researchers build upon their
findings to generate a common understanding of research agendas and outcomes.
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Notes
1. The number of years of teaching experience (in general) of in-service teachers is

given in parentheses. ‘M’ denotes the mean number of teaching years of the teachers
in the study.

2. Grade level refers to the grades that the teachers taught or for which they were
certified. Teachers from grade 1 to 6 were labelled as primary teachers, whereas
those fromgrade 7 to 12were categorised as secondary teachers. Studies that involved
middle school teachers were categorised as investigating both primary and secondary
teachers. If the studies specified that the target participants weremiddle school teach-
ers, middle school was also included in the above table.

3. If teachers from more than two subject domains were included, the subject was
listed as ‘science’ or ‘science and non-science’.

4. The subject domain of primary teachers is not shown as primary teachers are
often generalists rather than subject specialists.

5. If more than two science topics were investigated in the study, the topics were
labelled as ‘multiple’.

6. If the topics under investigationwere not clearly listed, the topicwas categorised
as ‘not specified’.

7. Only teachers, not scientists, were included in the determination of the sample
size in Kirschner et al. (2016) and Schmelzing et al. (2013).

8. As Salloum and BouJaoude (2008) adopted purposeful sampling of chemistry
teachers, the subject domain was considered as ‘chemistry’.
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and nature of preservice chemistry teachers’ pedagogical content knowledge for nature of science.
Research in Science Education, 46(6), 831–855.
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Abstract This chapter chronicles the developmental journey of a model for teacher
pedagogical content knowledge (PCK) in science education, now identified as the
Refined Consensus Model (RCM) of PCK, that represents the contributions and
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collective thinking of two dozen international researchers in science teacher educa-
tion. This journey starts by recounting the process that led to an update and signif-
icant revisions to the model of teacher professional knowledge and skills including
PCK (informally known as the 2012 Consensus Model (CM)). Then, we unpack and
describe the different components of the model in both diagrammatic form and in
explanatory text. The RCM describes the complex layers of knowledge and experi-
ences that shape and inform teachers’ practice and mediate student outcomes. A key
feature of this model is the identification of three distinct realms of PCK—collec-
tive PCK, personal PCK, and enacted PCK. These realms are used to situate the
specialised professional knowledge held by different science educators in different
settings ranging from the collected knowledge understood by many to the unique
subset of knowledge an individual teacher draws upon. The model also recognises
that the broader professional knowledge bases are foundational to teacher PCKwhile
the learning context a teacher is working in can greatly influence the teaching and
learning that takes place.
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Introduction

In this chapter, we introduce a model for teacher pedagogical content knowledge
(PCK) that represents the contributions and collective thinking of two dozen interna-
tional researchers in science teacher education. We begin by chronicling the process
that led to an update and significant revisions to the model of teacher professional
knowledge and skills including PCK that came to be known informally as the “2012
ConsensusModel (CM)” (Berry, Friedrichsen, & Loughran (Eds.), 2015). Figure 2.1
shows the graphic of the model developed during the PCK Summit in 2012 and later
published in the edited volume above (see Chap. 3 by Gess-Newsome, p. 31). A
second contribution was the definition of PCK as “the knowledge of, reasoning
behind, and planning for teaching a particular topic in a particular way for a partic-
ular purpose to particular students for enhanced student outcomes” (Gess-Newsome,
2015, p. 36). As researchers worked with that model, their understanding of its affor-
dances and limitations became clearer. In December 2016, a second (2nd) Summit
was convened that included participants in science teacher education research from
the first (1st) Summit1, as well as additional science PCK researchers from around
the world. The purpose of the 2nd PCK Summit was to share instruments and tools
for measuring PCK, the resulting data, and assess the alignment of people’s work
with the 2012 CM. In the process of doing this, we discovered what was and was not
working with the extant model.
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Fig. 2.1 A model of teacher professional knowledge and skills including PCK created in 2012 at
the 1st PCK Summit, Colorado Springs, USA (referred to as the 2012 Consensus Model (CM))
(Gess-Newsome, 2015, page 31)

The science PCK researchers present at the 2nd PCK Summit noted that one of
the key limitations of the 2012 CM was the minimal detail about PCK in the model
itself. More specifically, the 2012 CM is in fact an illustration of teacher professional
knowledge and skills, which includes situating PCK and the influences of PCK on
classroom practice and student outcomes in that bigger picture (see Fig. 2.1). In
particular, the “classroom practice” box positions a teacher’s personal PCK in the
context of other professional knowledge bases and acknowledges how those bases
and other contextual information influence classroom practice. More explicitly, the
2012CMarticulated two elaborations that differed frompriormodels: (1) the addition
of teaching practice (skills) to the definition of PCK, indicating that PCK is dynamic
and encompasses more than static knowledge, and (2) the idea that personal PCK and
skills (PCK&S) could and should be articulated separately from the more canonical
topic-specific professional knowledge (TSPK).

One trade-off of situating PCK in a larger picture of professional knowledge
and skills, however, was that the PCK component of the model was underspeci-
fied, meaning the model did not do enough to unpack and represent the variables,
layers, and complexities of PCK. While the 2012 CM differentiated between TSPK
and personal PCK&S, the distinction in terms of PCK was not sufficiently clear
and researchers struggled with the specifics, such as where to put knowledge about
instructional strategies. Was that PK or TSPK or personal PCK&S?When and under
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which conditions? As the 2nd PCKSummit attendees came to termswith this realisa-
tion, they started to articulate what needed to be specified so that a consensus model
of PCK was more useful for guiding a wide variety of research studies that might
develop a deeper understanding of teachers’ PCK in science and the implications for
teacher education, curriculum, and policy.

By building from the previous 2012 CM, as well as other frameworks such as
Shulman (1986) and the Magnussen model (Magnussen, Krajcik, & Borko, 1999),
we developed the Refined Consensus Model (RCM) of PCK in 2017. One aim was
to provide researchers with a means to situate studies of student science learning in
relationship to PCK by focusing on teachers and classrooms. Another aim was to
provide science teacher educators a means to situate theories about the development
of teacher PCK through formal education, in-service professional learning, and first-
hand teaching experiences. Consequently, the RCM takes a practitioner perspective
with enacted PCK at the centre. In addition, the conversations at the 2nd PCK
Summit began to shift in purpose from driving consensus of a definition for PCK
to a visualisation of where to situate science teacher education research studies and
how to shape science teacher education and professional learning programmes. This
shift created the need to refine and clearly articulate nuances among different types
of PCK and the relationship among these types of PCK, as well as other types of
knowledge, so that a broad range of studies could be considered. Therefore, it was
time to reconceptualise the model and how to represent the group’s updated thinking
about PCK in the context of science teacher education.

Process of Model Development

Towards the end of the 2nd PCKSummit, a small working group sketched the group’s
ideas for a revision of the CM on awhiteboard, as shown in Fig. 2.2. In this version of
the model, we sought to add greater specificity by addressing the role of grain sizes
of science PCK (e.g. discipline, topic, concept); showing how PCK develops dynam-
ically for individuals through feedback loops between experiences in the classroom
and professional contributions; elaborating on the concept of PCK in practice as
teachers’ application of PCK during the pedagogical reasoning cycles of instruction
(planning, enacting, reflecting); and by contextualising this practice of PCK within
the larger context of a teacher’s personal PCK and the greater collective of science
PCK knowledge held beyond an individual. While this updated model highlights
various aspects of PCK, the group did not see it as a replacement of other models
such as the Magnussen model or the 2012 CM. Rather, the resulting RCM described
in this chapter builds on these frameworks and incorporates new ideas to elaborate
and clarify the 2012 model for science teacher education research.

By the end of the 2nd Summit, participants recognised that the newly emerging
PCKmodelwould need further articulation of the components and an improvedvisual
representation. As such, Kirsten Daehler and Janet Carlson (functioning as a small
subcommittee and principal authors of this chapter) agreed to help the group progress



82 J. Carlson et al.

Fig. 2.2 Draft representation of the Revised Consensus Model of PCK generated during the 2nd
Summit

by working with a graphic artist and drafting descriptive text, with the understanding
that the intended outcome was an updated consensus model incorporating ideas that
emerged from the 2nd PCKSummit. In subsequentweeks, this subcommitteeworked
in tandem with a graphic artist, who interviewed them about what was important to
represent in the updated PCK model and then drafted various diagrams (e.g., box
and arrows, concentric circles) to determine the best representation to convey the
ideas that emerged in the 2nd Summit. This process involved multiple iterations and
revisions, fromwhichwechose concentric circles representation, as it seemed the best
model to convey the complexity of relationships among PCK elements, especially
the way in which an individual teacher’s PCK in science was dependent on other
larger bodies of knowledge alongwith specialised knowledge gained from classroom
experiences.2 By placing teachers and students at the centre of the concentric circles,
the representation elevates the lens of the practitioner and reflects the field’s attention
to the act of science teaching within a particular classroom (Berry et al., 2016). It also
reinforces the value of research on teachers’ pedagogical reasoning and the dynamic
nature of enacted PCK or PCK in action.

Several months later, the draft model and descriptive text were shared electron-
ically with all participants from the 2nd PCK Summit, who provided comments
and editorial suggestions. A few weeks later, Carlson and Daehler presented the
draft model and its evolution in a session at the National Association of Research in
Science Teaching (NARST) Conference in March 2017 with participants from both
the 1st and 2nd Summits attending. To allow for further discussion about what was,

2While the whiteboard sketch in Fig. 2.2 is visually different from the resulting RCM shown with
concentric circles in Fig. 2.3, after iterative feedback and discussion second Summit participants
generally embrace the revised consensus model and agree that it represents discussions we had
about the nature of PCK at the 2nd Summit.
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and was not, working about this draft of the model, more than a dozen science PCK
researchers met for a follow-up discussion during NARST. In addition, the subcom-
mittee reached out to other PCK researchers who attended the 1st Summit, to invite
their feedback. Ideas from these combined discussions and feedback sessions were
then taken into account as the subcommittee again revised the images and refined the
text, with more than a half dozen additional iterations. The revised text and images
were again shared electronically with the broader science education community of
participants from both PCK Summits and later revised to best incorporate partici-
pants’ comments. Carlson presented this revision at the 2017 European Association
of Science Education (ESERA) Conference in Dublin, Ireland. After this confer-
ence, there was an additional comment period in which others interested in PCK
could weigh in on the text and visual representation. This chapter represents our
synthesis of the feedback received in writing, in discussion, and as questions after
each presentation. While it remains a less-than-perfect model (as all models are), the
updated RCM of PCK reflects our current and best representation and description of
the group’s collective ideas about teachers’ PCK in science education at this moment
in time, as described in the following sections of this chapter.

Overview of the Refined Consensus Model (RCM) of PCK

The RCM of PCK is centred around the practice of science teaching. The model
describes the complex layers of knowledge and experiences that shape and inform
teachers’ science practice throughout their professional journey and, in turn, mediate
student outcomes. A key feature of this model is the identification of three distinct
realms of PCK—collective PCK (cPCK), personal PCK (pPCK), and enacted PCK
(ePCK)—which describe the specialised professional knowledge held by multiple
educators in a field, to the personalised professional knowledge held by an individual
teacher in science, and the unique subset of knowledge that a teacher draws on to
engage in pedagogical reasoning during the planning of, teaching of, and reflecting
on a lesson. Inherent in the development of these layers of PCK are the contributions
of teachers, students, peers, and others. At the same time, a teacher’s knowledge
and skills are utilised throughout practice in ways that mediate student outcomes,
as shown in Fig. 2.3. The model recognises that the broader professional knowledge
bases (e.g. content knowledge, pedagogical knowledge) are foundational to teacher
PCK in science and the learning context (e.g. federal and school policies, community
values, and student attributes) influences the teaching and learning that takes place.

Throughout a science teacher’s professional journey, a two-way knowledge
exchange takes place between the various concentric circles in the model. The
knowledge and skills a teacher possesses from each realm are filtered and amplified
in ways that shape a teacher’s personal PCK (pPCK) in science over time. Teacher
attitudes and beliefs about students, the nature of science content knowledge, or the
role of the teacher are examples of beliefs and attitudes that can amplify and/or filter
how a teacher develops pPCK for science teaching.
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Fig. 2.3 Representation of the Refined Consensus Model (RCM) of PCK resulting from conversa-
tions at the 2nd PCK Summit, along with feedback sessions at NARST and ESERA 2017 and via
electronic exchanges

Knowledge exchanges also take place when a teacher makes instructional choices
related to teaching particular content to particular students in a particular context,
again moderated by the teacher’s own amplifiers and filters that inform the specific
professional knowledge utilised in the practice of teaching known as enacted PCK
(ePCK). Similarly, experiences gained from the practice of science teaching provide
feedback that further develops and shapes a teacher’s pPCK in science. An indi-
vidual teacher, through conversation and sharing, can then contribute to the collec-
tive PCK (cPCK) in science constructed by a group of teachers or add more broadly
to the field’s collective canonical knowledge by participating in a science education
research project or an organised professional learning community, which ultimately
may inform the broader professional knowledge bases (e.g. knowledge of students,
curricular knowledge). This flow of knowledge and skills, in and out and through the
concentric circles, is another key component of the RCM.

Components of the Refined Consensus Model (RCM) of PCK

The following is a description of the RCM, its components, and their interactions,
beginning with the interior circle that focuses on the action of science teaching
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and working outward through the concentric circles. We begin with the teacher and
students in that teacher’s class to reflect the conversations we had at the 2nd PCK
Summit about how science PCK develops within each teacher and is influenced by
many factors including other humans and the environment.

Enacted PCK (ePCK)

When engaging in the practice of science teaching—whether planning instruction,
carrying out that plan, or reflecting on instruction and student outcomes—a teacher
utilises enacted PCK (ePCK), as shown in Fig. 2.4. This ePCK is the specific knowl-
edge and skills utilised by an individual teacher in a particular setting, with a
particular student or group of students , with a goal for those students to
learn a particular concept, collection of concepts, or a particular aspect of the disci-
pline. It is important to note that enactment in this model not only applies to the
knowledge of and reasoning behind the act of teaching when interacting directly
with students (reflection in action), but also to the acts of planning instruction and
reflecting on instruction and student outcomes (reflection on action).

The centre circle of themodel acknowledges that the pedagogical cycle of teaching
is dynamic and the pedagogical reasoning that takes place during all aspects of
teaching is unique to each teacher and every teaching moment. A teacher’s ePCK
for any given teaching moment reflects the context of the school, the classroom,
and each individual student interacting with the teacher and the teacher’s particular
understanding of the science subject matter as well as his/her pedagogical knowledge
and skills.

Fig. 2.4 Enacted PCK
(ePCK): the interior circle of
the model representing the
specific knowledge and skills
utilised by a teacher in a
particular setting to achieve
particular student outcomes



86 J. Carlson et al.

This conceptionof ePCKmirrors key ideas articulatedduring the 1st PCKSummit,
particularly the description of “personal PCK” in science teaching as “the knowl-
edge 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”.
Furthermore, “skills” was included in the 1st Summit consensus definition acknowl-
edging that “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.”
(Gess-Newsome, 2015, p. 36).

The role of student outcomes in teachers’ PCK in science is important from both a
practice and research perspective. Student outcomes are one way of determining the
effectiveness of a teacher’s instruction; therefore, one way to assess the usefulness of
a construct, such as PCK, is to determine if that construct predicts student learning
outcomes. The student icons in the inside circle represent both the students the
teacher is interacting with and the outcomes of those interactions.

A key feature of ePCK is the way a teacher’s actions draw on his/her knowledge
to meet the unique needs of students in the classroom during a given instructional
period. These actions involve the teacher pulling from his/her range of knowledge
and practice bases to achieve a particular instructional goal. To provide meaningful
instruction in away that all students have access to learnwhat is being taught, a teacher
needs to have the time to plan, teach, and reflect on all these components on a regular
basis. Ideally, this aspect of pedagogical reasoning is done byworkingwith others for
planning, co-teaching, and/or reflecting on the evidence of learning. As teachersmeet
the needs of the learners in their classroom, they are employingpedagogical reasoning
in the act of teaching that draws froma larger shared understanding. Thismeans ePCK
is visible in the teacher’s expression of knowledge, choice of instructional strategies
and representations, articulation of rationale for specific pedagogical moves, and the
integration of multiple factors in pedagogical reasoning (e.g., knowledge of students,
curricular saliency, assessment knowledge).

As researchers study ePCK in science teaching, there aremany aspects to consider
for framing their work. For example, one could study how teachers plan, reflect,
or teach a particular topic; or one could study how all the parts of the cycle are
employed by a teacher. Looking at ePCK with another lens, one might decide to
examine how teachers choose their instructional strategies for particular topics, what
they understand about student prior science conceptions or learning difficulties, or
the role that curriculum resources play in teachers’ planning as well as their teaching
of specific lessons and units.

Since ePCK is so specific to a particular science teaching episode, it is not a
complete representation of the range of a given teacher’s PCK. The 2nd Summit
participants situated ePCK as a subset of a teacher’s personal PCK (pPCK), as
described in the following section.
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Personal PCK (pPCK)

A teacher’s pPCK is the cumulative and dynamic pedagogical content knowledge
and skills of an individual teacher that reflects the teacher’s own teaching and
learning experiences, along with the contributions of others , such as teaching
colleagues, educational researchers, scientists, and other content specialists in the
form of professional exchanges, journal articles, social media, coursework, and
professional learning experiences, as well as contributions from all students the
teacher has ever taught, as shown in Fig. 2.5.

This pPCK serves as a reservoir of knowledge and skills that the teacher can draw
upon during the practice of teaching. As aspects of the larger realm of pPCK are
accessed and utilised, it becomes ePCK. In other words, ePCK is a subset of pPCK.
More specifically, when responding to a particular instructional situation, teachers
cannot possibly use all of the information and skills that reside in their knowledge
banks, nor will teachers employ their entire repertoire of pedagogical moves in any
given teaching moment. Rather, a teacher will use what makes sense for particular
learners in a particular context, based on their prior experiences, along with collegial
advice, educational preparation, and input from students. This interplay between
teachers’ pPCK in science, their reasoning, their ePCK, and how teachers respond
to students, as well as what students learn, is at the centre of many PCK research
projects in science teacher education.

In the RCM, the knowledge exchange between ePCK and pPCK operates in
both directions—the insight a teacher takes away from each interaction with students
further informs the teacher’s pPCK, and the ePCK a teacher brings into practice for
a specific science learning moment depends on the teacher’s specific knowledge and

Fig. 2.5 Personal PCK
(pPCK): a teacher’s personal
knowledge and unique
expertise about teaching a
given subject area, resulting
from the cumulative
experiences with and
contributions from students,
peers, and others
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skill, which is amplified and filtered through pedagogical reasoning. As such, pPCK
is both informed by and informs ePCK. Similarly, pPCK in teaching science is both
informed by and can inform the learning context in which a teacher operates.

A teacher’s pPCK in teaching science is developed, shaped, and refined over time
through formal education, teaching experiences, and professional sharing. The result
is a specialised knowledge and set of skills for teaching particular science topics for
particular students in particular learning contexts. Given that every teacher has varied
educational experiences and classroom interactions, it follows that pPCK is unique
to each individual. While some teachers might have significant overlaps among their
pPCK profiles, especially if they have participated in similar teacher preparation
programmes or co-taught the same group of students, the pPCK for each teacher
would necessarily be different. Even teachers with similar experiences will have
differing attitudes and beliefs that serve to amplify and/or filter what each teacher
brings to and takes away from an experience, thus contributing to teachers’ varied
pPCK.

During the 1st PCK Summit, the participants distinguished PCK as a person-
alised knowledge and skill set held by individual teachers, while other knowledge
bases were considered external and public (see Gess-Newsome, 2015, page 36 for
elaboration). As the participants attending the 2nd Summit began to specify PCK
in more detail, we began to see a continuum from privately held PCK to publicly
shared PCK with ePCK being the most private and pPCK having some aspects that
are relatively private or individual and other aspects that are more likely to be shared
knowledge with colleagues. As is evident in the sections above, the RCM takes ideas
from the 2012 CM version of personal PCK&S and incorporates them in both pPCK
and ePCK as part of the work to better specify key ideas from that earlier model.

Learning Context

Science learning always takes place in a context—a space and time that is defined
by a multitude of factors, such as the broader educational climate (e.g. federal
policy, ministry requirements, national standards), a specific learning environment
(e.g. school, classroom), and individual student attributes (e.g. language proficiency,
disposition, developmental readiness). In this model, the learning context is repre-
sented by a circle lying between the teacher knowledge and practice at the personal
level and the broader PCK and knowledge bases that represent what others beyond
the individual know and do. Figure 2.6 adds the learning context circle as the next
ring in the model’s sequence of concentric circles to symbolically situate science
teaching and learning in space and time—a context that serves to both amplify and
filter each teacher’s knowledge and skills and to mediate teachers’ actions. This
circle also telegraphs how essential it is for teachers to have a deep knowledge of the
learning context in which they teach, including knowledge of contexts that are both
distal and more proximal to their students.
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Fig. 2.6 Learning context: a
multitude of factors that
define and mediate learning,
including everything from
the broader educational
climate to individual student
attributes

Another factor that influences teachers’ actions and affects student outcomes is
the actual classroom environment in which student learning takes place, whether
in a traditional school with a classroom full of students, as part of an afterschool
programmewith an individual learner, at a museumwith a small group of students, or
any other formal or informal learning environment. In this case, the term “classroom”
is used metaphorically and is not limited to science learning that takes place in a
physical classroom space inside a school. It can refer to the myriad of other factors
that set the context for learning, such as the nature of teacher–student interactions,
intended learning outcomes, curricular materials used, and group norms or dynamics
among learners.

From the lens of PCK, student attributes are perhaps the most important aspect of
the learning context, including factors such as students’ age, grade level, prior expe-
riences, dispositions, developmental readiness, language proficiency, and cultural
beliefs. A skilled teacher recognises the value in knowing the attributes of each
student and draws on this knowledge to facilitate learning. Knowledge of students
therefore has a great influence on a teacher’s pedagogical reasoning and their cycle
of planning, teaching, and reflecting. The processes of attending to student attributes
in both reasoning and instruction can richly inform a teacher’s decisions in response
to individual students, such as during a discussion or in comments on written
assignments.

While the learning context serves as an amplifier and a filter that may inform an
individual teacher’s PCK, it is also what separates a teacher’s private or pPCK from
the more public or collective PCK (cPCK), as described in the following section.
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Collective PCK (cPCK)

This form of PCK is an amalgam of multiple science educators’ contributions ,
including the teacher’s own contributions and those from the combined profes-
sional knowledge bases and varied teaching experiences within a given subject
matter as understood and documented by multiple people. The resulting cPCK is
a specialised knowledge base for science teaching that has been articulated and is
shared among a group of professionals, which is related to teaching that particular
subject matter knowledge to particular students in a particular learning context. Most
importantly, this knowledge can be shared and articulated in ways that encourage
conversations among researchers, teachers, and other education professionals. This
cPCK is the realm of PCK that has been in the literature since Lee Shulman’s
presidential address to the American Education Research Association (AERA) in
1986.

In other words, cPCK encompasses the knowledge that more than one person
possesses, meaning knowledge that is not private, but rather knowledge that is public
and held collectively. While this public knowledge is often what is documented
in academic circles (e.g. in the form of published research articles and confer-
ence presentations), participants at the 2nd Summit acknowledged that teacher PCK
also includes knowledge articulated and used by any group of educators and/or
researchers. For example, the knowledge expressed in a Content Representation
(CoRe) put together by a group describes some of their collective knowledge. While
cPCK often builds from what is known from research (i.e., canonical PCK), cPCK
represents a continuum of knowledge held by a group that extends beyond what is
in the literature and recognises that knowledge about science teaching is also devel-
oped within school districts, school sites, departments, grade-level teacher teams,
and professional learning communities (i.e., local collective PCK). Alternately, it is
also worth considering the more situated knowledge that may go unrecognised in the
local way of doing things. For example, when a team of teachers develops a shared
teaching sequence this tacit knowledge also represents cPCK and may be one of the
main drivers for professional learning in that school setting.

This specialised knowledge in science teaching can range in grain size from
discipline-specific to topic-specific to concept-specific PCK, as shown in Fig. 2.7.
While various research teams may have different definitions of these terms, what
is important to note is that content knowledge used within cPCK can be specified
along a continuum of broad to narrow ideas. To illustrate how ideas might fall on a
continuum of PCK, consider these examples:

• Knowledge of effective ways to introduce young children to scientific argumen-
tation (discipline-specific PCK)

• Knowledge of typical prior conceptions held by secondary students about
photosynthesis (topic-specific PCK)

• Knowledge of strategies to help middle-grade students understand the concept
that matter is neither created or destroyed (concept-specific PCK).
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Fig. 2.7 Collective PCK
(cPCK): the knowledge held
by a group of people and
considered generalisable to
some degree, which is why
this layer is situated after the
learning context layer

It is important to note that while the grain size of specialised content is shown in
only the cPCK realm, this notion is relevant to all other aspects of PCK, including
a teacher’s pPCK and ePCK. For reasons of readability and space limitations, the
discipline–topic–concept notation is omitted from the inner circles of the diagram.

As historically defined, teacher PCK in teaching science stems from the intersec-
tion of content knowledge and other professional knowledge bases (e.g. pedagogical
knowledge and knowledge of students). In the next section, we describe how those
knowledge bases relate to the realms of PCK described in the model so far.

Professional Knowledge Bases

The outermost layer of the model represents different aspects of a teacher’s
broader professional knowledge bases including science content knowledge, peda-
gogical knowledge, knowledge of students, curricular knowledge, and assessment
knowledge, as shown in Fig. 2.8.

Content knowledge describes the academic content of a given discipline (e.g. earth
science, biology, chemistry, or physics). This expertise includes having discipline-
specific knowledge and skills, such as an understanding of the nature of science
and how to write scientific explanations, along with an understanding of a given
domainwithin the discipline, and the relationship among domains, alongwith related
topics and concepts within a domain. Often, but not always, teachers obtain their
content knowledge in classes or settings separate from learning about how to teach
the content. It is also the case, especially in science, that teachers may be asked
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Fig. 2.8 Professional knowledge bases: these knowledge bases (e.g. pedagogical knowledge,
knowledge of students) are essential foundations for teachers to become experts. Without these
knowledge bases, teachers’ PCK is quite limited

to teach a subject they have not formally studied, thus requiring them to learn this
content in a self-directed or informal way.

In addition to content knowledge, there are a number of knowledge bases that
define what it means to teach. Teachers need to understand the developmental readi-
ness of their students, the nature of curriculum, the nature of different types of
assessment, and a range of pedagogical skills and strategies that enable them to reach
each student effectively. This educational knowledge is generic and not connected
to a specific discipline. For example, curricular knowledge might include knowing
how to sequence lessons to develop student conceptual understanding, while general
pedagogical knowledge may include knowing how to set up the classroom and
use strategies to engage students in collaborative learning or to support the needs
of second-language learners. These knowledge bases are often developed through
more formal routes, such as teacher preparation programmes, and then strengthened
through teaching experiences and professional learning activities.
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Implications of Updating a Model

Given that it has only been five years since the development of the 2012 CM and two
years from the publication of the book on the topic, some might argue it is too soon
to update a consensus model because people are just beginning to use it in their work.
Yet, a dedicated and diverse group of researchers in science teacher education found
enough limitations with the 2012 model that an update was the prudent response.
While we do not presume the RCM to be a perfect model or even a true consensus
model, we think it takes the thinking about PCK further and could be a useful tool for
researchers who study PCK, including those who conduct research in other domains.

This model visually connects more static knowledge to the dynamic enactment of
PCK, which provides opportunities for situating research studies of PCK in different
realms in the model and helps to identify elements to study. It is important to note
that this model does not specify the mechanisms and pathways by which teachers
strengthen their PCK for teaching science, change their teaching, or connect various
knowledge bases. Neither does the model assert a specific relationship between
teachers’ actions and student learning. By identifying three realms of PCK and the
relationship to other knowledge bases, PCK researchers can place their studies in the
most appropriate realm and begin to define mechanisms and pathways.

This model also addresses the conflict inherent in the question “Is PCK general
or individual?” by proposing relationships among those “categories”. From these
proposed relationships, one can generate hypotheses about relationships that can be
studied. The model also offers a way to think about how to support teacher develop-
ment over a career trajectory from preservice to expert leadership by considering the
role of experience, students, and colleagues in the development of PCK for teaching
science at the individual level.

There is work to be done connecting this model to other models that define other
aspects of PCK that are not explicitly articulated in this model. For example, one
might argue that the Magnusson et al. (1999), and variations of it, 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.

Researchers and practitioners from around the world contributed to this model.
As such, it is intended to withstand scrutiny in different countries, be relevant across
different policy environments, be useful for different research paradigms, and inform
a wide range of teacher preparation and professional learning programmes both in
science and potentially other domains. Now, it is time to test the model.
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Chapter 3
Vignettes Illustrating Practitioners’
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Abstract The goal of this chapter is to provide examples of how the Refined
Consensus Model (RCM) of pedagogical content knowledge (PCK) in science
teacher education research moves from an abstract visualisation to a tool used by
researchers and educators alike. The chapter offers a collection of short vignettes
from a variety of settings and perspectives, each of which brings the RCM to life,
either by illustrating ways the model is being used in science teacher education or
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by situating studies and PCK instruments within the layers of the model. The first
and second vignettes provide a pre-service perspective, yet from distinctly different
learning contexts and science teacher educator experiences in Australia and theUSA.
The third vignette shares insights into the use of the RCM during a teacher profes-
sional learning course presented to teachers in Russia, while the fourth and fifth
vignettes offer a researcher lens with examples from large-scale science PCK studies
conducted in Germany and the USA. Each vignette follows a similar structure and
includes these three parts:

• Context: A description of the setting (e.g., pre-service, professional learning,
research), participants, and goals of the research or the teacher education
programme

• Connections to the model: A description of how the RCM informed(s) the work
or the application

• Reflections: A discussion of the implications of the model for the work and/or
how the model was received and/or how it may shape future work.

As with any model, the true test of its power lies in its utility. Only by employing
the RCM in a host of settings—to situate research questions, plan and conduct
studies, develop explanations about findings, design education programmes, explore
the mechanisms of PCK development, and reflect on teaching and learning—will we
come to understand the benefits and limitations of the model. We look forward to
learning from each other as we put this RCM of PCK to the test.

Describing the Possibilities Presented by the Refined
Consensus Model for Pre-service Science Teacher Education

Rebecca Cooper and Karen Marangio

Context

At Monash University in Australia, our General Science Education method units for
pre-service teachers span a full year (two 12-week semesters) and are always team-
taught. Each unit consists of nine weeks of courseworkmade up of a one-hour lecture
and a two-hour workshop per week, along with a three-week placement in schools
each semester. We often run two classes of this unit as we usually have around 50
pre-service teachers each year. For over a decade, we (the authors) have taught the
General Science Educationmethod units andwe have constantly looked to reimagine
these units to incorporate new materials and approaches.

R. Cooper · K. Marangio
Clayton, Australia
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In recent years, we have paid considerable attention to pre-service teachers devel-
oping ideas about pedagogy. We favour the work of Morine-Dershimer and Kent
(1999) and introduce their model of pedagogical knowledge (PK) at the very begin-
ning of the unit as it is an accessible way for pre-service teachers to explore the
ideas of learning, teaching, and pedagogy for science. Morine-Dershimer and Kent’s
(1999) model of PK promotes the interplay between the internal dimensions of being
a science teacher (such as personal beliefs and perceptions of science and science
education) and external dimensions (such as teaching practice, building relation-
ships with students), with reflection as a central facet. Later in the course, we intro-
duce pedagogical content knowledge (PCK) after our student teachers have had the
opportunity to develop a unit of work around a specific topic and have implemented
their unit in a classroom. This strategy provides pre-service teachers with an actual
teaching experience thus better equipping them to work with the important, but
sometimes overwhelming, idea of PCK.

Our intention is to provide a challenge towhat pre-service teachers view as science
from the very start of our unit and to help them to appreciate the influence of these
views on their teaching practice in science classrooms. Towards this end, we are
always looking to support our pre-service teachers’ growth as both learners and
teachers, with both science and teaching at the heart of what is being explored. For
instance, we see the nature of science (NOS) as influencing several of the facets of
Morine-Dershimer and Kent’s (1999) model. We make this influence explicit to our
pre-service teachers by articulating our pedagogy whenever possible and welcoming
our students to question our teaching practice. We also emphasise the links between
their notions of the NOS and the choices they/we make as a teacher (especially
through the beliefs facet). Additionally, we encourage them to talk and write about
ideas that surface related to the NOS and the development of their understanding of
PK.

As the year progresses, towards the end of our second unit, we shift to having
our pre-service teachers think about PCK.We do this shift after they have completed
two three-week placements in schools. We find that asking them to consider PCK,
which we view as, “… the knowledge of, reasoning behind, and enactment of the
teaching of particular topics in a particular way with particular students for particular
reasons for enhanced student outcomes” (Carlson, Stokes, Helms, Gess-Newsome,
& Gardner, 2015) is initially overwhelming and somewhat uncomfortable. We find
they cannot fully embrace the idea of PCK until they have observed and engaged
with some planning, teaching, assessment, and, most importantly, reflection. Thus,
we introduce PCK the week after our pre-service teachers return to university from
their second school placement. We use PCK as a way of reflecting on what they
have observed and experienced in terms of quality science learning and teaching.
We do this introduction through the use of Content Representations (CoRes) and
Pedagogical and Professional-experience Repertoires (PaP-eRs) (Loughran, Berry,
& Mulhall, 2012), where our pre-service teachers engage in creating a group CoRe
and completing a “writing on the reading” task involving two PaP-eRs, one written
by an experienced teacher and one written by a pre-service teacher. The pre-service
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teachers’ final assessment is to write their own PaP-eR based on a lesson they taught
while on the placement.

Connections to the Model

What the RCM offers us, and our students, is the ability to show a pathway of growth
and development of PCK over the course of a year and across the learning that takes
place in our units. By starting with the knowledge bases in the form of PK and later
moving to PCK through CoRes and PaP-eRs, the RCM offers a single model that
draws these ideas together and provides some clarity around the links between the
theory we offer in the coursework, the assessment opportunities, the professional
experience opportunities, connections with practicing teachers, and the need for
personal and public reflection. By making these links explicit, the links the model
provides help our students to make sense of all of these ideas and to consider what
it means for each individual pre-service teacher as they develop their professional
knowledge and skills throughout the course and into/during their career.

In our teacher education programme, we want to stimulate pre-service teachers’
thinking about ongoing professional learning and have them consider the notion
of expertise and what it takes to develop PCK throughout their careers. We also
want to get them away from the idea of their teaching career being the “one year of
experience many times over” and switch them to thinking more about what an expert
teacher does, but further, how they can develop their own expertise and what are the
significant components of this expertise. TheRCMprovides a framework for thinking
about the components of teacher knowledge and skill; monitoring their own growth
and development; supporting an individual in becoming a part of the collective;
and remaining focused on student learning. The model encourages teachers to move
between reflecting on more focused aspects within each component to exploring the
connected and complex relationships between these components in order to grasp
the bigger picture of what it truly means to be an expert science teacher.

Reimagining our units by making use of the RCM will allow us to use a single
model throughout the year. This change will offer consistency in the language we
use with our pre-service teachers, but also the consistency of language with teachers
in schools who mentor our pre-service teachers.

Reflections

In a previous year, just after we introduced PCK in one of our workshops, a pre-
service teacher raised her hand and said: “This all makes so much sense now! PCK
really pulls it altogether…why didn’t you tell us this sooner”.While therewere some
nods of agreement in the room, the astonished faces of other pre-service teachers
suggested this revelation was not the case for everyone. We see that the RCMmodel
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can provide us with a way to introduce ideas step by step in a way that supports and
guides our pre-service teachers’ induction into teaching as a profession. An extra
benefit is that it also brings in and positions PCK for those pre-service teachers who
benefit from seeing the bigger picture earlier in their professional pathway to help
make sense of what they are learning and how it all comes together.

One of the teachers we work with hosts nearly half of our pre-service teachers
during their school placement. This science teacher is experienced and incredibly
thoughtful. He commented to us during a reflection session at the end of the year,
“There was a black hole between the institutions that were giving us the students and
us; the school…I had no idea, beyond my own experiences at uni[versity] what was
happening at uni[versity], but now I know where you’re coming from, I know where
the students are coming from and I know what is being taught, it’s just a plus, plus,
plus and smashes down the gates”. We feel that the RCM could further support this
shared understanding between universities and schools about how we all contribute
to the development and growth of future science teachers. Of particular note is the
way the model values collective PCK (cPCK) as something that is public, shared
among a group of professionals, and encourages conversations among a range of
education professionals—in our case, schools and universities.

In summary, we see the RCM as offering many possible ways to enhance our
General Science Education method units, but also to consolidate and sustain our
relationship with a school to improve the learning of science pre-service teachers.

Illustrating Application of the Refined Consensus Model
of PCK: A Biology Methods Course

Patricia J. Friedrichsen

Context

Until a few years ago, at the University of Missouri, pre-service teachers seeking
certification in biology, chemistry, earth science, and physics enrolled in the same
set of three sequential middle/secondary science methods courses. These courses
emphasised science-specific PCK, rather than topic-specific. In 2015, due to pres-
sure to reduce course credits in our undergraduate programmes, we reduced the
sequence to two courses. Informed by my work as a PCK researcher, I sought out
discipline-specific experiences for the science education majors in place of the third
methods course. These experiences vary from discipline to discipline, depending
on the resources in each of the affiliated departments. In the physics department,
physics education students enrol in a course originally designed as a recruiting course

P. J. Friedrichsen
Columbia, USA
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to encourage physics majors to explore high school physics teaching careers. The
course focuses on exploring topics taught in the ninth-grade physics first course
offered at many high schools in the state. In the chemistry department, our educa-
tion majors are hired as teaching assistants for freshmen-level chemistry laboratory
sections. My previous appointment in the biology department and the larger enrol-
ment in biology education mean we are able to offer a biology methods course
specifically for pre-service teachers.

The overarching goal of this biology methods course is informed by the Gess-
Newsome (2015) model of teacher professional knowledge and skill, also referred
to as the Consensus Model, in that teachers can develop pedagogical content knowl-
edge and skills (PCK & S) through the study of topic-specific professional knowl-
edge. More specifically, the course aims to develop pre-service teachers’ topic-
specific PCK associated with the four life science disciplinary core ideas (DCIs)
presented in the national Next Generation Science Standards’ (NGSS) (NGSS Lead
States, 2013). In conjunction with this course, the pre-service teachers enrol in a
field practicum in a local middle school or high school biology classroom. As an
instructor of this biology methods course, I strive to develop a professional learning
community (PLC) among the pre-service teachers and myself. To do this, I draw
upon Kruse, Louis, and Bryk’s (1995) five essential features of PLCs—reflective
dialogue, de-privatisation of practice, a collective focus on student learning, collabo-
ration, and shared norms and values. Given that the majority of our graduates will be
participating in PLCs at their new schools, I find this approach makes sense during
their pre-service education and I want to prepare them for this highly collaborative
work.

Connections to the Model

The design of the biology methods course aligns well with the Refined Consensus
Model (RCM) of PCK. This model, with enacted PCK (ePCK) in the centre, was
intended to “elevate the lens of the practitioner and reflects the field’s attention to
the act of teaching within a particular classroom” (see Chap. 2 in this book). As the
pre-service teachers have limited opportunities to teach lessons at their practicum,
and hence, develop their ePCK, there aremany other aspects of PCK that are attended
to during the science methods courses. In this section, I describe the alignment of the
biology methods course with the RCM by starting with the outer rings of the model
and working inward (see Fig. 3.1).

The realm of collective PCK (cPCK), as a component of the RCM, alignswith and
informs my PLC-oriented approach to pre-service teacher education. In this model,
cPCK is not only represented in academic publications but can also be “knowledge
articulated and used by a group of educators and/or researchers” (see Chap. 2 in
this book). When our biology methods class studies each of the four NGSS life
science DCIs, we develop cPCK at both the discipline level and the topic level.
At the disciplinary level, we explore the NGSS crosscutting concepts (CCCs) and
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Fig. 3.1 Representation of the 2017 Refined Consensus Model (RCM) of pedagogical content
knowledge (PCK) used to evaluate alignment with the pre-service biology methods course

science and engineering practices (SEPs). As the class develops our cPCK, we draw
upon content knowledge and other professional knowledge bases (e.g., assessment
knowledge, curricular knowledge.) To enrich our cPCK, I invite experienced biology
teachers to share their curriculum related to a particularDCI.As a class,we also attend
the state-level conference of the National Science Teachers Association, another
reification of cPCK.

Learning context is the next inward layer of the RCM that applies to the biology
methods course. While the learning context varies throughout the course, it is always
heavily influenced by national reform documents, such as A Framework for K-12
Science Education (National Research Council [NRC], 2012) and NGSS, as our state
has adopted a closely aligned version ofNGSS. As our pre-service teachers do not yet
have their own classrooms, the biology methods classroom is their primary learning
context. When completing assignments, such as those described below, the learning
context is the pre-service teachers’ envisioned future classroom. The field practicum
serves as another learning context; however, it offers limited learning opportunities
for the pre-service teachers to teach. Each of these learning contexts, working syner-
gistically, facilitates the dynamic interaction between the group’s cPCK and each
teacher’s personal PCK (pPCK).
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Personal PCK is defined as the “cumulative and dynamic pedagogical content
knowledge and skills of an individual teacher that reflects the teacher’s own teaching
and learning experience, as well as the contributions of others, … including course-
work” (see Chap. 2 in this book, p. X). To develop their pPCK, our pre-service
teachers individually complete assignments in a digital notebook, OneNote, which
they can share with their instructor. For each of the NGSS DCIs, the pre-service
teachers complete the following set of assignments: (1) read, interpret, and summarise
the performance expectations and the related learning progression in the frame-
works (NRC, 2012); (2) research common misconceptions related to the DCI and
plan specific ways to challenge a subset of those misconceptions; (3) critique
several lessons from the NSTA NGSS Hub (http://ngss.nsta.org); (4) review topic-
specific assessments (e.g., Keeley & Eberle, 2005) and conceptual inventories (e.g.,
Anderson, Fisher, & Norman, 2002); and (5) review selected curriculum units,
both locally designed units and National Science Foundation-funded curriculum.
The nature of these assignments was informed by professional knowledge bases
represented by the outermost grey circle of the RCM (e.g., pedagogical knowledge,
knowledge of students), as well as the PCK components of the Magnusson, Krajcik,
and Borko PCK model (1999). The pre-service teachers’ pPCK is reified in their
individual digital notebooks.

Enacted PCK (ePCK), shown at the centre of the RCM, is represented in terms
of cycles of planning, teaching, and reflection. In the biology methods course, I
have participants plan a lesson, teach it to their peers, and reflect on the lesson.
When teaching the lessons, the pre-service teacher takes on the role of a profes-
sional developer or lead teacher who is sharing a lesson, instructional strategy, or
resource with our class PLC, and who then facilitates a follow-up discussion with
his/her peers. As one example of this strategy, during the fall of 2017, the pre-service
teachers participated in a citizen science project in which they observed plant and
animal behaviour during the solar eclipse. As a follow-up, each pre-service teacher
researched biology-related citizen science projects and selected one that he or she
might use with a future group of 6th–12th grade students. Pre-service teachers then
took turns presenting their selected project to our group, as if they were persuading
teachers in a hypothetical future PLC to have their students participate in the project.
As a biologymethods class PLC,we discussed the added value of each citizen science
project, along with cost, safety concerns, and implementation logistics. A primary
goal of this activity and others completed during the biology methods course is to
help the pre-service teachers become more comfortable sharing lessons and ideas
with their peer teachers in their future PLCs.

Reflections

The RCM builds upon past PCK models, particularly the Gess-Newsome (2015)
model and the Magnusson et al. (1999). Likewise, the design of the biology methods
course was influenced by this same set of PCK models. The Gess-Newsome model

http://ngss.nsta.org
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influenced my thinking about developing teacher’s personal PCK through studying
the professional knowledge bases. The Magnusson model influenced the design of
the digital notebook assignments focusing on commonmisconceptions, instructional
strategies, topic-specific assessments, and curricula. These aspects of the two earlier
models are represented in the RCM of PCK for science teacher education research.
While the Gess-Newsome model combined PCK & Skill, the RCMmakes a distinc-
tion between ePCK and pPCK, which I find useful. In the biology methods course,
more time is spent on developing pre-service teachers’ pPCK through the digital
notebook assignments. Through leading professional development sessions, the pre-
service teachers begin to develop ePCK. Another contribution of the RCM is the
inclusion of the knowledge developedwithin teachers’ professional learning commu-
nities as part of cPCK. The concept of cPCK has shaped our classroom norms for
the biology methods class. As I reflect on the design of this course, the following
research questions arise: in their future classrooms, in what ways will the current pre-
service teachers draw from the pPCK and cPCK they developed from this course?
And conversely, in what ways do their ePCK inform their existing pPCK? As begin-
ning teachers, in what ways do they feel empowered to contribute to their PLCs and
the development of cPCK in their PLC groups?

Using the Refined Consensus Model of PCK to Structure
a Professional Learning Experience

Janet Carlson and Nicole Lusiani Elliott

Context

This vignette describes the use of the Refined Consensus Model (RCM) of PCK for
teaching science during an introductory professional learning institute with experi-
enced teachers from different academic disciplines. The model was used to situate
and focus the goals of the learning experience, titled “Improving Instruction to
Promote Excellence for All”. Our premise for using the visual representation of
the model to situate different parts of the learning was to provide a means by which
the teachers could bridge theory and practice by seeing how the different activities we
did connected back to building their own PCK. Our plan included five days of onsite
instruction during the summer with follow-up work that had not yet been defined.

The learning goals of the summer institute were for the teachers to:

• Develop and deepen their understanding of pedagogical content knowledge (PCK)
and apply PCK as a framework for thinking about effective instruction

J. Carlson · N. L. Elliott
Stanford, USA
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• Deepen their understanding of students by applying the principles of how people
learn and considering the influence of rings of culture

• Deepen understanding of how to plan coherent lesson arcs to have more coherent
and articulated units of instruction

• Develop a general understanding of what core practices of teaching are and why
they are important

• Develop a deeper understanding of two core practices—conducting an academic
discussion and using formative assessment

• Build greater community that promotes a collegial atmosphere for planning
curriculum and strengthening instruction.

Wewere working with 25 middle and high school teachers of all disciplines based
in Moscow, Russia, who would be teaching gifted students to meet the standards of
both the Russian Federation and the International Baccalaureate curriculum. The
mission of the school was to “inspire bright students to achieve their intellectual and
creative potential, develop strong moral principles and become leaders with a deep
sense of responsibility towards their nation and the world”.

Connections to the Model

We first introduced teachers to the RCM by asking them to look at the diagram of the
model and discuss with a partner what they thought it meant. We also asked them to
describe what they thought PCKwas specifically. After listening to their ideas, which
were quite accurate, we unpacked the layers of the RCM diagram. Then, we drew
circles around the terms “content knowledge”, “curricular knowledge”, “knowledge
of students”, and “assessment knowledge” (as shown in Fig. 3.2) and asked these
two questions:

• How do you already use the four circled categories in your instructional planning?
• How might understanding each category improve your practice?

Teachers wrote their ideas in journals and then had a discussion with each other.
This exercise was designed to serve as an advance organiser for the week’s activities.
For the work related to content knowledge, the teachers work in discipline-specific
groups to discuss these questions:

• What are the central questions surrounding the topics in your discipline?
• What are the concepts you want students to understand deeply?
• What skills do you want students to engage in?
• Why is it important to know and understand concepts and skills in addition to

facts and basic knowledge?

They used ideas from their discussions to make a list of 3–5 central questions
for their discipline, identify one major concept for each question, and identify 3–5
important skills for their discipline. To share their ideas, teachers created posters
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Fig. 3.2 Image of PCK model with knowledge of subject matter, curriculum, students, and
assessment circled

to share their ideas, which were hung in the classroom for the week and used as
reference points as we developed the concept of personal PCK (pPCK). Our goal
was to support the teachers in recognising and developing their knowledge and skills
for supporting students to learn those major concepts effectively.

One essential component to helping students learn effectively is knowing the
students well and understanding their context as well as the learning context in the
classroom. To help develop teachers’ knowledge of students, we used an equity
perspective and asked them to consider these questions:

• What are the reading,writing, and speaking skill levels and styles of your students?
• What do your students generally understand, or misunderstand, about the subject

matter in your discipline?
• Who are your students?

– What are your students’ interests?
– How might interests relate to the subject matter?
– How might interests inform instructional activities?
– What can you do with instruction that values who they are, how they learn,

and supports their academic growth?
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In this part of the professional learning experience, we worked with the teachers
to connect their knowledge of students to the idea that pedagogical decisions need
to be strategically chosen to validate and affirm cultural and school behaviours in
addition to supporting students’ expanding understanding of disciplinary content.
We linked this to content knowledge by asking the teachers to review their curricular
choices to see if their instructional materials were representative of how students
see themselves in their learning, as well as the typical voices and examples that
are (over)represented in the curriculum. This exercise provided a way to bring the
“knowledge exchange” aspect of the model to life.

At this point, we paused and asked teachers to go back to what they had written
about PCKonDay1 and expandor revise their definition ofPCK.They thendiscussed
with a colleague how they thought PCK applied to their teaching. As we supported
the teachers in making connections between their professional knowledge bases and
their personal PCK, we saw evidence that they were considering the nature of how
to teach in concert with what to teach.

Next, we examined knowledge of curriculum by reviewing the features of high-
quality curriculum that include the following:

• An overt and planned learning sequence designed around a central question
• Acoherent flow of ideas with factual information intentionally connected to larger

concepts and contexts
• Carefully supported opportunities for students to develop the practices of the

discipline
• An emphasis on how to develop evidence-based interpretations, explanations, and

arguments
• An explicit attention to how people learn.

Teachers reviewed the list of central questionsmade during the discussion on PCK
and subject matter knowledge and choose one that represented an essential idea in
their discipline. This task was then connected to their knowledge of pedagogy by
focusing on academic discussion. Academic discussion is a conversation about the
content students are learning in which the students are making sense of what they
are learning. Using this particular teaching practice and a unit of their choosing, we
asked the teachers to put their PCK into action by choosing a particular topic for their
particular students where the students could engage in a rich academic discussion
that would include

• Making sense of key ideas
• Using evidence to interpret
• Developing an explanation based on evidence
• Making an argument using evidence
• Using academic terms that are appropriate to the subject matter.

Because the teachers planned an academic discussion related to a particular topic
within a specific unit, this exercise provided an opportunity for teachers to link their
knowledge of students, curriculum flow, and specific content together, representing
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the planning part of the pedagogical reasoning cycle in the centre of the RCM, i.e.
the ePCK realm.

We then created an opportunity for teachers to teach and reflect on the use
of academic discussion by asking them to rehearse the academic discussion they
designed with their peers. This rehearsal is an opportunity to practice the enact-
ment of the discussion they had just planned by trying it out with a small group
of fellow teachers. During the rehearsal, they were able to discuss teaching, work
through potential challenges of the lesson, anticipate what students might do in the
discussion, and consider how to best support students in their success.

Finally, we spent some time developing teachers’ knowledge of assessment by
focusing on formative assessment strategies. Teachers explored the roles of both
formal and informal procedures used during the learning process to determine how a
teacher needs to change instruction tomaximise learning for students.We emphasised
how PCK links together the information gathered during formative assessment and
knowing what to do with that information. We explored how teachers can adjust
instruction in the moment as well as adjusting longer-term plans to improve student
learning.

Reflections

We used the visual of the RCM in August 2017 as a test of its sensibility with
and for practitioners. This group of teachers who participated in the professional
learning were characterised by being reasonably well read in the area of learning
theory, though no one was able to define PCK at the beginning of the summer
workshop. Since they were new to the general concept of PCK, we did not get into
detailed discussions of the differences among cPCK, pPCK, and ePCK. We did this
intentionally to prevent creating an unnecessary overload of terminology that was
not in the teachers’ first language. We situated the majority of the PCK connections
for the teachers in the knowledge exchanges between their professional knowledge
bases and their personal PCK.

This group was also characterised by being intellectual risk-takers—they were
starting a new school and highly engaged in that work and hungry to consider the
characteristics of effective instruction. In this somewhat unique and special group
of teachers, the model was an effective means of helping them see relationships
among the many knowledge and skill bases that comprise the art of teaching. Daily
feedback from the teachers confirmed that the model helped them situate the range
of activities we did to better understand the connections among curriculum, students,
subject matter, and instruction. Based on this experience, we expect to integrate the
use of the RCM into future work with intellectually curious teachers.
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Considering a PCK Instrument Through the Lens
of the Refined Consensus Model of PCK

Sophie Kirschner

Context

TheRefinedConsensusModel (RCM) of PCKaims to be onemodel that is applicable
to very diverse approaches used to capture and assess physics teachers’ PCK. In this
vignette, I explore how an existing paper-and-pencil test that is used to assess physics
teachers’ PCK aligns with the RCM. The development, evaluation, and validation
of this instrument were the central focus of my dissertation and related publications
(see Kirschner, Borowski, Fischer, Gess-Newsome, and Aufschnaiter, 2016), which
was part of a bigger project with the broader goal of understanding in-service science
teachers’ professional knowledge [known as ProwiN; see Tepner et al. (2012)]. In
the first phase of the study, we developed subject-specific content knowledge (CK)
and PCK paper-and-pencil tests for biology, chemistry, and physics teachers and
two subject-independent PK tests. In the second phase, researchers investigated the
relationship between PCK (assessed using the paper-and-pencil tests from phase I),
teachers enacting a specific lesson with their class, and student outcomes (see Cauet,
Liepertz, Borowski, & Fischer, 2015, for physics). The physics tests were developed
from 2009 to 2010, the main study was conducted in 2010, and data were analysed
through 2015. Today, single items from the PCK test are still being used, for example,
to assess the knowledge of pre-service science teachers at Justus Liebig University
Giessen.

The physics PCK test was used with a large number of physics teachers (N =
186) and test persons for validation (N = 107). The items were designed to fit
a model concerning the knowledge areas (declarative, procedural, and conditional
knowledge), the physics topics (mainly mechanics), and the facets (knowledge about
student understanding and knowledge about instructional strategies and representa-
tions). A sample item, coding scheme, and teacher responses are shown in Fig. 3.3.
A discussion of the model and a translation of the entire PCK test can be found in
Kirschner et al. (2016).

Two raters coded all open-ended items using a coding manual. For every item, a
coding schemewas developed in order to identify correct answers (2 points), partially
correct answers (1 point), or incorrect answers (0 points). Partial credit was given for
knowledge of part of the solution. Possible correct answers were derived from the
literature and from teachers’ answers, along with contributions from the researchers’
experiences and reasoning. The coding scheme was specified for every single item
when an answer was good enough to be rated as “correct” or “partially correct.”

S. Kirschner
Giessen, Germany
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Sample Item
Students may have misconceptions having to do with the physics concepts of speed and 
velocity. Write down as many misconceptions as possible.

Coding scheme
Expectations:
- Misconceptions related to the relationship between distance and time

o v = s/t always can be used for calculation
o The formula is v = s*t
o The relationship between v, s, and t is vague [no real misconception]
o Average speed and mean speed are the same

- Misconceptions related to force
o A body in motion can cause something / has force; it has more force when it moves 

faster
o Without force there is no motion
o A uniform movement requires a force
o Bodies become slower by themselves
o High speed is the result of a large force (neglecting the time aspect)

- Misconceptions related to the direction
o Velocity and speed are the same
o Velocity has no direction
o In a circular motion the velocity is constant
o Two bodies have the same direction of motion when the have the same goal
o The direction of force/acceleration and velocity are the same
o Negative velocity is not meaningful

Example of an incorrect answer:
- Students have trouble understanding velocity as a derivative with respect to time of 

distance.
Rating:
- No correct answer: 0 points
- At least one correct answer: 1 point

Correct answers out of two or three categories: 2 points

Translations of teachers answers [and coding]
Teacher A:
1) A long way is automatically connected with high speed.
2) A short distance cannot be con you cover a short distance 
fast.
This is important because considerations from other relationships are often connected incorrect 
(for example mapping distance-force)
[0 points with the coding scheme even if it seems to be a description of a misconception]

Teacher B:
-
only needed to compensate friction)
- Energy of a moving body increases linear with its speed (students do not recognize that e. g. a 
cars stopping distance does not increases linear with its speed) 

Teacher C:
- Scalar
- Decreases without push
-
- Direction is easy to change (kink in a path is possible)
- Speed needs force

speed/velocity respectively in the insight that corrections are necessary. 
[2 p

Fig. 3.3 Example item, coding scheme (Kirschner et al., 2016), and translated teachers answers
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Connections to the Model

While the ProwiN studywas planned (and completed) prior to the development of the
RCM, there are clear connections between our research and this new model. More
specifically, I would suggest that the PCK test instrument is a measure of collective
PCK (cPCK), with an emphasis on teachers’ knowledge of instructional strategies
and knowledge of student understandings. The items on the PCK test instrument
cover a mix of grain sizes including topic level to concept level. In addition, the
instrument asks physics teachers about their planning, teaching, and reflections on
teaching episodes. So, you may be wondering: Why does it make sense to locate
the PCK test instrument within the realm of cPCK? Why is it not a measure of
personal PCK (pPCK)? Or enacted PCK (ePCK)? Does it make sense to separate out
the evaluation of teacher’s cPCK from pPCK and ePCK? I will try to answer these
questions related to our study.

Why not ePCK? When completing our written PCK test instrument, the exercise
triggers teachers to search their own personal knowledge base; however, we cannot
be sure that the knowledge they access to respond to the PCK test items is the
same knowledge they would actually use when planning, teaching, and reflecting
on their science teaching in an authentic setting with their own students. We tried to
analyse this linkwith validation studies and by exploring the connection in the second
phase of the ProwiN project. We found when introducing the term “enacted PCK”,
a validation problem emerges—prior to the RCM, researchers may have expected
that their PCK instruments captured knowledge indicative of the knowledge used by
science teachers when they were teaching, when in fact researchers may have been
measuring some other components of PCK that was not in fact enacted PCK (ePCK).
With the RCM, it is advantageous that we now have more precise language to help
address this issue about the type of PCK that is being captured and evaluated (e.g.
cPCK, pPCK, ePCK).

Why not pPCK? In our study, even if we had wanted to capture the knowledge
base of individual science teachers, not of a group, when coding their responses on
the PCK test, we would still have to check the knowledge of every analysed teacher
against a form of group knowledge (cPCK), for example, in our case using the coding
scheme to decide if a teacher’s response demonstrates expert PCK or not. In this way
of thinking, it is only possible to capture pPCK if we portray knowledge without
judging.

Why cPCK? Individual knowledge becomes collective knowledge in the moment
we read a teacher answer and decide if it is in line with expert PCK or not (or is
“correct” or “incorrect”). By adding “answers” into our coding scheme from indi-
vidual teachers that seemed to be reasonable, but were not previously part of (the
researcher’s) collective PCK, we were trying to incorporate new aspects of pPCK in
the test instrument. In the RCM, this modification to the test could be thought of as
an example of “knowledge transfer” from pPCK to cPCK (as shown by the arrows
from pPCK to cPCK in the model). In order to analyse cPCK, one “only” has to
analyse the knowledge of a group of professionals—which in a group is a normative
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decision—and then compare the relative amount of knowledge held by an individual
teacher to this group’s knowledge.

Reflections

After analysing where to locate our PCK test instrument in the RCM, I wanted
to reflect on a thought about the validity of the model as it relates to PCK test
instruments. I see the model as comprehensive—it has to be in order to cover such a
complex construct. I argued why I think our paper-and-pencil PCK test instrument
only covers cPCK, but even when evaluating only cPCK the potential application
of the model is still huge when considering what the cPCK realm can encompass.
This breadth and depth of the model mean if we want to assess PCK validly, then we
would have to pick some aspects of the model and examine cPCK systematically.
More specifically, this choice is especially relevant to the grain size (e.g. analysing
cPCK concept by concept) and the phases of teaching (e.g. planning, teaching, and
reflecting). Each of these aspects would have to be analysed separately and with
many different tests because of a limited number of items per test (assuming we
used paper-and-pencil tests). The RCM gives us a more precise language to describe
different studies in science teacher education research. As a next step in research,
we will have to use this expanded language to compare studies and to come to a
comprehensive picture of science PCK assessed by different instruments.

The Applications and Implications of the Refined Consensus
Model of PCK to Research About Making Sense
of SCIENCE Professional Learning

Kirsten R. Daehler, Joan I. Heller and Nicole Wong

Context

Over the past decade, researchers fromWestEd and Heller Research Associates have
partnered to investigate the development of teachers’ pedagogical content knowl-
edge (PCK) for teaching science as a result of their participation in Making Sense
of SCIENCE professional learning, an approach that is intentionally designed to

K. R. Daehler
San Francisco, USA

J. I. Heller · N. Wong
Oakland, USA
e-mail: nwong@gordonheller.com

mailto:nwong@gordonheller.com


112 J. Carlson et al.

strengthen teacher PCK. In early studies, data were collected via pre-/post-interviews
from a small number of elementary school teachers. Later, written paper-and-pencil
instruments were developed to accommodate large sample sizes in causal studies
with both elementary and middle school teachers. Most recently, through the use
of classroom video and teacher interviews, we investigated ways teachers utilised
or enacted their professional knowledge when engaged in content-specific teaching.
Related research questions included:

• Did the professional learning produce changes in teacher PCK?
• Is there evidence that the impact of the professional learning on teachers’ PCK

accounts in part for the impact on student outcomes?
• What changes in teacher PCKmay have contributed to increases in student science

achievement?

Connections to the Model

While this researchwas carried out prior to the development of theRefinedConsensus
Model (RCM) of PCK, it is helpful to situate our work in this newer model. Using
this lens, we see our research contributions as focusing squarely on teacher practi-
tioners and the inner layers of the model—personal PCK (pPCK) and enacted PCK
(ePCK).More specifically, some components of the structured interviews andwritten
paper-and-pencil instruments provide insight into elements of teachers’ pPCK, for
example, when we ask them to describe what they anticipate being difficult for
students when learning about a specific topic (e.g. electric circuits at the fourth
grade).With both types of instruments, we also ask teachers to describe their learning
goals for students related to a given topic and to explain how they might go about
teaching students a given concept (e.g., a force is a push or pull interaction). Given
that the written and interview prompts inquire about teaching students at a specific
grade level, the resulting data also tap into each teacher’s personal knowledge, which
may be informed by their prior teaching experiences as well as their own learning
experiences.

By sampling teachers before and after the science professional learning interven-
tion and identifying changes in the depth and sophistication of their responses, we
acknowledge the dynamic nature of teachers’ pPCK as it grows and changes over
time. We further hypothesise that participation in the Making Sense of SCIENCE
professional learning—which utilises teaching cases of practice, analysis of student
work samples, and structured conversations with colleagues—is the mechanism that
shapes teachers’ pPCK, informs their ePCK and classroom practices, and ultimately
enhances student achievement.

In order to gather data about teachers’ ePCK, which we view as a key link in
the cascade of influences from teacher professional learning to student outcomes,
we have used measures such as written paper-and-pencil instruments, structured
interviews, and classroom videos in conjunction with interviews conducted before
and after instruction. Both the written instrument and structured interviews situate
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teachers in a specific classroom context (e.g., teaching electric circuits to fourth
graders) and then ask them to engage in several authentic tasks—analysing a sample
of student work and planning next steps in instruction to address that student’s under-
standing. Teachers’ responses are analysed for how they applied their ePCK, as
evidenced by their identification of common student misconceptions and gaps in
understanding and by their explicit selection and sequencing of multiple, accurate,
and grade-appropriate strategies to support student understanding (e.g., engaging
students in observable phenomena, utilising drawings and other representations,
explaining underlying mechanisms to explain “why”) of a specific topic (e.g.,
complete circuits). While these PCK instruments do not provide direct observations
of teachers’ ePCK as applied to teaching their own students, we view this approach
as a proxy measure for ePCK in situ, that is, similar to the way in which a flight
simulator is an indicator of a pilot’s performance in the air because as the teacher (or
pilot) responds to the information provided they must draw on their prior knowledge
and skill (pPCK) to take action.

In contrast, data collected from classroom videos in conjunction with teacher
interviews conducted before and after instruction provide a more situated window
into teachers’ ePCK as this approach looks more directly at “the act of teaching a
particular topic in a particular way for a particular purpose to particular students
for enhanced student outcomes” (Gess-Newsome, 2015, p.36). This video interview
approach attends to teachers’ planning, enacting, and reflecting on their own teaching
with their own students, which help us learn about teachers’ underlying pedagog-
ical reasoning related to the observed lesson. In our studies, the videos were rated
in relation to five dimensions of classroom practice (e.g., domain-specific repre-
sentations are used to support sense-making, teacher elicits and attends to student
thinking). Together, these dimensions provide information about teachers’ ePCK and
the extent to which they are able to draw on their pPCK to actively engage students in
sense-making around core science concepts, which we believe lead to the observed
enhanced student outcomes (e.g., student achievement).

Reflections

As we consider our prior science teacher education research through the lens of the
RCM, it pushes us to think more deeply about what specific aspects of PCK our
research addresses. The RCM also points out ways in which our instruments could
be revised to expand on the specific aspects of PCK being measured. For example,
while our written instrument focuses on ePCK and the act of planning to teach a
particular concept to a particular student with the explicit purpose of enhancing that
student’s learning outcomes, we could add prompts to elicit information about a
teacher’s pedagogical reasoning.

From the pragmatic side of research into teachers’ PCK in science, the model
has led us to wonder if there are less costly ways than using classroom observations
with teacher interviews to examine ePCK. More specifically, we wonder if there is a



114 J. Carlson et al.

high correlation between how teachers perform on written measures of pPCK (with
regard to planning instruction for a hypothetical student or class) and their ePCK as
demonstrated when authentically planning lessons for students in their actual class.
Aswe discuss the RCMand our own PCK research, we can see significant challenges
associated with measuring ePCK as it relates to the act of teaching, in contrast with
the seemingly more manageable task of assessing teacher’s ePCK related to act of
planning to teach and reflecting on their teaching. Another notable challenge for
researchers assessing teachers’ ePCK and pPCK is taking into account the myriad of
amplifiers and filters—attitudes, beliefs, knowledge, and experiences from their own
classrooms—that shape each teacher’s responses. In summary, the new language and
constructs introduced by the RCM present interesting challenges that are exciting to
us and suggest a host of new research directions.
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Part II
Reimagining the Existing

Rebecca Cooper

Overview

The introduction of the Refined Consensus Model (RCM) of pedagogical con-
tent knowledge in Chap. 2 of this volume has provided researchers in science
teacher education with an opportunity to reconsider their existing research, and to
reflect on how this new model may allow for new connections to be made and
understandings of PCK deepened. Chapters in this part have been contributed by
individual authors and by research teams who have taken retrospective views of
their existing work and considered how this work can be reimagined in light of the
RCM of PCK.

We start with Chap. 4 by Park, where she discusses how two extant PCK models
(the pentagon model of PCK and the indispensable and idiosyncratic PCK model)
can be situated within the RCM of PCK. Park’s rethinking of her significant work
using these models, as it relates to the RCM, highlights the importance of pro-
fessional communities and shared expertise to development of PCK. She sees
collaborative interactions among science teachers as essential for the development
of PCK as they make teachers’ knowledge public and more visible to colleagues.
Such findings tie in closely with the realms of PCK (i.e., collective, personal, and
enacted PCK) depicted in the RCM and the knowledge exchanges and transfor-
mations occurring in both directions from realm to realm as teachers interact about
their teaching practices in more public arenas.

Mavhunga’s work in Chap. 5 seeks to demonstrate how her ongoing research
about topic-specific PCK can be reimagined through the RCM. She now revisits her
examination of PCK at topic level and calls on PCK researchers to be more specific
about grain size when exploring PCK and to be less ambiguous in their references
to PCK. In her view, the RCM’s identification and inclusion of grain sizes ranging
from discipline-specific to topic-specific to concept-specific PCK through all realms
and aspects of PCK acknowledge this call.

Chapter 6 by Sorge, Stender, and Neumann sought to learn more about the
exchanges of knowledge occurring between the broader professional knowledge



bases and the three realms of PCK depicted in the RCM as science teachers develop
their professional competence. In reworking data from two of their previous studies
using the RCM to guide their analyses and interpretations, they found that the RCM
confirmed and validated the worth of their earlier work when viewed as explo-
rations of relationships between collective PCK (cPCK) and personal and enacted
PCK (pPCK and ePCK).

In Chap. 7, Schneider identifies the possibilities the RCM presents for untan-
gling the complexity of PCK by describing the three realms of PCK, from the
professional knowledge of a community of science teachers, to that of an individual
science teacher, to the ideas used to inform and the actions taken in an instance of
teaching. Schneider then reconsiders her learning study research in relation to the
RCM, as an approach to develop and illustrate science teachers’ pedagogical
knowledge from a teacher educator’s stance. She finds that it is helpful to situate the
work within the three realms of PCK as described in the RCM.

Finally, in Chap. 8, Park and Suh focus on how the RCM provides a conceptual
framework for informing a methodological approach to PCK research called “PCK
mapping.” They find that the RCM is a useful tool for examining the pedagogical
reasoning and action that drives the knowledge exchange between pPCK and ePCK
of science teaching, highlighting the support that the RCM offers for making the
abstract and complex structure of PCK more visible, explicit, and accessible.
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Chapter 4
Reconciliation Between the Refined
Consensus Model of PCK and Extant
PCK Models for Advancing PCK
Research in Science

Soonhye Park

Abstract In this chapter, I discuss how two pedagogical content knowledge (PCK)
models known as the pentagonmodel of PCK and the indispensable and idiosyncratic
PCKmodel can be situated within the Refined Consensus Model (RCM) of PCK as I
reflect on examples of my earlier research in science teacher education. To guide my
previous research, I used the pentagon model of PCK to capture and portray PCK
and the indispensable and idiosyncratic PCK model to measure and assess PCK. I
also illustrate how researchmethods drawn from these two existingmodels, including
approaches such as PCKmapping, in-depth analysis of PCK, PCK surveys, and PCK
rubrics, align with the RCMandwhat insights the RCMprovides for improving these
methods and advancing PCK research. The body of this chapter is structured around
four distinctive features of theRCM, compared to the earlier ConsensusModel (CM),
that emerged through a critical comparison of the new model with the two extant
PCKmodels, i.e. the RCM’s (1) emphasis on learning context for capturing PCK, (2)
explicit visual representation of the link between PCK and the enactment of PCK,
(3) distinction between personal PCK and collective PCK, and (4) shift in focus
towards PCK development. Major methodological suggestions emerging from this
critique for future research into science teacher education using the RCM include
data collection encompassing the entire pedagogical cycle and greater attention to
contextual factors, student learning, and pedagogical reasoning.

Introduction

As an outcome of the second pedagogical content knowledge (PCK) summit in
2016 and follow-up discussions, the participants developed the refined consensus
model (RCM) of PCK, building on the 2012 consensus model of teacher profes-
sional knowledge and skills (Gess-Newsome, 2015) and incorporating new ideas
that emerged during the summit. Whereas the former consensus model aimed to
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reach agreement in defining PCK, the RCM intends to help researchers identify
areas to study for advancing PCK research through situating their studies within
the context of teaching practices (see Chap. 2). In this chapter, I describe how
my research on PCK for science teaching can be reimagined within the context
of the RCM and the insights this updated model provides for future PCK research,
especially those relating to research methodology. In particular, I look for areas
of compatibility and differences between the RCM and two extant PCK mod-
els that have previously guided my research on PCK, i.e. the pentagon model of
PCK (Park & Oliver, 2008a) and the indispensable and idiosyncratic PCK model
(Park, Suh, & Seo, 2017). Then, drawing on areas where the PCK models diverge
from one another, I discuss how the research methods used to portray and assess
PCK, derived from the extant models, can be situated within and applied to the
RCM.

The body of this chapter is structured according to four distinctive features of the
RCM that emerged through critical comparison with the two extant PCK models:
(1) emphasis on learning context in capturing PCK, (2) explicit visual representation
of the link between PCK and the enactment of PCK, (3) distinction of personal
PCK from collective PCK, and (4) shifted focus towards PCK development. While
discussing each of the features highlighted by the RCM, important insights into the
conceptualising of PCK for science teaching andmethodological approaches to PCK
research are also provided.

Emphasis on Learning Context in Capturing PCK

One critical difference between the RCM and the original Consensus Model (CM)
(Gess-Newsome, 2015) is more explicit and greater emphasis on learning context
as an amplifier and a filter of teacher PCK in science, as well as, a mediator for
teacher actions. In the RCM, the learning context encompasses a wide range of
factors influencing teacher PCK from the broader education sector to individual
student attributes (see Chap. 2). The prominence of the learning context in the RCM
suggests important implications for methodological approaches, especially for those
that I have previously used to capture PCK. For example, the PCKmap approach was
developed to capture interactions among PCK constituent components by a series of
quantifications and visualisations of PCK episodes (i.e. instances of a teacher’s PCK
in use) that were identified in science classroom observations and teacher interviews
(Park & Chen, 2012).

The PCK map approach employs the pentagon model of PCK as both a concep-
tual and analytic framework that defines PCK as an integration of five constituent
components, which are (1) orientations towards teaching science, (2) knowledge of
students’ understanding in science, (3) knowledge of science curriculum, (4) knowl-
edge of instructional strategies and representations, and (5) knowledge of assessment
of science learning (Park &Oliver, 2008a). To accentuate the interrelatedness among
them, the components are presented in a pentagon shape in the model, as shown in
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Fig. 4.1 Pentagon model of pedagogical content knowledge for teaching science (Park & Oliver,
2008b)

Fig. 4.1, instead of a linear manner. The components are integrated through comple-
mentary and ongoing readjustments by both reflection-in-action and reflection-on-
action.

Given the interplay and integration of PCK components, the PCK map approach
draws greater attention to individual science teachers’ cognitive processes than to
the teachers’ interactions with contextual factors. Specifically, as shown in Fig. 4.2,
during the first step of the PCK map approach, segments that include PCK compo-
nents are identified from observation and interview data and then synthesised into a
PCK episode through the in-depth analysis of explicit PCK. This analysis procedure
involves both de-contextualisation and re-contextualisation of data (Tesch, 1990). In
other words, extracting data segments that retain PCK components separates them
from their original contexts (i.e. de-contextualisation), and these segmented data are
then reassembled into a PCK episode through re-contextualisation (Coffey & Atkin-
son, 1996). As part of the re-contextualisation process, the PCK episode is assembled
in terms of what was happening in the context in which the episode occurred and the
PCK components involved in the episode. Interestingly, reflecting on this analysis
procedure in the light of the RCM, I have come to realise that contextual factors
included in the description of a PCK Episode were often limited to a specific class-
room environment and did not include sufficient descriptions of broader contextual
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Fig. 4.2 Analysis procedures of the PCK map approach

factors like educational policies, school climate, administrative requirements, and
peer interactions.

Once aPCKepisode is described in thePCKmapapproach, interactions among the
identified PCK components are represented using the pentagonmodel of PCK to cre-
ate the outcome known as a PCKmap (Park &Chen, 2012; Suh& Park, 2017). Since
the PCK map approach was first developed to answer particular research questions
related to interactions among the PCK components, this step centres on visualising
only the components’ relationships. Consequently, contextual factors associatedwith
the PCK episode are not presented. Recognising the importance of the learning con-
text in the RCM, I acknowledge that the PCKmap, as the final product of this analytic
method, may unintentionally reinforce a static view of PCK. The impression forms
that teachers can develop and apply PCK independently from the learning context
(Berry, Depaepe, & van Driel, 2016) even though the mapping process takes into
consideration contextual factors. In this regard, modifications to how a PCK map
is depicted are suggested to enable those contextual factors directly influencing the
PCK components to be visually represented in the PCK map.

Explicit Visual Representation of the Link Between
Teachers’ PCK and the Enactment of PCK

A central feature of the RCM is that it attempts to clearly illustrate PCK in practice
(i.e., enacted PCK (ePCK)) as teachers’ application of PCK during a pedagogical
cycle (see Chap. 2). This effort to show the linkage directly responds to criticisms
levelled at PCK research for its concentration on investigating what teachers know,
without relating it to what teachers actually do and what students learn (Settlage,
2013). Recently, Shulman (2015) reminded us that PCK was not coined as a cogni-
tive construct that resides in individual teachers’ heads, but as a dynamic construct
that describes the complex processes that teachers apply during the act of teaching
particular subjects for particular purposes to particular students within particular set-
tings. In this regard, the RCM signifies the idea that PCK comprises what a teacher



4 Reconciliation Between the Refined Consensus Model of PCK … 123

does and the pedagogical reasoning that guides the teacher’s actions, as well as what
the teacher knows (Baxter & Lederman, 1999).

The conceptualisation of ePCK as a distinct form of PCK in the RCM is congruent
with the conception underpinning the pentagon model of PCK; that is, PCK consists
of two dimensions—understanding and enactment (Park, 2005). It can be argued that
ePCKfrom theRCMconceptually corresponds to the enactment dimensionof PCK in
the pentagon model and pPCK (personal PCK) with the understanding dimension of
PCK. However, there are significant differences in the way that the respective models
define the relationships between ePCK and pPCK and the understanding dimension
and the enactment dimension. In the RCM, ePCK is defined as a subset of pPCK
that is manifested when a teacher utilises pPCK, not only when interacting directly
with students through reflection-in-action, but also when planning instruction and
reflecting on instruction and student outcomes through reflection-on-action. In this
sense, PCK encompasses both knowledge and skills (see Chap. 2; Gess-Newsome,
2015). On the other hand, in the pentagon model, the understanding and enactment
dimensions are described as two complementary aspects of a teacher’s PCK that
are demonstrated, rather than one being a part of the other. In other words, the two
dimensions indicate different facets of PCK that constitute a teacher’s whole PCK
construct.

This conceptual variation necessitates different approaches to measuring PCK.
The pentagon model of PCK suggests that measuring a teacher’s PCK for sci-
ence teaching requires measuring both cognitive and enacting dimensions of PCK.
Consistent with this view, the PCK measures that my research team developed con-
sisted of two types, each for measuring one of the two dimensions (Park & Suh,
2015). Specifically, the PCK survey directly measures “what teachers know” using
teachers’ responses to a paper–pencil-type survey, whereas the PCK rubric indirectly
measures PCK through inferences from teachers’ enacted PCK, focusing on “what
teachers do” and their underlying pedagogical reasoning. Assuming that onemeasure
only partially estimates an individual’s PCK, individual teachers’ PCK scores ought
to be determined by the sum of their scores on both measures (Park et al., 2017).

On the other hand, the RCM suggests the possibility of estimating a teacher’s
science pPCK by measuring ePCK, given that ePCK is an expression of pPCK.
How then can we measure ePCK? What data sources are necessary to measure
ePCK?How should those data be analysed to estimate an individual’s ePCK or pPCK
in reliable and valid manners? Although those questions call for further empirical
investigation, I believe that the RCM provides substantial direction for such research
efforts. First, ePCK is manifested, evident, and utilised throughout the three phases
of the pedagogical cycle: plan, enact, and reflect (see Chap. 2). This understanding
of ePCK implies that data sources and collection methods should be planned to elicit
PCK from each of the three stages. For example, teaching observations can capture
elements of ePCK during the enact phase, while lesson plans, interviews on planning
instruction, and reflective interviews can be useful to identify other elements of ePCK
during the planning and reflection phases. Thus, to capture ePCK holistically, it is
suggested researchers collect data from multiple sources at different points in time
that span a full pedagogical cycle.
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Second, a two-way knowledge exchange between pPCK and ePCK should be
considered as a critical component of ePCK. Particularly, the pedagogical reasoning
behind a teacher’s use and synthesis of pPCK into a form of ePCK ought to be con-
sidered in gauging the teacher’s PCK. Interviews anchored to videotaped lessons or
reflection journal entries are examples of data sources from which to draw under-
standing of a teacher’s pedagogical reasoning through both reflection-in-action and
reflection-on-action (Schön, 1983). Finally, measuring PCK necessitates a normative
stance in which some forms of PCK are more highly regarded than others (Park &
Suh, 2015). The RCM recommends that impact on students’ science learning should
be counted towards norms for determining the quality of PCK. Building on the con-
ceptualisation of personal PCK and skills in the original CM (Gess-Newsome, 2015),
ePCK is a representation of personal PCK (pPCK) in the act of teaching a particu-
lar science topic in a particular way for a particular purpose to particular students
for enhanced student outcomes (see Chap. 2). This conceptualisation indicates that
comparative judgments made about teacher PCK in science need to include their stu-
dents’ science learning outcomes in relation to the teaching purpose. In this regard,
I propose a modification to the PCK rubric that includes student learning outcomes
as a component by which a teacher’s enacted PCK in science is determined. To this
end, how to measure student learning outcomes, in relation to teacher PCK, in reli-
able and valid ways must be a central question driving my future research involving
the measuring of PCK. Besides measuring PCK, research studies that aim to portray
PCK should also expand their scope of study, embracing the influence that a teacher’s
PCK in science exerts on his or her students’ science learning.

Distinction of Personal PCK from Collective PCK

Another unique feature of the RCM to emerge is the differentiation between per-
sonal PCK (pPCK) and collective PCK (cPCK). Collective PCK in science repre-
sents a compendium of knowledge held by a group that extends beyond the knowl-
edge of an individual science teacher and embodies more than what is known from
research about teaching particular science subject matter to particular students in
a particular learning context (see Chap. 2). Stated differently, cPCK is a collection
of pPCK shared by a group of teaching professionals related to teaching a specific
discipline, a specific topic, or a specific concept. For pPCK to become cPCK, the
RCM requires sharing, articulation, and communication of that personal knowledge
amongst a group of professionals. Although there is no explicit mention of valida-
tion of this shared knowledge through standardised processes, theRCMdifferentiates
cPCK from pPCK and ePCK by virtue of the vetting of this knowledge by peers and
other professionals through formal and informal channels. In this regard, cPCK in
science comes to signify the perspective of PCK as knowledge for teachers (i.e. what
teachers need to know) rather than knowledge of teachers (i.e. what teachers know)
(Fenstermacher, 1994).With that said, cPCK is likely to be assessed in a comparative
and normative way (Berry et al., 2016).
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The concept of cPCK reflects the idea of indispensable PCK as illustrated in
the indispensable and idiosyncratic model of PCK (Park et al., 2017). As shown in
Fig. 4.3, the model distinctly incorporates both the personal idiosyncratic knowledge
of individual science teachers, along with the indispensable knowledge for teachers
that is necessary to execute effective instruction. Specifically, the indispensable PCK
refers to the aspects of PCK for effective teaching of subjectmatter that are considered
necessary across different teachers and a variety of educational contexts (Park&Suh,
2015). Thus, the indispensable PCK ismeasurable in a normativeway, distinguishing
between teacherswith sophisticated and shallowPCK for teaching science. To clarify
norms for determining the quality of the indispensable PCK for teaching science, the
indispensable and idiosyncratic PCKmodel posits twomajor criteria: (1) appropriate
representation of canonical science and (2) purposeful application of empirically
supported consensus knowledge about effective instruction grounded in research on
learners and learning (Donovan & Bransford, 2005). Both the PCK survey and PCK
rubric tools target the measurement of indispensable PCK (Park et al., 2017).

I consider idiosyncratic PCK in science as an essential part of teacher knowledge
that exemplifies teachers’ professionalism, demonstrating their autonomy and ability
to be responsive to diverse students within a specific social, cultural, and educational
context, through adapting and tailoring instructional materials and strategies (Barnett

Fig. 4.3 Conceptual model of indispensable PCK and idiosyncratic PCK (Park et al., 2017)
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& Hodson, 2000; Donnelly, 2001; Park & Oliver, 2008b). However, I also assume
the presence of a collection of PCK in science that cuts across diverse contexts and
which serves as foundational knowledge upon which teachers build the personal
idiosyncratic PCK for science teaching that is unique to the learning context where
their knowledge base is put into practice. This indispensable PCK is what cPCK
intends to capture in the RCM.

However, I contend that in its current form, the RCM does not sufficiently unpack
the meaning of cPCK in a way that will help conceptualise standards against which
individual teachers’ PCK in science is compared. Well-defined conceptualisations of
PCKmust be central to determiningwhat is to be assessed, how it is to be assessed, and
theorising important assumptions about the outcomes of PCKmeasures (Park& Suh,
2015). Hence, in order to better guide a line of research on measuring PCK, further
clarification and articulation of cPCK that encapsulate the notions of knowledge for
teachers of science and what constitutes indispensable PCK are imperative.

Nonetheless, I believe that the inception of cPCK by the RCM is a noteworthy step
forward in advancing PCK research, in that it sheds light on the public aspect of PCK
that transcends the knowledge bases of individual teachers of science. Professional
knowledgemust be public and represented in a form that enables it to be accumulated
and shared with others (Hiebert, Gallimore, & Stigler, 2002). cPCK is, indeed, the
core of PCK as the professional knowledge of teachers. Yet, professional knowledge
also requires a system for verification and improvement (Hiebert et al., 2002). As
I mentioned before, however, the knowledge exchanges in the RCM do not clearly
demonstrate mechanisms through which shared pPCK can be publicly examined,
verified, refuted, or modified. Clarification on those procedures will fill the gaps in
our understanding about how pPCK becomes the profession’s collective canonical
knowledge of effective science teaching.

Shifted Focus Towards PCK Development

The last and most important feature highlighted by the RCM is the shift in focus
from what PCK is towards how PCK develops. Accordingly, the model offers a
differentway to think about how teachers develop PCK for effective science teaching.
Specifically, it draws special attention to the importance of colleagues, students,
professional organisations, and contextual factors in developing PCK. By doing so,
the RCM underscores that the development of PCK goes beyond individual science
teachers’ cognitive processes and requires their social interactions with colleagues,
students, and others when negotiating the complexities of the learning context.

In this regard, theRCMsuggests three newdirections for science teacher education
research on PCK, especially the development of PCK that has been a dominant line of
PCK research (Depaepe, Verschaffel, &Kelchtermans, 2013). First, researchers need
to further consider relevant external and contextual factors closely associated with
pPCK and ePCK development to fully understand how teachers grow and change
in their PCK in science over time. Previous studies about factors that influence the
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development of PCKprimarily focused on thosemore proximal to teacher knowledge
and practice, such as teaching experience, students, mentors, and professional devel-
opment programmes (Park, 2005). Few researchers have examined broad and distal
factors in relation to PCK such as federal policy,ministry requirements, national/state
standards, school culture, and collegial dynamics that are also crucial components
of the whole learning context. As the RCM indicates, a teacher develops and applies
PCK through complex processes mediated by a multitude of factors. However, it is
neither easy nor feasible to consider all factors in a single study. Close attention to
these under-researched factors will contribute to building a complete picture of how
multiple factors interact in shaping the development of teachers’ PCK in science and
provide significant implications for the design of interventions to improve PCK.

Second, considering knowledge exchanges between different components in the
RCM, researchers need to attend to the causes of PCK growth and mechanisms of
the cause–effect relationship. In particular, a clear understanding of the factors that
can be best leveraged to create changes in PCK and the mechanisms through which
they work will advance our understanding of how to design learning opportunities
for teachers of science and how to assess teacher PCK in science. Last, the RCM
represents PCK development for teaching science embedded in the larger milieu of
the learning context, interaction with students and colleagues, and interplay among
broader professional knowledge bases (see Chap. 2). This embedded nature of PCK
development implies that every aspect of teachers’ daily work in the rich, complex,
and constantly changing environments where they are situated impacts their PCK
to varying degrees. Consequently, individual teachers may not always experience
steady incremental growth in PCK along their career trajectory (Schneider & Plas-
man, 2011). Having said that, I postulate that we should view PCK development for
effective science teaching as continual change across a broad span of time, rather
than as a series of discrete changes resulting from particular training experiences
or critical classroom incidents. In this respect, longitudinal studies are needed to
illuminate pathways that teachers move through as they develop more sophisticated
PCK through experience in contextualised situations. Those studies will provide
invaluable insights into how to design professional development programmes and
experiences that support teachers’ continued PCK growth through different stages
of their career.

Closing Remarks

I have discussed implications for research methodology and future research on PCK
in the field of science education drawn from the RCM, concentrating on four unique
and significant features of the model, which are the emphasis on learning context,
acknowledgement of ePCK (PCK in practice), recognition of cPCK, and the focus
on PCK development. To recap, regardless of the focus of the study, any study that
intends to examine PCK should consider that a multitude of contextual factors exerts
profound influence on PCK and design data collection and analysis methods that
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sufficiently capture the influence of these contextual factors. Moreover, data sources
and data collection methods to elicit PCK need to encompass the entire pedagogical
cycle, because PCK is applied and used in every phase of the cycle from planning a
lesson, to enactment of the planned lesson, to reflection on the enacted lesson.

The RCM implies several directions for methodological work, especially for the
line of research focused onmeasuring and assessing teachers’ PCK in science. ePCK
should be the target in measuring PCK, with careful attention paid to how PCKman-
ifests itself as teacher actions and practices in the classroom, rather than treating
PCK solely as a cognitive construct. Given the complementary, two-way knowledge
exchange between pPCK and ePCK,methodological approaches tomeasuring ePCK
will need to address the pedagogical reasoning behind a teacher’s actions. Data col-
lection methods to tap into pedagogical reasoning may include interviews combined
with observations, video-stimulated recall interviews about critical classroom inci-
dents, or written reflections. Scoring rubrics or checklists are the most prevalent
analytical tools for quantifying those qualitative data when measuring PCK (Park,
Jang, Chen, & Jung, 2011), but researchers are encouraged to devote more effort to
developing innovative, yet robust, analytic methods to discriminate between differ-
ent levels of sophistication in pedagogical reasoning and ePCK. Most importantly,
students’ science learning outcomes should take precedence over other measures in
determining the quality of an individual teacher’s PCK for science teaching. How-
ever, given the diversity of students, standardising the assessment process for vari-
ables associated with student learning will be a challenging but necessary task that
requires rigorous scholarly endeavour. Similarly, research focusing on describing and
capturing PCK should also give ample consideration to PCK contextualised in prac-
tice and the associated contextual factors; pedagogical reasoning for instructional
decisions and actions; and student learning outcomes in relation to PCK.

A significant insight to research on teachers’ PCK for science teaching drawn
from the RCM is the importance of professional communities and shared expertise
to the development of PCK. This insight implies collaborative interactions among
teachers become essential for the development of a teacher’s PCK for science teach-
ing because those interactions encourage teachers to make their knowledge public
and understood by colleagues. However, little is known about how teachers’ PCK
evolves through interactions with other members of the profession and through feed-
back loops between classroomexperience andprofessional contributions. In addition,
there is a significant need for longitudinal studies with in-service teachers of science
to better understand how to support teachers as lifelong learners who continuously
advance to higher levels of PCK. Finally, more research on mechanisms that disen-
tangle complex relations among the components within the RCMwill propel the field
forward in building a theoretical model of PCK rooted in firm empirical evidence
that explains how to improve science learning for all students through promoting
teachers’ PCK and practice in science teaching (Park & Suh, 2015).
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Chapter 5
Exposing Pathways for Developing
Teacher Pedagogical Content Knowledge
at the Topic Level in Science

Elizabeth Mavhunga

Abstract This chapter seeks to illustrate howpedagogical content knowledge (PCK)
at the topic level is positionedwithin theRefinedConsensusModel (RCM)of PCKby
retrospectively applying the RCM to an existing study. It demonstrates this position-
ing by tracking the development of chemistry pre-service teachers’ PCK in electro-
chemistry across the newly conceptualised realms of collective, personal and enacted
PCK. In this study, pre-service teachers are seen developing their personal PCK
(pPCK) in the topic from a structured course based on collective PCK (cPCK) for
the topic of electrochemistry and demonstrating part of their enacted PCK (ePCK)
in the topic by developing a teaching programme on the topic. Data were collected
using tools that were able to specifically measure the pre-service teachers’ pPCK
in electrochemistry (pre- and post-intervention tests) and from classroom tutorial
assignments during the intervention. The analysis of test data to detect shifts in
the quality of pPCK was enabled using a criterion-based rubric, while a qualitative
in-depth content analysis was employed on the collected assignments. Findings indi-
cated a differentiated improvement in the pre-service teachers’ pPCK and in their
ePCK for planning to teach the topic. Implications drawn for researchers in science
teacher education include the importance of explicitly referencing the level or grain
size of PCK under investigation in PCK studies and the realm in which the construct
is located, as promoted in the RCM.

Introduction

What distinguishes science student teachers from others? A likely response to this
question would refer to learning the knowledge needed to teach abstract and diffi-
cult science content for learner understanding despite the diversity in the classroom.
Pedagogical content knowledge (PCK) is the teacher knowledge identified by Shul-
man (1986) as linked uniquely to the profession of teaching. PCK offers teachers the
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knowledge to pedagogically restructure and package difficult and abstract content
knowledge in formats accessible for learner understanding. The science education
community has embraced PCK as the knowledge for teaching science (Abell, 2008;
Darling-Hammond & Richardson, 2009), and the knowledge to be passed on to
prospective science teachers. This transference of knowledge demands PCK to be
addressed without ambiguity, as is the purpose of the collective chapters in this
book. For example, it is important for pre-service teachers to be consciously aware
of their learning in order to be aware of their own development. On the other end, it
is important for science educators to distinguish the level of PCK (e.g., discipline-
vs. topic-specific) in their teaching as these have a different composition and require
emphasis on different knowledge types for their pedagogical value (Abell, 2008) to
be realised. The Refined Consensus Model (RCM) of PCK, introduced in Chap. 2
of this book, brings back into focus the multidimensional nature of PCK and affords
us a unison vocabulary for communicating the different levels of the construct and
its applications.

The multidimensional nature of PCK emerges in the literature in different ways.
Earlier studies have reported on the tacit nature of PCK and recommended for its
assessment to occur in both planning and enacted classroom conditions as these con-
texts afford distinctly different insights about PCK (Aydeniz & Kirbulut, 2014; Park
& Chen, 2012). A different set of studies are reported on the differentiated grain size
of PCK evident when the teaching of a particular discipline and a specific topic is
considered (Nezvalová, 2011; Veal & MaKinster, 1999). These authors suggested
PCK exists at three levels, namely at discipline-, domain- and topic-specific levels.
Other studies looked at PCK emerging from a perspective of a group of teachers
(Loughran, Berry, & Mulhall, 2004) and recognised the emerging wisdom from the
collective, while other studied PCK from individual teachers (Aydin, Friedrichsen,
Bozc, & Hanuscinb, 2014). It could be reasonably argued that all the above-listed
studies presented the multiple perspectives of the same theoretical construct, which
has over the years posed a challenge on how to refer to each element without ambi-
guity (Aydin et al., 2014b). The RCM draws all these perspectives of dimensions
into a single interlinked pictorial representation and illustrates the possible devel-
opmental path of the teacher’s professional knowledge for teaching (PCK). It also
shows how both practicing and prospective teachers may first draw on and grow
their professional knowledge from a shared professional understanding about PCK,
called collective PCK (cPCK). Such collective professional knowledgemay be drawn
from sources such as coursework, text or publications that all constitute a realm of
understanding that is public and commonly shared as teacher knowledge for teach-
ing. A pre-service teacher sitting in such courses would subsequently access and
personalise the teaching as personal PCK (pPCK) to an extent made permissible
by personal beliefs, context and other affective factors (referred to as filters and/or
amplifiers in theRCM). pPCK consequently becomes the personal collection of ideas
and understandings fromwhich the pre-service teacher draws to inform the pedagog-
ical reasoning involved in enacting out the planning, the actual teaching and lesson
reflections—all referred to as enacted PCK (ePCK). Thus in the RCM, cPCK, pPCK
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Fig. 5.1 A simplified illustration of the multidimensional nature of PCK in the RCM of PCK

and ePCK can be seen to represent three distinct but interrelated realms of PCK that
map the path a teacher may follow in developing their professional knowledge.

The development of PCK through the above-mentioned three realms could be
experienced at a discipline-specific, topic-specific or concept-specific level. These
three levels reflect a continuum of grain sizes at which PCK could be considered at a
particular time. The RCM of PCK acknowledges that this continuum occurs in each
of the three PCK realms (cPCK, pPCK and ePCK) (see Chap. 2). The illustration
below presents a simplified version of the RCM tomake the continuum of PCK grain
sizes within each of the three realms of PCK more explicit (Fig. 5.1).

This chapter contributes to the purpose of the book by demonstrating the posi-
tioning of PCK at a topic level with the grain size of PCK directed at a specific topic
and available in each of the three PCK realms. Furthermore, the chapter serves to
illustrate empirically how pre-service teachers in science can develop their pPCK in
a specific science topic from a formalised structured course that is based on shared
knowledge or cPCK for teaching that specific topic. The discussion on PCK at the
topic level begins with the revisitation of its theoretical conceptualisation as provided
below.

Explaining PCK in Science at a Topic-Specific Level

In the foundational literature on PCK, several science education researchers (Abell,
2007; Geddis & Wood, 1997; Van Driel, Verloop, & de Vos, 1998) pointed out PCK
at a topic level when they first referred to the topic-specific nature of PCK in science.
A number of sequel studies are built on this understanding and explored ways of
examining the topic-specific nature of PCK (Aydin et al., 2014a) and the nature of the
interactions among components that are visible when PCK is considered in specific
topics in a classroom situation (Aydin, Demirdogen, Atkin, Uzuntiryaki-Kondakci,
& Tarkin, 2015). Emerging from these studies came a growing understanding of the
close proximity of the topic-specific nature of PCK to content knowledge of that
topic. In this section, the conceptualisation of PCK in science at a topic level, as
a theoretical construct that could be described, taught and measured, is revisited
(Mavhunga & Rollnick, 2013) in its new representation as a grain size of PCK
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and referenced in the RCM as topic-specific PCK. The discussion forwarded here
for the close links of PCK to specific content knowledge is drawn from earlier
arguments in the literature. Shulman (1986) argued that for expert teachers, many of
the pedagogical knowledge strategies they use are content-specific. This view was
supported by Geddis, Onslow, Beynon, and Oesch (1993) who explicitly pointed out
that ‘An outstanding teacher is not just a teacher, but rather an “English teacher” or
a “chemistry teacher”’ (Geddis et al., 1993, p. 675). Both these authors referred to
knowledge for teaching a discipline, which is reflected in the RCM as the highest
level or grain size item in the continuum of PCK within each of the cPCK, pPCK
and ePCK realms. Drawing from this argument, it implies that pre-service teachers
should learn to teach a discipline and therefore the relevant core topics that constitute
the discipline. The challenge, however, comes in the realisation that the knowledge
generated to teach the topics of a discipline is different from topic to topic and not
automatically transferable. Thus, the need to give attention to the knowledge for
teaching a specific topic within a discipline arises. Such knowledge was referred
to in our earlier study (Mavhunga & Rollnick, 2013) as topic-specific pedagogical
content knowledge (TSPCK), which is now referred to, hence with, as topic-specific
PCK in line with the terminology in the RCM.

In conceptualising topic-specific PCK as a theoretical construct, Shulman’s state-
ment (1987) that ‘comprehended ideas must be transformed in some manner if they
are to be taught’ (p. 16) was used as a starting point. This view was supported by
Geddis et al. (1993) who pointed out that teachers need to develop the awareness that
teaching requires the transformation of their (topic) content knowledge in general.
Geddis argued that, once this awareness was in place, the articulation of the kinds of
knowledge needed to achieve such transformation becomes important, in that knowl-
edge of a multitude of particular things about the content knowledge of a topic that
are relevant to its teachability is required (Geddis et al., 1993, p. 676). The particular
things or knowledge components that Geddis identified were (i) learner prior knowl-
edge including misconceptions, (ii) curricular saliency, (iii) what makes a topic easy
or difficult to understand, (iv) representations including analogies and (v) concep-
tual teaching strategies. In short, learner prior knowledge refers to common students’
misconceptions and alternative conceptions, as well as correct knowledge about a
particular content. Curricular saliency refers to the learning of the various topics,
relative to the curriculum as a whole. Within a topic, it is about understanding what
concepts are most core and which are peripheral, the needed prior knowledge and the
sequencing in teaching concepts. The componentwhat makes a topic easy or difficult
to understand refers to the ability to identify gate-keeping concepts within a topic
that are difficult to understand and not necessarily misconceptions, and it triggers
dedicated awareness and possible interventions for teaching them. Representations
refer to a range of representations including examples, illustrations, analogies, simu-
lations and models that are relevant to a topic. Lastly, conceptual teaching strategies
refer to effective instruction strategies for particular learner misconceptions, known
areas of difficulty to learn, or known importance of concepts. The strategies involve
the use of combinations of conceptual principles and rules of a topic as tools to
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confront potential confusion and misconception. However, the term does not refer
to general pedagogical knowledge strategies.

The knowledge components, identified by Geddis, were referred to as content-
specific components in a previous science PCK publication by Mavhunga and Roll-
nick (2013) because of their orientation to content knowledge in a topic. When a
particular element of content knowledge in a topic (K) is thought about and reasoned
through against these content-specific components as a collective, understanding for
teaching is generated that is specific to that topic (K’), Fig. 5.2.

The quality of topic-specific PCK observed in planning and/or teaching is there-
fore linked to the extent to which demonstrated knowledge of the components and
their interactions is used by teachers to generate coherent and rich explanations and
responses. It is important to note that in the previous consensus model of PCK (Gess-
Newsome, 2015), these content-specific componentswere incorporated into the layer
of PCK referred to as the professional topic-specific knowledge. Thus, the idea of

Fig. 5.2 Transformation of
content knowledge in a topic
from content-specific
knowledge components of
PCK
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topic-specific PCK is not new, but it is more explicit and given greater clarity in the
RCM of PCK for science teaching in relation to other grain sizes of PCK.

In summary, the location of topic-specific PCK within the RCM is explained and
the composition of the construct revisited for purposes of distinguishing it from other
levels in the continuum of PCK (i.e. discipline- and concept-specific PCK), as these
are yet to be fully conceptualised—a challenge for future studies. An example of
a study where pre-service teachers can be said to develop their pPCK and ePCK
at a level of topic-specific PCK in electrochemistry is revisited to demonstrate how
the development of their professional knowledge from a structured formal course
based on cPCK in electrochemistry occurred. The example study illustrates the dif-
ferentiated extent to which pre-service teachers develop their pPCK for the topic as
influenced by personal beliefs and other factors. The research question explored in the
example study can be reframed as: what factors promoted/hindered the development
of pre-service teachers’ pPCK at a level of topic-specific PCK in electrochemistry
from a structured course based on cPCK in electrochemistry?

Method

Participants

The study was conducted at a large university in the Province of Gauteng in South
Africa. It was conducted in a chemistry methodology component of a course that
combines chemistry and physics as equal course components, called physical sci-
ence. Participants in the course were 16 final (4th)-year bachelor of education pre-
service teachers who were registered to major in physical science. The course had a
main objective to improve the quality of PCK in several core topics of chemistry and
physics. The topic used in this particular study was electrochemistry. The pre-service
teachers were all from the disadvantaged black community who had come through
three of the four academic years of the teacher qualification degree (B.Ed.) for teach-
ing in secondary schools. The participants had received teaching on electrochemistry
content knowledge in a separate but parallel content course before being exposed to
the intervention described below.

Topic-Specific PCK Intervention

The intervention offered in the physical science course had been implemented and
well documented in several other studies (Huang, Lubin, & Ge, 2011) prior to this
study, thus offering a standardised sequence of events. In summary, the intervention
introduces the idea of pedagogical transformation as the key activity in the process of
pedagogical reasoning that science teachers do (Shulman, 1987). Topic-specific PCK
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is then introduced as the teacher knowledge that enables pedagogical transformation
of the science content knowledge of topics. The five components of topic-specific
PCK (Mavhunga & Rollnick, 2013) are viewed as working together in a coherent
interaction to enable formulation of effective explanations. Pre-service teachers are
provided with an opportunity to learn to reason through the science content of the
topic from the perspective of each component and its interaction with others. The
discussion unfolds over a period of 6 weeks with 3-hour periods in a week.

Data Collection

Several types of data were collected with the intent to illuminate the development of
the pre-service teachers’ pPCK at a topic level in electrochemistry. For the study, a
specially designed PCK tool in electrochemistry was administered before and after
the intervention to the whole class as pre- and post-tests. Tutorial work collected
during the intervention served as additional data resources. The PCK tool is designed
to measure the quality of pre-service teachers’ pPCK at a topic level, against the
collective understanding of PCK for teaching electrochemistry, which is within the
cPCK realm. The tool is structured into five categories based on the five content-
specific knowledge components of topic-specific PCK, respectively. Each category
has 2–4 test items, which are teacher tasks seeking teacher responses. An extract of
a test item on the component of learner prior knowledge is provided in Fig. 5.3.

Analysis

Data analysis was done in two parts. The first analysis considered the whole class as a
sample and focused on establishing any shifts in the quality of their pPCK at a topic-
specific level in electrochemistry as a direct result of the intervention by comparing
the responses in the pre- and post-tests. This analysis served as a baseline from
which to analyse the main research question on factors that promoted or hindered
the development of pre-service teachers’ personal PCK in electrochemistry. For this
purpose, a criterion-based rubric with four categories of increasing quality of topic-
specific PCK in electrochemistry (Mavhunga&Rollnick, 2013)was used to grade the
written responses from the completed PCK tools (see Fig. 5.4 for an extract). The key
strength of the rubric lies in the nature of the criteria in each progressive category of
quality in the rubric. The criteria called for evidenceof increasingpersonal knowledge
of each topic-specific PCK component as well as its increasing interaction with other
components in a provided teacher response, thus measuring the pre-service teachers’
pPCK at topic level. The full rubric is provided on request.

The second analysis was in relation to the main research question, seeking to
illuminate the development of pPCK at a topic-specific level in electrochemistry by
exposing factors that promoted or hindered such development. For this purpose, a
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Fig. 5.3 An extract of one of the test items on learner prior knowledge

Fig. 5.4 An extract of the topic-specific PCK rubric showing criteria for scoring learner prior
knowledge

subset sample of three pre-service teacherswas assembledbypickingout a participant
from the varied performance categories that emerged from the first analysis on shifts
in PCK for electrochemistry. Further details on this selective process are provided
in the findings section below. An in-depth qualitative analysis of their responses to
particular teacher tasks items in the tool that demanded extensive explanations from
the participants was conducted. Such responses were readily found from test items
located within the topic-specific PCK components of learner prior knowledge, cur-
ricular saliency and representations. The responses across the three participants were
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analysed for similarities, differences and utterances reflecting factors contributing or
impeding gains in topic-specific PCK. Emerging themes, within the findings from
each case participant, were triangulated by identifying converging lines of evidence
from the collected tutorials during the intervention (Patton, 2002). The tutorials pro-
vided insight of developing knowledge in each of the topic-specific components as
they were discussed during the intervention.

Findings

Table 5.1 presents pre(post)-PCK scores from the completed tools measuring the
quality of pPCK at a topic-specific level in electrochemistry. The names of the topic-
specific PCK components were abbreviated for ease of reference as LPK—learner
prior knowledge; CS—curricular saliency; WID—what is difficult to understand;
RP—representations and CTS—conceptual teaching strategies.

Table 5.1 Overview shifts in the pre(post)-pPCK scores in electrochemistry

Pre-service teacher LPK CS WID REP CTS Person average

Jessie 2(4) 2(4) 2(3) 1(4) 1(3) 2(4)

Oumah 2(4) 1(3) 1(3) 2(4) 2(4) 2(4)

Annah 2(4) 1(3) 1(3) 2(3) 1(3) 1(3)

Bongi 1(3) 1(3) 1(2) 2(3) 1(3) 1(3)

Ludo 1(3) 1(3) 1(3) 2(2) 1(3) 1(3)

Imani 1(3) 2(2) 1(3) 1(4) 2(3) 1(3)

Khosi 2(3) 1(3) 1(3) 2(4) 1(3) 1(3)

Musa 1(3) 2(3) 1(2) 2(3) 1(3) 1(3)

Thulani 1(2) 2(3) 1(3) 1(2) 1(3) 1(3)

Ncebo 1(2) 2(3) 1(3) 2(3) 1(2) 1(3)

Sipho 1(2) 1(3) 2(2) 1(2) 1(1) 1(2)

Masekgo 2(2) 2(3) 1(2) 1(2) 1(1) 1(2)

Danisile 1(2) 1(2) 1(2) 2(2) 2(2) 1(2)

Vumani 1(2) 2(2) 1(1) 1(2) 1(1) 1(2)

Thabo 1(1) 2(2) 1(2) 1(2) 1(1) 1(2)

Xoli 1(1) 1(2) 1(2) 1(2) 1(1) 1(2)

Average scores per
component

1(3) 1(3) 1(3) 2(3) 1(2) 1(3)

Overall Average 1(3)

Notes: Pseudonyms have been used to protect the identity of the participants. Scores in brackets are
from the post-pPCK test for the electrochemistry topic
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When comparing the pre(post)-intervention scores in Table 5.1, it is noticed that
a positive gain in the quality of pPCK, at a topic level in electrochemistry, was
experienced by all the participants as a result of the intervention. The extent of the
gain, however, was found to be a stratified pattern showing the majority (10 out
of 16) of the pre-service teachers registering a gain by two categories, where two
of these (Jessie and Oumah) jumped from a ‘basic’ to the ‘exemplary’ category as
per the rubric and the rest jumped from the ‘limited’ to the ‘developing’ category.
The minority (6 of the 16) of the pre-service teachers registered a single category
gain (from the ‘limited’ to ‘basic’ category). Pre-service teachers who experienced
the single category improvement ‘limited’ to a ‘basic’ were, however, still in the
lower quality levels of the PCK rubric for this topic. All the pre-service teachers
were seen to have made more gain in three topic-specific PCK components: learner
prior knowledge, curricular saliency and what is difficult to understand, and a lesser
gain in the other two topic-specific PCK components: representations and conceptual
teaching strategies. These findings point to the ease and ready interactive use of three
of the five components by the teachers in formulating their explanations or responses.
The performance patterns described above are similar to those in previously reported
findings (Davidowitz & Potgieter, 2016) that pointed to an overall improvement in
the quality of PCK at topic level to the maximum quality category in the rubric of
‘developing’, as a result of the explicit intervention.

The identification of factors affecting the development of pPCK at a topic-specific
level in electrochemistry, as mentioned earlier, was based on a sub-sample comprised
of three pre-service teachers selected purposefully from the ‘exemplary’ (Jessie), the
‘developing’ (Annah) and the ‘basic’ (Sipho) post-intervention scoring groups. Fac-
tors that assisted the development of pPCK at topic level and those that hinderedwere
considered to be elements present or lacking in the sub-sample’s written responses.
The findings revealed three salient factors as influencing the developmental path
towards pPCK at a topic-specific level. These are: (i) a developing competence to
visualise a conceptual topic structure for teaching andpersonal beliefs, (ii) developing
teacher identification competence beyond the source of learner doubt or misconcep-
tion into connections and disconnections in understanding, and (iii) the competence
to interweave representations into a transparent topic structure seamlessly. These
factors are presented and explained in detail below.

Visualising a Topic Structure for Teaching and Personal
Beliefs

The production of electrical energy from chemical reactions and vice versa is con-
sidered in the field as one of the key concepts to be taught in electrochemistry (cPCK
for the topic). The responses of all three participants in the pretest showed an accu-
rate understanding of this knowledge. However, the rest of their suggestions were
a mixture of what could be considered as subordinate concepts in electrochemistry.
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Examples of such instances include Jessie’s comment ‘ions carry charge in solu-
tion’, which is an element of a more central concept on charge neutrality in a cell. An
example of a subordinate concept offered by Annah as a core concept is ‘calculation
of cell potential’, which is an algorithmic element related to the more central concept
of oxidation/reduction half-reactions at the electrodes.

However, the first improvement was noticed in the extracts shown in Fig. 5.5
drawn from the responses in the tutorial on curricular saliency collected during the
intervention. The activity in the tutorial requested pre-service teachers to draw a
concept map reflecting statements of meaning they were to derive from most core
concepts in electrochemistry. These would be similar to the concept of ‘big ideas’
introduced by Loughran et al. (2004) in tools capturing topic-specific PCK called
Content Representations (CoRes).

All three pre-service teachers unanimously retained the reference to the rela-
tionship between chemical and electrical energy seen in the pretest. Both Jessie
and Annah further referred to redox reactions as a core idea, thus making all their
suggestions fit the requirement for the identification of concepts whose meaning is
considered core teaching in the topic. Sipho’s second example remained broad citing
links to real examples.

In the post-intervention topic-specific PCK test, Jessie retained the reference to
the core concept of the chemical/electrical relationship. In addition, and different to
her pretest, reference was made to the more embodying concept of cell neutrality as
a core concept to be taught (see Fig. 5.6).

In her reasoning, Jessie made explicit suggestions about how the listed statements
of understanding on core concepts in the topic linked to related subordinate ideas,
as seen in her statement

learners need to understand that ions carry charges through the solution. These ionic flows
maintain cell neutrality.

Her reasons reflected her description of how each of the concepts in the sequence
allowed discussion of specific subordinate concepts like half-reactions. Furthermore,
they reflected how the sequence allowed a strategically timed discussion on salt
bridges to show its need (fit), and its links to core concepts like cell neutrality. Simi-
larly, Annah’s response had shifted frommere listing of pieces of content knowledge
of the topic, such as calculations of potential cell, to building or visioning the struc-

Fig. 5.5 Extracts of concept maps drawn from a tutorial
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Fig. 5.6 Jessie’s post-test extract on curricular saliency

Fig. 5.7 Annah’s post-test extract on curricular saliency

ture of a topic based on most core concepts. For example, she mentioned oxidation
and reduction happening simultaneously at the respective electrodes (see Fig. 5.7)
and her rationale made reference to the need for learners to see the big picture in
a topic. While Annah’s response is, however, short of clear links between the core
concepts and their specific subordinate concepts, it is different to her pretest in that
her rationale for sequencing was found to be sound.

Sipho’s list of core concepts (see Fig. 5.8) remained similar to that in his pretest
without any evidence of a developing vision for the network of connections between
the core concepts and their corresponding subordinate ideas.
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Fig. 5.8 Sipho’s post-test extract on curricular saliency

His response also identified the reciprocal relationship between chemical and
electrical energies as the fundamental important concept in electrochemistry. His
inclusion of the uses of electrochemistry in everyday life as a core concept remained
broad, while his reasons lacked the needed rationale with specific uses linked to the
specific concepts to be taught.

The key difference in the responses, across the three responses, lies in the observed
differentiated extent of success in visioning content structure that highlights the core
concepts to be taught in the topic, that is, seeing a topic structure that is sequenced
to show the core and subordinate concepts from the perspective of teaching and
learning. Such a vision is important in the development of pPCK in the topic as it
confirms absorption, or not, of important features of the shared knowledge for teach-
ing the topic presented and discussed in the course as cPCK in electrochemistry. The
responses provided by the three pre-service teachers reflect the differentiated extent
of their developing pPCK in the topic. Sipho’s personal belief about the importance
of explicit links of topic content knowledge to real-life examples was evident in his
vision of the content structure. The belief is observed in 5.5 and 5.8 where his inclu-
sion of this view is placed in the same level of consideration (i.e. amplified) as the
key core concepts of the topic.

Developing Teacher Identification Beyond Learners’ Doubt:
Seeing Connections and Disconnections

The analysis identifying this factor was based on the responses the pre-service teach-
ers provided for a test item that required a teacher to provide an explanation to a
learner who expressed doubt in her understanding about the oxidation/reduction at
the different electrodes across the two kinds of electrochemistry cells. The responses
provided by all three respective participants in the pre-intervention topic-specific
PCK tool reflected good conceptual understanding of the concepts, as they could
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all affirm accurate content knowledge to the learner in response to her question.
Their confirmations are however visibly brief, all starting with a direct confirma-
tion, e.g. Jessie, Yes, your understanding is correct; or Sipho, Yes, you are right.
During the intervention in a class tutorial, the pre-service teachers were asked to
describe their thoughts about the source of the problem expressed by the learner in
the same test item. The responses from the sub-sample reflected striking differences.
Jessie and Annah interestingly described the learner’s problem as situated within
the oxidation/reduction processes and the naming of the anode/cathode electrodes
accordingly. For example, Jessie’s comment:

I think the fog in the learner’s understanding is about connecting the processes of oxidation
and reduction to respective electrodes by name, and their charge signage across the different
electrochemical cells.

On the other hand, Sipho’s response simply focussed on a single concept, the
signage of the electrodes, as shown.

The learner is confused about signage of the electrodes in the electrolytic cell

In the post-intervention topic-specific PCK test, the participants’ response con-
tinued to reflect correct understanding of content knowledge on electrochemistry
cells; however, the response differed in depth and the emphasis in their explanations.
Jessie and Annah’s response demonstrated an explicit awareness of the need to draw
the learner’s attention to the importance of understanding the oxidation/reduction
processes as a major concept in both galvanic and electrolytic cells. For example,
Jessie’s response:

Themost important concept is the location of the loss or gain for electrons. The loss is known
as oxidation and gain as reduction. In both the galvanic and electrolytic cells, oxidation takes
place at the anode, while reduction always takes place at the cathode. Note the difference in
the signage of the anode and cathode across the different cells, they are only due to signage
of the terminals of the battery.

Jessie’s response interestingly provided descriptions of both these processes with
reference to the gain and loss of electrons, and affirmation of the consistency of their
location indicated by the use of the word always in the above example. Annah’s
response in 5.9 similarly provided descriptions of the oxidation process with ref-
erence to ‘loss’ of electrons at the anode and also affirmed the consistency of its
location at the anode. She further added the use of a representation that displayed
electrons movement at both electrodes. Her response, as shown in Fig. 5.9, demon-
strated a dynamic interaction among the learner prior knowledge and representations
components of her pPCK in electrochemistry. However, Annah’s description is pro-
vided only for one electrode, leaving the learner to work out the second electrode
(cathode).

Both Jessie and Annah ranked the issue of the signage of the electrodes as low
priority in the rank order of what is important to understand in the topic. Annah added
the importance of establishing conceptual understanding versus memorisation as a
more desirable way of learning science. In contrast, the response by Sipho has a
selective focus on the issue of signage of the electrodes. For example, he suggests:
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Fig. 5.9 Annah’s post-test
extract on learner prior
knowledge

In an electrolytic cell the anode is connected to the positive terminal of the electrical source
and therefore will have a positive charge. Oxidation still takes place at the anode

Furthermore, Sipho mentions the process of oxidation without reference to loss
or gain of electrons, and the explanation is placed at the end of the description as an
affirmation of the consistency of the location of oxidation at the anode.

The key difference across these three responses is the extent to which the pro-
cess of analysis of learner’s doubt occurred. The degree of analysis influenced the
varying depth of coverage and the location of emphasis in the respective teacher
responses. Both responses from Jessie and Annah demonstrated awareness of the
learner’s problem, but went beyond the source to interpret the learner’s conceptual
doubt in terms of connections and disconnections to the most important concepts.
Sipho’s response on the other hand, while also accurate, is limited as it lacked depth
in making connections to the main concept of oxidation and reduction in each cell.
An analysis that identified the source of learner’s doubt and stopped there seems
to have resulted in a brief isolated response with no acknowledgement of the con-
nections or disconnections to the most core concepts to be understood (curricular
saliency). However, an analysis that identified the source of the learner’s doubt and
went beyond to interpret it, in terms of connections and disconnections in the learners
understanding, influenced the depth and the visibility of the location of emphasis in
the provided explanations, which is a signal of a developing pPCK at the topic level.

The Use of Representations Interactively with Other
Topic-Specific PCK Components

This test item required the pre-service teachers to choose a representation from a
provided list and show how they would use it in teaching the concepts in the topic.
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In the pre-intervention topic-specific PCK test, Jessie and Annah chose the same
representation (2) that has a potential to explain concepts at a sub-microscopic level;
see Fig. 5.10.

Sipho chose a simplistic representation with less sub-microscopic detail but
presents both electrochemistry cells at the same time. All three participants, despite
their choice, referred to a simplistic use of the representation in a lesson, with a focus
placed more on the description of the representation than the targeted concepts. For
example, Sipho responded: I will use the simple representation not to confuse learn-
ers and explain each component. Jessie also had a similar response as shown in her
extract:

I will use the galvanic cell representation and explain the components of the representation.
Then introduce the representation for electrolytic cell and do the same.

In the class tutorial during the intervention, Jessie andAnnah indicate a developing
consideration for sequence and timing, as well as being strategic in their use of
a representation, specifically the introduction of the different levels (macroscopic,
symbolic and sub-microscopic). For example, Annah said:

It is important for learners to be familiar with the representation use. I think one should be
strategic about when to introduce the different levels, especially macroscopic.

In contrast, during his tutorial Sipho showed little ability to consider different
aspects, other than using a representation to establish a big picture and retaining a
linear sequence where the representation is presented first with little interaction with
content. In the post-intervention topic-specific PCK test for electrochemistry, Jessie’s
description reflected a considerable shift from her pre-intervention statement. She
refers to a stepwise sequence for introducing different levels of the representation
interactively with specific concepts. She first suggested a physical demonstration,
which would be a macroscopic presentation of the concepts, and then increasingly

Fig. 5.10 Typical representation used by Jessie and Annah
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scaffolded learner understanding with interactive use of different levels of the rep-
resentation with specific concepts. For example, she suggested the use of symbolic
representations to follow her explanation of the oxidation and reduction half-cell
reactions. These were preceded by an explanation of how electrons flow through the
cell. See Jessie’s extract:

After setting up the physical demonstration of a galvanic cell, I will use the representation
to explain how electrons flow, while not showing the electrode extrapolations and signage.
I will symbolically explain the electrode oxidation and reduction using half-cell reactions,
after which I will then show the electrodes microscopic insert. I will then discuss the use of
the salt bridge, and learners can set the see the symbolic representations of the salt bridge. I
will conclude by explaining the cell as a whole entity.

Jessie provided insights into her deliberate decision not to discuss a specific com-
ponent of her representation, leaving it out of her teaching sequence at a certain
point, then picking it up again later and emphasising it by visibly linking it to the
introduction of a specific subordinate concept—half-reactions. Annah’s extract seen
below, although less detailed than Jessie’s, reflected a similar understanding of the
value of the interactive use of representations of the same concept that are at dif-
ferent macroscopic/microscopic levels and placed strategically at different points of
her explanations.

I would first show learners the real-set up, and let then engage with it. Then I would explain it
in more detail using the schematic part, leaving out the microscopic representations. I would
add the label lines and explain terminology. Finally, I would then introduce the microscopic
view.

Jessie and Annah’s demonstration of the strategic interactive use of the compo-
nents of topic-specific PCK, when planning to teach the topic of electrochemistry,
indicates the beneficial extent of their ePCK at a topic-specific level in planning.
As alluded to earlier, their ePCK in the topic is drawn from their pPCK in the topic
learned during the structured methodology course that taught cPCK in electrochem-
istry. On the other hand, Sipho retained his thinking from his learning experiences
during the intervention, applying it to his planning where he decided to first provide
learners with explanations of all the components in the representation of both gal-
vanic and electrochemical cells, then followed by explanations of the charges at the
electrodes as shown below.

I will then indicate all the components and charges of the electrode. I will then be able to
explain how each cell operates

His post-intervention extract, however, lacked insight into how those explanations
could be constructed. The key difference between the three pre-service teachers was
in their developing ability to use representations strategically and interactively with
other topic-specific PCK components, which is the key evidence of the presence of
desirable quality of ePCK.
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Discussion and Conclusion

Twomajor purposes were cited at the beginning of this chapter. The first was aligned
to the collective objective of this book to demonstrate the use of the RCM in empirical
studies of PCK. This chapter aimed at contributing to this objective by articulating
the position of topic-specific PCK as a grain size in the continuum of PCK found
within the three realms of PCK, namely ePCK, pPCK and ePCK. A discussion that
revisited the conceptualisation of topic-specific PCK from previous separate studies
was undertaken to provide a rationale behind the suggested composition of topic-
specific PCK with five content-specific components. As with PCK, Mavhunga and
Rollnick (2013) argued that PCK at the topic level offers the key benefit of providing
a means for pedagogically transforming the content knowledge of a specific topic to
versions that are accessible for learner understanding. The interactions among the
content-specific components of topic-specific PCK are regarded as the key emphasis
in pre-service programmes along with developing knowledge of the individual com-
ponents (Aydin et al., 2014a). It is important to note that the suggested description
of content-specific components of PCK in this chapter is not conclusive, but offers
a reasoned starting point for further research work on the construct, and more excit-
ingly in conceptualising the other grain size PCK constructs such as discipline- and
concept-specific PCK.

The second purpose of this chapter was to demonstrate through an existing empiri-
cal study how the development of topic-specific PCK could also be tracked across the
collective–personal–enacted realms of PCK as depicted in the RCM. It was shown
in this particular study how pre-service teachers drew from a course based on col-
lective knowledge (cPCK) for teaching the topic to develop their pPCK and ePCK
in the topic, and the findings indicated that all 16 participating pre-service teach-
ers exposed to the intervention experienced some improvement in their quality of
pPCK in the topic. Their improvement was, however, at differentiated extents despite
having experienced the same intervention. This differentiated development of their
pPCK was influenced by factors mentioned below.

The pre-service teachers were required to draw on their differentiated topic-
specific pPCK to demonstrate their ePCK in planning for teaching the topic. It was at
this point that factors amplifying or filtering the development of their pPCK for the
electrochemistry topic were visible in three of the five components of topic-specific
PCK, namely curricular saliency, learner prior knowledge and representations. Per-
sonal beliefs emerged as a hindering factor or filter for Sipho when structuring the
topic through identification of core concepts. His beliefs about linking concepts to
real-life examples saw him place this view at the same level as core concepts. This
outcome had the effect of blurring evidence of his ability to identify the core concepts
in the specific topic as his statements were very broad. The next factor identified as
influencing the development of pPCK at the topic-specific level was the ability to
read beyond learners’ misconceptions and to identify connections and disconnec-
tions with the core concepts considered most important for understanding in a topic.
This ability was seen to promote or amplify the depth and the placement of emphasis
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in the teacher’s responses to teaching tasks in the topic of electrochemistry. Lastly,
the emergence of a seamless and interactive use of the content-specific components
of topic-specific PCK in the use of the component of representations by several of
the pre-service teachers illustrated desirable and sophisticated ePCK in planning, i.e.
amplified ePCK development. Both Jessie and Annah demonstrated interactive use
of the curricular saliency and what is difficult to understand components in their use
of representations. While it is acknowledged that such an exemplary level of ePCK
in the topic was not seen in all the pre-service teachers, the value of organising and
implementing cPCK for pPCK and ePCK development topic by topic in pre-service
teachers is promising.

The acknowledgement of the multidimensional nature of PCK in the RCM chal-
lenges science educators to break away from ambiguous references to PCK. It chal-
lenges us to speak with specificity of the grain size and the realm of PCK being
explored. Such clarity allows the reader and the science education community at large
to establish and pinpoint the extent and the limitations of the professional knowledge
developed at given times. This study had a limitation in that it focused only on the
development of ePCK in planning for a specific topic, thereby excluding experiences
in actual teaching and reflection. On the other hand, the acknowledgement of such
gaps indicates the next steps for progressive research in the field.
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Chapter 6
The Development of Science Teachers’
Professional Competence

Stefan Sorge, Anita Stender, and Knut Neumann

Abstract On re-examining some of our earlier research into secondary science
teachers’ PCK, as we reposition this work within the Refined Consensus Model
(RCM) of PCK, we uncover the RCM is not only a model of PCK. We argue the
RCM is also a model of science teachers’ professional competence and its devel-
opment since the model identifies other elements of science teachers’ professional
competence, including the role played by broader knowledge bases as well as ampli-
fiers and filters moderating exchanges between knowledge bases. To support our
argument, in this chapter, we utilise data from two earlier studies that investigated
exchanges between knowledge bases as secondary science teachers develop profes-
sional competence. Re-examining this data through the interpretive lens of the RCM,
the first study utilised paper–pencil-tests that assessed pre-service physics teachers’
content knowledge (CK), collective PCK (cPCK) and pedagogical knowledge (PK).
The analyses reveal a stronger correlation between PK and cPCK in the first half
and stronger correlation between CK and cPCK in the second half of teacher educa-
tion. Again from a RCM perspective, the second study used the same instrument
to assess cPCK, plus instructional planning vignettes to assess physics teachers’
personal/enacted PCK (pPCK/ePCK) and standardised paper–pencil questionnaires
to examine selected amplifiers and filters. The results suggest an increased influ-
ence of cPCK on pPCK/ePCK for more experienced physics teachers, moderated
by motivational orientations. This retrospective treatment of earlier research data
reveals, as the RCM implies, the development of cPCK is informed by broader
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professional knowledge bases, whereas cPCK plays a major role in the development
of pPCK/ePCK.

Introduction

The expectations teachers are confrontedwith in their professional lives aremanifold.
Teachers are expected, for example, to organise learning opportunities that support
students in developing competence in domains such as science (National Research
Council [NRC], 2014), to develop a collaborative relationship with their colleagues
(Darling-Hammond et al., 2005) or to counsel parents effectively (Hertel, Bruder,
Jude and Steinert, 2013). In order to meet these expectations, teachers require a
broad spectrum of knowledge and skills, as well as motivational orientations and
beliefs. The knowledge and skills, as well as the motivational orientations and beliefs
needed to successfully act in their professional lives, is what constitutes teachers’
professional competence (see Baumert and Kunter, 2013; Weinert, 2001).

There has been amultitude of efforts to describe the different elements of teachers’
professional competence, how they develop andhow they play out in teachers’ profes-
sional lives (for an overview see Abell, 2007 or Fischer, Borowski, and Tepner,
2012). One of the most influential has been Shulman’s (1986) proposal of peda-
gogical content knowledge (PCK) as the unique province of teachers lying between
subject matter or content knowledge (CK) and general pedagogical knowledge (PK).
This triplet of professional knowledge bases has served as a theoretical framework in
many different studies investigating science teachers’ professional competence (e.g.,
Kirschner, Borowski, Fischer, Gess-Newsome and von Aufschnaiter, 2016), how it
develops (e.g. Rollnick, 2017) or how it plays out in teaching (e.g., Park, Jang, Chen
and Jung, 2011). However, the knowledge base of PCK has been subject to varying
conceptualisations (e.g., Kind, 2009). In the field of science teacher education and
research, the Refined Consensus Model (RCM) of PCK, presented in Chap. 2, repre-
sents the latest and most elaborate effort in proposing a unified model of science
teachers’ professional competence. The model incorporates three distinct conceptu-
alisations (realms) of PCK: the specialised professional knowledge of a teacher of
science that he/she shares with multiple other professionals in the field and develops
outside of his/her own classroom in formal science teacher education or profes-
sional development courses—such knowledge is derived from the collective canon-
ical knowledge of science education (collective or cPCK); the personalised profes-
sional knowledge and skills related to an individual science teacher’s classroom
context (personal or pPCK); and the unique subset of knowledge and skills that a
teacher of science draws on and uses to engage in pedagogical reasoning and actions
during the planning of, teaching of and reflecting on a specific lesson (enacted or
ePCK). The RCM also recognises that broader professional knowledge bases, such
as CK and PK, are foundational to the development of these three realms of PCK.
Furthermore, the RCM highlights the relevance of different amplifiers and filters,
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such as motivational orientations, to exchange between the three realms of PCK as
teachers of science develop professional competence throughout their careers.

The purpose of this chapter in re-examining data from two previous studies on
physics teachers’ professional competence (namely Sorge, Kröger, Petersen and
Neumann, 2017 and Stender, Brückmacnn and Neumann, 2017) was to learn more
about the exchanges between the broader professional knowledge bases and the three
realmsofPCK.More specifically,wewill analyse the data to obtain information about
(a) the relationship between CK, PK and cPCK at different stages of physics teacher
education and thus the role of CK and PK in the development of cPCK, and (b) the
relationship between teachers’ cPCK in physics and their pPCK/ePCK at different
stages of teachers’ professional career and thus the role of cPCK in the development
of pPCK/ePCK.

Teachers’ Professional Competence and Its Development
in Science

The RCM depicts science teachers’ professional competence as a series of inter-
dependent knowledge bases that teachers develop throughout their career and draw
on in their planning, performance and reflection of instruction (see Chap. 2). In
the model, the outer rim of teacher professional competence in science comprises
five broader professional knowledge bases other than PCK: pedagogical knowledge
(PK), knowledge of students, curricular knowledge, assessment knowledge and,most
importantly, content knowledge (CK). However, the inner three realms of PCK form
the core of teacher professional competence in science. The RCM arranges these
three realms on a continuum from publicly shared PCK of a group of professionals
in science teaching to privately held knowledge of an individual science teacher.
The most public realm of PCK is named collective PCK (cPCK) as it represents the
knowledge related to teaching a particular science subject, topic or concept shared
amongst a group of professionals (e.g. teachers, teacher educators and teacher educa-
tion researchers). Such knowledge is generated through science education research or
best practice examples developed or approved by a professional community (see the
idea of topic specific professional knowledge [TSPK] inGess-Newsome, 2015). That
is, to our understanding, canonical knowledge communicated in teacher education
or professionalisation. An individual teachers’ cPCK in science is his/her knowledge
of this canonical knowledge that is not derived from but potentially reinforced by
his/her own teaching experiences. The realm that represents more private knowledge
situated in the classroom context is personal PCK (pPCK), which is the cumulative
knowledge and skills of an individual teacher of science that reflects the teacher’s
own teaching and learning experiences. The most private realm of PCK, the very
core of teacher professional competence, is enacted PCK (ePCK)—the knowledge
and skills used by an individual teacher of science in a specific context for specific
students to achieve a specific goal (for details see Chap. 2).
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The RCM goes beyond other models of teachers’ professional competence (e.g.,
Baumert andKunter, 2013) in specifying the relationship between the broader profes-
sional knowledge bases and teachers’ PCK in science and amongst the three realms
of PCK as one of exchange. For example, the RCM identifies an exchange between
the broader professional knowledge bases and cPCK, which is a relationship that has
been repeatedly confirmed by previous research (e.g., Baumert and Kunter, 2013;
Großschedl, Harms, Kleickmann and Glowinski, 2015; Kirschner et al., 2016; Riese
and Reinhold, 2010). Kirschner et al. (2016), for example, report a medium corre-
lation between CK and (c)PCK and a small correlation between PK and (c)PCK in
investigations of physics teachers’ professional knowledge. However, according to
Chap. 2, the exchange between the broader professional knowledge bases and cPCK
in science should be ongoing throughout a teacher’s professional career. Yet, there is
little research on how the relationship between the broader professional knowledge
bases changes as science teachers’ professional competence develops (for an excep-
tion, see Krauss et al., 2008). The RCM also assumes an exchange between cPCK
and pPCK and ePCK. That is, pPCK plays an important role in the RCM as it medi-
ates exchanges with cPCK as well as ePCK (e.g., Alonzo, Berry and Nilsson, 2018).
However, little is known about the relationship between science teachers’ cPCK
and their pPCK/ePCK. Last but not least, the RCM assumes exchange between the
professional knowledge bases (i.e., the broader professional knowledge bases and
the three realms of PCK) to be moderated by so-called amplifiers and filters. These
amplifiers and filters include goals, beliefs and values, motivational orientations and
self-regulatory skills (Woolfolk-Hoy, Davis and Pape, 2006). However, evidence
about the role of individual amplifiers and filters in the exchange between profes-
sional knowledge base as teachers of science develop professional competence is
largely missing.

The development of teachers’ professional competence spans their whole profes-
sional life. Kunter, Kleickmann, Klusmann and Richter (2013a) accordingly distin-
guish teachers’ learning opportunities in three categories: school education, teacher
education and professional experience. The effects of the respective learning oppor-
tunities on the development of professional competence are mediated by teachers
use (i.e., uptake) of learning opportunities according to their personal character-
istics and dependent on the learning context (i.e., the teacher education system).
We can, however, generally assume that students develop initial knowledge with
respect to several professional knowledge bases during school education, where
future teachers develop, for example, initial content knowledge (e.g., Sadler and Tai,
2001), and likely also some naïve intuitive PCK that they might fall back on during
their teaching career (Lortie, 1975). In secondary science teacher education (since
pre-service teachers attend classes in the subjects, general pedagogy and subject
education) teachers should develop knowledge in the area of the broader professional
knowledge bases as well as cPCK in science (see Chap. 2). However, there may also
be possibilities to develop pPCKand ePCK for science teaching through the planning,
performance and reflection of instruction in school practicums. The scope of possi-
bilities, however, varies considerably across teacher education systems (Pedersen,
Isozaki and Hirano, 2017). In-service teachers have possibilities to plan, teach and
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reflect every day, to the effect that with increasing professional experience, in-service
teachers develop more extensive pPCK and ePCK. Since professional development
experiences, again depending on the specifics of the respective education system,
are likely less frequent, teachers often have fewer opportunities to develop their
broader professional knowledge bases as well as their cPCK. Thus, the different foci
of learning opportunities should lead to a differential development of the broader
professional knowledge bases and the three realms of PCK in science throughout a
teacher’s career.

In our research, we set out to learn about the development of secondary science
teacher professional competence throughout their career. More specifically, we were
interested in the relationship of CK and PK as two broader professional knowledge
bases and pre-service physics teachers’ cPCK at different stages of teacher education
and how physics teachers’ cPCK relates to their pPCK/ePCK across different stages
of their career. Based on previous research (e.g., Kirschner et al., 2016; van Driel, de
Jong and Verloop, 2002), we expected future physics teachers’ CK, PK and cPCK
to be related, but we were interested in differences in this relationship at different
stages of science teacher education to derive conclusions about the role of CK and
PK in the development of cPCK. In the same way, we expected physics teachers’
cPCK to be related to their pPCK and ePCK, but we aimed to learn more about the
specifics of this relationship—in particular considering the role of amplifiers and
filters—throughout physics teachers’ professional lives.

The Role of CK and PK in the Development of cPCK
for Physics Teaching

In order to investigate the relationship between content knowledge (CK) and peda-
gogical knowledge (PK), as two broader professional knowledge bases, and the realm
of collective PCK (cPCK) at different stages of science teacher education, we use
data previously collected from a study of pre-service secondary physics teachers at
12 major teacher education universities in Germany (Sorge et al., 2017). Teacher
education in Germany is organised in two stages. The first stage consists of a five-
year pre-service teacher education programme at a university, and the second stage
of a two-year in-service training programme at a school. Pre-service teacher educa-
tion programmes include classes in two subjects (e.g., physics and mathematics),
respective subject education (i.e., physics education and mathematics education)
and educational sciences, but little practical experience (for details, see Neumann,
Härtig, Harms and Parchmann, 2017). That is, by design, the German teacher educa-
tion system can be said to focus on CK, cPCK (viewed as canonical PCK) and
PK.

To ensure that we covered the CK taught in subject courses and the cPCK taught
in subject education courses in their full breadth and depth, we began our instrument
development with an analysis of the curriculum for physics teacher education of 16
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teacher education institutes and an in-depth literature review. Based on the findings
from this analysis, we reviewed existing instruments at the college level. In addition,
we invited experts in physics andphysics education to develop new items.The process
resulted in a pool of items that underwent a pilot study, subsequent expert rating
and a think-aloud study. During the think-aloud study N = 10, pre-service physics
teachers were asked to continuously verbalise their own thoughts as they worked
through selected items. This process allowed us to see if the participants of the study
used relevant strategies to solve the items. Based on the results from the pilot study,
the expert rating and the think-aloud study, we selected 59 CK and 39 cPCK items
for inclusion in the final instrument (for more details, see Sorge et al., 2017). The
CK items covered the following content areas: Mechanics, Electrodynamics, Optics,
Thermodynamics, Solid State Physics, Atomic and Nuclear Physics and Quantum
Mechanics. The cPCK items covered four aspects of PCK identified by Magnusson,
Krajcik and Borko (1999): knowledge about science curriculum, knowledge about
students’ understanding of specific science topics, knowledge about assessment in
science and knowledge about instructional strategies (see also Park andOliver, 2008).
While the majority of the CK items were multiple-choice, 18 of the cPCK items
were open-ended, 15 were multiple-choice and the rest true-false, matching or short-
answer. The open-ended items were scored dichotomously by one rater based on a
detailed coding manual. To ensure reliable scoring, a second rater scored a random
subset of 50 booklets resulting in a good overall inter-rater agreement (κcPCK =
0.73). Figure 6.1 provides a sample item for CK from the area of Mechanics, and
a sample cPCK item assessing knowledge of students’ understanding of Mechanics
(for details on the PK instrument see Hohenstein, Kleickmann, Zimmermann, Köller
and Möller, 2017).

The final test instrument was administered to N = 201 pre-service physics
teachers. Since we had to exclude one participant due to invalid data, we obtained
data from a final sample of N = 200 pre-service physics teachers. The average age of
the participants was 23.7 (SD= 3.0) years, and on average they were enrolled in their
2.9 (SD = 1.3) years of teacher education. To investigate the relationship between
CK, PK and cPCK at different stages of teacher education, we split the sample into
two groups: with three or less years of experience in teacher education (i.e. students
enrolled in a bachelor programme) and students with more than three years of expe-
rience (i.e. students enrolled in a master programme). This way, we obtained one
group of N1 = 91 beginning and N2 = 109 advanced pre-service teachers.

In a first step of analysis, we examined the relationship betweenCK, PK and cPCK
for all participants using structural equation modelling. The results revealed a strong
correlation betweenCKand cPCK (r = 0.78, p<0.001), an equally strong correlation
between cPCK and PK (r = 0.81, p < 0.001) and a considerably smaller correlation
between CK and PK (r = 0.54, p < 0.001). In principle, these results support the
relationships identified in the RCM that the broader professional knowledge bases
CK and PK influence the cPCK of science teachers. The results for the beginning and
more advanced pre-service physics teachers, however, reveal a differential pattern
(see Fig. 6.2). Whereas there is a strong correlation between PK and cPCK for the
beginning pre-service physics teachers, that correlation is substantially lower for the
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Fig. 6.1 Sample items for
content knowledge (CK, top)
and collective pedagogical
content knowledge (cPCK,
bottom)

Different masses are attached to a beam as shown in the picture.

For which value of the mass m is the beam balanced?

2.0 kg
4.5 kg
5.5 kg
6.0 kg
7.8 kg

solve concrete problems. Consider the following situation: A 
small object with mass m moves without friction and constant 
velocity to the right. There are three forces acting on the body, 
two are shown in the figure. You ask your students to draw the 
third force.

What physically incorrect answer would you expect? Draw your 
answer and briefly describe, based on which (incorrect) 
conception a student could have come to this answer.

Fig. 6.2 Relationship
amongst the broader
professional knowledge
bases and cPCK for
beginning/advanced
pre-service teachers.
**p < 0.01, ***p < 0.001

advanced pre-service physics teachers. The advanced pre-service physics teachers,
on the other hand, exhibit a considerably higher correlation between CK and cPCK.
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The Role of Physics Teachers’ cPCK in the Development
of PPCK and EPCK

To obtain insights into the relationship between cPCK and pPCK/ePCK and, more
importantly, the role of different amplifiers and filters in this relationship at different
stages in science teachers’ professional careers, we draw on data from a study
by Stender et al. (2017). This study investigated physics teachers’ collective PCK
(cPCK) utilising items developed as part of the study presented in the previous
section, as well as teachers’ pPCK/ePCK by means of teaching scripts in order to
obtain insights into the role of cPCK for the development of pPCK/ePCK.

In the RCM, science teachers’ cPCK is conceptualised as the specialised knowl-
edge base for teaching that can be articulated and shared amongst professionals
(see Chap. 2), and this realm of PCK may be considered to exist mainly in the
form of propositions (Shulman, 1987, p. 10). Such knowledge is not easily retrieved
for interactive decision-making during instruction (Anderson, 1983; Stender et al.,
2017). Teachers’ pPCK/ePCK, on the contrary, is conceptualised as the knowledge
and skills that a teacher can draw/draws upon and actions during the practice of
teaching science (see Chap. 2). These two realms must therefore be represented in
terms ofmental structures other than propositional ones (Schank andAbelson, 1977).
Shavelson (1986) assumes that parts of such knowledge are stored as teaching scripts
[see also Bishop and Whitfield (1972)]. Teaching scripts can be regarded as mental
representations about students and sequences of events in classroom settings that are
acquired with teaching experience (Bishop and Whitfield, 1972; Borko, Roberts and
Shavelson, 2008; Henze and vanDriel, 2015; Shavelson, 1986). In terms of the RCM,
a single teaching script becomes visible when engaging in the practice of teaching
a group of students in a specific science-teaching situation. The instantiation of a
single teaching script can be understood as parts of a science teacher’s enacted PCK
(ePCK), whereas the cumulative amount of teaching scripts of a science teacher
represents parts of personal PCK (pPCK).

Based on our assumptions of how cPCK and pPCK/ePCK of science teachers are
represented in different knowledge structures, we conceptualised the relationship
between cPCK and pPCK/ePCK as a complex transformation process of proposi-
tional knowledge into procedural knowledge, driven by the process of the planning,
performance and reflection of instruction (for details see Stender et al., 2017). Based
on this conceptualisation, we assumed that a science teacher, when they start to teach
has little pPCK/ePCK and will draw mainly on their cPCK when planning instruc-
tion. Through performance and reflection, elements of the planned instruction are
reinforced—if they worked well in the eyes of the teacher—or adapted—if they
did not. The elements are thus increasingly refined and internalised by the science
teacher; that is, they become teaching scripts. As the reinforcement or refinement
of instructional plans depends on a teacher’s beliefs, motivation and self-regulatory
skills (Shavelson and Stern, 1981; Stender et al., 2017), these dispositions of a teacher
should be expected to play a key role in the development of teaching scripts; that is,
in the transformation of cPCK into pPCK/ePCK, respectively.
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The teaching scripts developed and tested in real classroom situations should
enable experienced science teachers to outperform novice teachers in noticing mean-
ingful instructional details, interpreting them and identifying alternative strategies for
solving problems during instruction (Berliner, 1986; Borko and Livingston, 1989;
Livingston and Borko, 1989). For domains other than teaching, this capability is
based on scripts which are easily retrievable, show high dependency of decisions and
high concreteness (Bransford, Brown and Cocking, 2000). Based on these findings,
we assume that these formal features of teaching scripts (retrievability, dependency
of decisions and concreteness) also predict to what extent teaching scripts enable
teachers to routinely act in teaching situations. However, routine does not neces-
sarily indicate quality instruction. Rather, the teaching scripts should fulfil particular
functional features. For example, appropriateness of decisions to antecedent condi-
tions is shown as a feature-predicting instructional quality (Shavelson and Stern,
1981). Coherence of decisions for instruction is seen as a second feature (Seidel,
Rimmele and Prenzel, 2005). The third feature characterises the potential of the
script to cognitively activate the students during classroom instruction, an aspect
that also has to be considered during lesson planning (Kunter, Klusmann, Baumert,
Richter, Voss and Hachfeld, 2013b; Lipowsky et al., 2009). It is thus assumed that
these three functional features describe whether or not teaching scripts can lead to
high instructional quality.

The activation of (teaching) scripts for teaching in given contexts should be
stimulated by the recognition of typical situations (Rumelhart, 1980; Schank and
Abelson, 1977; Schnotz, 1994). Hence, in order to capture physics teachers’ teaching
scripts, we developed an instrument based on three planning vignettes. Each vignette
presented a task in the planning of a different lesson froma lesson sequence in thefield
of mechanics, more specifically, the introduction of the force concept and Newton’s
laws (9th grade level). Figure 6.3 shows a sample planning vignette.

In order to ensure a certain level of standardisation in the analysis of teachers’
performance on the planning tasks, the teachers were guided through each task by a
series of questions similar to a semi-structured interview. The sequence and selection
of questions depended on teachers’ responses to the actual questions. The flowchart
displayed in Fig. 6.4 shows the adaptivity in the sequence and selection of questions
(for a detailed description, see Stender et al., 2017). In order to achieve this level of
adaptivity and to be able to capture teachers’ responses online, the vignettes were
implemented in an online-survey platform (LimeSurvey Project Team, 2015).

In order to assess the quality of physics teachers’ teaching scripts, we focused on
the formal features (i.e. retrievability, high dependency and concreteness) and func-
tional features (i.e. appropriateness, coherence and activation) of the teaching scripts.
As shown in Fig. 6.4, two different response types were used in our questionnaire:
a closed-response format and an open-response format. To assess the retrievability
and the dependency of decisions, we used the questions 2 and 4a or b with the closed
format and the answer options of ‘yes’ or ‘no’. To assess the concreteness, the appro-
priateness, the coherence and the activation of a teaching script, we used the answer
to the questions with the open-response format (Questions 3a, 7 and 8). The answers
were rated on a scale from ‘does not apply’ (0 points), ‘partially applies’ (1 point),
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Fig. 6.3 Planning vignette for an experimental lesson (Stender et al., 2017)

Fig. 6.4 Flowchart of the questionnaire (Stender et al., 2017)
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‘applies’ (2 points) to the feature. The objectivity of the ratingwas checked by double
coding 20% of the data set. The ordinal-scaled data meant the weighted Kappa and
Spearman’s ρ were computed for inter-rater agreement (Concreteness (κ = 0.64),
appropriateness (κ = 0.71), coherence (κ = 0.66) and activation (κ = 0.66)).
According to Landis and Koch (1977), values of Kappa above 0.75 represent excel-
lent agreement, and values between 0.40 and 0.75 represent fair to good agreement,
suggesting that our instrument allows for a reliable assessment of the quality of a
single teaching script of a physics teacher. The internal consistency of the rating of
the six features across all three vignettes was also found to yield sufficiently high
values (retrievability: α = 0.76; dependency: α = 0.63; concreteness: α = 0.62;
appropriateness: α = 0. 69; coherence: α = 0.62; activation: α = 0.70); suggesting
a reliable assessment of the quality of teaching scripts of a teacher (in the domain
of mechanics). In terms of the RCM, the instrument allows a reliable assessment of
an individual physics teachers’ ePCK (in the case of a single teaching script) and a
physics teacher’s pPCK (across multiple teaching scripts).

In order to examine the exchange between cPCK and pPCK/ePCK, we adminis-
tered the developed instrument together with an instrument utilising items developed
as part of the study presented in the previous section to physics teachers with different
professional experience (n = 51 pre-service physics teachers, n = 48 trainee physics
teachers, n = 26 beginning physics teachers (<10 years of teaching experience), n
= 23 advanced physics teachers (≥10 years of teaching experience). In line with
inherent assumptions of the RCM related to filters and amplifiers, we surveyed the
teachers’ self-efficacy and enthusiasm (Baumert, 2009), constructive beliefs (Seidel,
Prenzel, Duit and Lehrke, 2006) as well as self-regulatory skills (Schwarzer and
Jerusalem, 1999).

Since the development of the quality of teaching scripts underpins an acquisition
of expertise as well as a transformation of science teachers’ cPCK into teaching
scripts (as one facet of pPCK/ePCK), we expected (1) the quality of teaching scripts
to develop with expertise in science teaching and (2) the influence of cPCK on the
quality of teaching scripts to be higher with a higher expertise in science teaching.
In order to test the first expectation, we analysed the quality of teaching scripts
across the different groups of physics teachers using analysis of variances with the
assumption of a linear trend (ANOVA). The results suggested that the formal features
retrievability (F (2134) = 10.71, p < 0.01, ω = 0.24) and dependence (F (2134) =
17.55, p < 0.01, ω = 0.32) and the functional feature activation (F (2117) = 5.87, p
<0.05,ω = 0.18) increasewith experience. For the other features, no such patternwas
observed. In order to test the second expectation,weusedMulti-Group—Partial Least
Square structural equation modelling for the different groups of physics teachers at
different stages of their career (Hair, Hult, Ringle and Sarstedt, 2014). The results
suggested that pre-service physics teachers’ cPCK has no direct impact on the formal
and functional quality of teaching scripts, whereas cPCK of experienced physics
teachers has an impact on the functional quality in terms of coherence and activation
(direct effect: γ = 0.48, p < 0.01, f 2 = 0.07). The influence of cPCK on the
quality of teaching scripts is not only—as assumed—higher with more experience;
it only becomes significant in the group of experienced physics teachers (for details,



162 S. Sorge et al.

see Stender et al., 2017). Based on our theoretical model of the exchange between
science teachers’ cPCK and pPCK/ePCK, an interpretation of this result can be
that the influence of cPCK on the quality of teaching scripts developed over time
through the process of planning, implementing and reflecting of science instruction.
The results also confirm the assumption that motivational aspects and self-regulatory
skills moderate this influence (interaction effect: γ = 0.21, p < 0.01, f 2 = 0.01).
The direct effect of cPCK and the interaction effect of motivational aspects with
cPCK explain together 26% of the variance of the functional quality of teaching
scripts. So, the effect of cPCK on the formal and functional quality of scripts was
higher if the physics teachers additionally had a higher motivation and higher self-
regulatory skills, while, in our study, constructive beliefs had neither a direct nor a
moderating effects (for details see Stender et al., 2017).

Discussion and Conclusion

The Consensus Model (CM) of Teacher Professional Knowledge and Skill including
PCK (Gess-Newsome, 2015) presented an initial attempt to delineate the complexity
of science teachers’ PCKas a construct and to identify other aspects of teacher profes-
sional competence. The RCM aims to address concerns that have been raised and
discussed in the community after publication of the initial CM. Amongst these were
concerns that the initial CM identifies only one specific aspect of science teachers’
professional knowledge as PCK, that is, teachers’ personal PCK. However, there are
other realms of PCK that a teacher of science can possess such as the PCK shared
by a community of professionals, which may be taught in teacher education, or the
PCK driving teachers’ decisions in the classroom, which is a subset of a teachers’
personal PCK only. In the context of science teacher research and education, the
RCM addresses these concerns by distinguishing between three different realms of
PCK—collective PCK (cPCK), personal PCK (pPCK) and enacted PCK (ePCK)
and, in addition, broader professional knowledge bases such as content knowledge
(CK) or pedagogical knowledge (PK). The model envisions these knowledge bases
and the different realms of PCK to be interrelated in a specific way: the broader
knowledge bases are expected to be related via a two-way knowledge exchange to a
teachers’ cPCK in science, which is in turn related to a teachers’ pPCK via a similar
two-way knowledge exchange, and finally the reciprocal relationship between pPCK
and ePCK. Each of these knowledge exchange relationships is moderated or medi-
ated by amplifiers and filters such as teachers’ beliefs, motivational orientations or
self-regulatory skills.

The next step after publication of the RCM is to test out its specific assumptions
and, in particular, obtain further information about the exchanges between knowl-
edge bases as teachers of science develop competence throughout their career—
with the aim to better understand the development and optimise it. In this chapter,
we attempted to test out the model and obtain further insight into the relationship
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between two broader professional knowledge bases, CK and PK and cPCK of pre-
service physics teachers at different stages of teacher education in order to learn
about the role of the broader professional knowledge bases in the development of
cPCK. We also attempted to obtain further insights into the relationship between
cPCK and pPCK/ePCK in order to learn about the role of cPCK in the development
of pPCK/ePCK. To do so, we used data from two studies that we had previously
carried out on physics teachers’ professional competence and its development (e.g.,
Sorge et al., 2017; Stender et al., 2017).

Our analyses confirm the relevance of broader knowledge bases such as CK and
PK for the development of cPCK for science teaching. More specifically, the results
showed that for beginning pre-service physics teachers, cPCK was more strongly
related to PK, whereas for the advanced pre-service physics teachers cPCKwasmore
strongly related to CK. These results suggest that CK plays an increasing role in the
development of pre-service secondary teachers’ cPCK in science as they progress
through the teacher education programme. Our analyses also confirmed an apparent
exchange between physics teachers’ cPCK and pPCK/ePCK. Interestingly, we found
that this exchange seems to be moderated largely by teaching experience as there
was no relationship between cPCK and pPCK/ePCK for the pre-service teachers
(with negligible teaching experience) but a notable relationship for the experienced
teachers. We also found that the relationship is moderated by motivational aspects
and self-regulatory skills, but not by beliefs.

The results are in line with our assumption that through science-teaching expe-
rience (i.e., the planning, performance and reflection of instruction), cPCK is trans-
formed into pPCK/ePCK and that this process depends on aspects of teacher profes-
sional competence other than their knowledge. Our findings suggest that the strong
focus on knowledge in research about science teacher professional competence
should be reconsidered (for further evidence on the important role of motivational
aspects for teacher professional competence, see Keller, Neumann and Fischer, 2017
or Sorge, Keller, Neumann and Möller, 2018).

In summary, our findings support the RCM in science teacher education and
research in that they confirm expected relationships between the broader professional
knowledge bases and cPCK, and the relationship between cPCK and pPCK/ePCK for
science teaching. Furthermore, the comparison of relationships between knowledge
bases across teachers at different stages in their professional career provides some
indications of how teachers develop professional competence. We find CK plays an
increasing role in (the development of) pre-service physics teachers’ cPCK, and we
find the role of cPCK for (the development of) teachers’ pPCK/ePCK to develop
with teachers’ teaching experiences—moderated by motivational aspects and self-
regulatory skills. The nature of our data (i.e. quantitative and cross-sectional) meant
we cannot draw conclusions about the nature or processes of the exchanges between
knowledge bases in the development of teacher professional competence. Further
studies are needed that take a more longitudinal, potentially qualitative approach that
also includes more information about (the actual quality of) learning opportunities.
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Chapter 7
Illustrating and Developing Science
Teachers’ Pedagogical Content
Knowledge Through Learning Study

Rebecca M. Schneider

Abstract Using a teacher educator’s perspective to study pedagogical content
knowledge (PCK) as described in the Refined Consensus Model (RCM) of PCK,
this chapter explores an approach to uncover teacher thinking that is grounded in the
complex work of teaching and learning about teaching. PCK is described in the RCM
as the knowledge that supports science teachers’ pedagogical reasoning during teach-
ing. Stated from a teacher educator’s perspective, PCK is the knowledge used and
developed by science teachers in their teaching practice. The complexity of teach-
ing, however, creates a challenge for researchers and teacher educators interested in
gathering evidence to better understand and document science teachers’ developing
PCK. An approach to supporting science teacher learning that is embedded in the
facets of teaching—planning, enacting, and reflecting—is learning study. Learning
study engages teachers in cycles of describing phenomenon-based tasks, anticipating
students’ ideas, and analysing learning. Each of these phases in the study of learning
draws on science teachers’ pedagogical reasoning in ways that appear to be aligned
with descriptions of collective PCK (cPCK) and distinguishes qualitative differences
between individual teacher’s ePCK. In the context of graduate teacher education, this
chapter describes the potential of learning study to enable researchers and teacher
educators to capture, unpack, and refine our ideas about the features of PCK that
guide science teachers’ thinking within the different facets of their teaching.

Introduction

As a construct that promises to be helpful in describing what science teachers need
to learn, pedagogical content knowledge (PCK) can be an interesting idea for teacher
educators. The challenge has been how to incorporate ideas about PCK into designs
for science teacher education and, in turn, demonstrate teachers’ learning. The work
of the Second (2nd) PCK Summit was to refine our model of PCK in ways that
would better illustrate the group’s thinking and to explore methods of gathering data
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on science teachers’ PCK. How to use this Refined Consensus Model (RCM) of
PCK to frame research that identifies science teachers’ PCK from empirical data
is an interesting challenge for both teacher educators and researchers. The research
work described in this chapter is approached from a teacher educator’s perspective.
The idea is to investigate how PCK, as conceptualised in the RCM,might be useful in
guiding the design of experiences intended for science teachers’ learning while at the
same time illustrating teachers’ PCK. This chapter describes how teacher-developed
learning studies might be an approach to observe teachers’ developing PCK in ways
that can inform our thinking about how to model and research PCK.

Studying PCK in Science Teacher Education

Studying PCK from a teacher educator’s perspective means thinking about PCK as
a tool for describing what teachers need to learn about teaching science. Teaching is
an incredibly complex and dynamic activity that takes time and effort to learn well
(Lampert, 2001). It is a multifaceted activity that involves planning, enacting, and
reflecting around tasks intended for student learning. To support teacher learning,
teacher educators are challenged to design tasks for teachers—preservice and con-
tinuing—that will develop teachers’ thinking about teaching and that document their
progress (Grossman, 2005). A model for science teacher knowledge that represents
the complexity of knowing about science teaching could guide teacher educators in
developing teacher-educative tasks and assessing teacher learning.

The RCMof PCK described in Chap. 2 of this book is a significant step in creating
a model that represents what teachers know about teaching subject matter. Based on
years of thoughtful work and multiple conversations, the refined model represents
the thinking of the participants in the second international summit on PCK. This
model provides a framework in which to situate studies of PCK for science teaching.
The predictive power of the model now needs to be tested, for its ability to be helpful
in describing teachers’ thinking in ways that predict outcomes for students. For
teacher educators, having predictive power means being helpful in designing tasks
that support and assess teachers’ progress in learning about teaching subject matter.
To do this work well, a set of methods for gathering evidence that describes science
teachers’ PCK in meaningful ways is needed.

With this goal in mind, I have been exploring a method to investigate science
teachers’ PCK within a framework of learning about teaching. In teacher education,
PCK is conceptualised as the knowledge of teaching subject matter (in this case,
science) that is used and developed within practice (Feiman-Nemser, 2008). Thus,
tasks intended for teacher learning should engage teachers in the activities of teach-
ing while learning about teaching (Hammerness et al., 2005). It is also important for
teachers to engage in thinking about student learning while learning about teaching
(Sykes, 1999). These outcomes require the development of teacher-educative tasks
that emphasise the studyof student thinking in connectionwith plans, enactments, and
reflections. In other words, teacher-educative tasks should highlight teachers’ peda-
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gogical reasoning behind the act of science teaching. An approach that is embedded
within the complex work of science teaching, with the potential to both develop and
illustrate teachers’ thinking, is learning study.

Learning Study to Support Teacher Learning

Learning study is a recent proposal for supporting teacher learning that builds upon
the well-known lesson study approach to professional development (Cheng & Ling,
2013; Tan &Nashon, 2013). In contrast to lesson study, learning study is not focused
on lesson plans per se, but rather on plans for engaging and uncovering students’
thinking in order to learn about learning (Wood, 2015). It is important to note that
planning is a complex activity of teaching that requires sophisticated thinking across
multiple timeframes from within a class period to across weeks (Calderhead, 1996).
In learning study, teachers focus on the complexity of understanding subject matter
and how students express their thinking. Teachers are asked to select an object of
learning. In other words, teachers select a phenomenon for students to investigate
and develop explanations around. A well-chosen object will lead to explanations
that require and develop subject matter thinking. Learning study requires teachers to
construct complex tasks thatwill enable students to illustrate their thinking inmultiple
ways. Teachers anticipate and then analyse students’ thinking while students develop
and revise the products of their work (e.g., investigation plans or reports, annotated
diagrams or models, written explanations, and oral presentation of reasoning). In
this way, learning study illustrates what teachers know and are learning about their
students’ interactions with subject matter ideas. By embedding the study of PCK
within tasks for science teacher learning, researchers can get closer to uncovering
the reasoning that illustrates teachers’ developing PCK.

Learning Study and PCK for Science Teaching

Learning study and PCK are approaches to understanding the development of teacher
knowledge and skills that are both squarely situated with the practice of teaching. It
is reasonable to think that by engaging in the structured study of science learning,
science teachers will use and develop PCK. And like teaching science, the processes
of studying learning and developing PCK are both dynamic and complex. The RCM
attempts to untangle this complexity for PCK by describing three realms of PCK
from the professional knowledge of a community of science teachers and educators,
to that of an individual teacher, to the ideas used to inform and the actions taken in
an instance of teaching (see Chap. 2). In a parallel fashion, learning study is framed
by the professional community’s knowledge of teaching and aims to develop each
teacher’s ideas in ways that will enable him or her to skilfully teach in specific cases.
The RCM also describes the interplay of levels of PCK in ways that align with
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the dynamic work of studying learning. Teachers necessarily engage in planning,
enacting, and reflecting with a particular setting, student(s), and learning goals in
mind in order to add to their own understanding, which can in turn contribute to the
community’s understanding of science learning and teaching. The next step in this
line of thinking is to unpack how the RCM can guide the design of a learning study
assignment and how the assignment artefacts can inform the RCM.

From a teacher educator’s perspective, the design of a learning study as a task for
teacher learning should be framed by the broader ideas about teaching science while
being situated in a specific case of teaching science. Although teacher learning about
teaching is considered to be embedded in specific instances of planning, enacting,
and reflecting, teachers will need the knowledge and skills to reason about many
instances of teaching science. Teacher educators are charged with preparing science
teachers formultiple settings and sets of learning goals for students at different stages.
The RCM identifies this broader or community-based knowledge as collective PCK
(cPCK). Similarly, enacted PCK (ePCK) is described as the knowledge and skills
used by a science teacher when they are engaged in the practice of teaching in a
particular setting with a particular learning goal for particular student(s). Situating
the work of science teacher education within the RCM implies using the realm of
cPCK to frame the design of tasks for teacher learning while using ePCK to frame
the analysis of a teachers’ work within these tasks.

Studying science teachers’ ideas about learning and teaching subjectmatterwithin
the context of a learning study is a twofold, intertwined task of developing and
analysing science teachers’ PCK. One phase of the work is to integrate ideas about
PCK in order to develop and describe the experience for teachers and in turn support
their learning. Another phase is to use ideas about PCK to analyse teachers’ responses
in ways that enable the qualitative features of their thinking to be described and doc-
umented. Framed by the RCM, one phase requires the broader framework of cPCK,
while the other phase illustrates instances of ePCK. Thus, the questions guiding this
exploration into how PCKmight be studied in teacher education could be framed as:

One: In what way can cPCK guide the design of learning study as a task for science
teacher learning?
Two: In what ways do teacher-developed learning studies illustrate science teachers’
ePCK?

As a teacher educator, my examination of an approach to use and study PCK
is embedded within tasks developed for teacher learning. In this case, a learning
study approach was used to design an assignment to serve two purposes. One was to
support teachers in learning about teaching science, while the other was to explore
how the assignment could uncover teachers’ developing ideas about teaching science.
Developing the assignment and examining teachers’ work was an iterative process
across several semesters of a graduate course in curriculum and instruction. For
clarity, this work is presented here as two phases—designing the learning study and
illustrating teachers’ ideas—and uses examples from one cohort.
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Designing the Learning Study Assignment

The learning studywas developed as an assignment in a graduate course in curriculum
and instruction. This course is a regular offering that is not necessary for teachers only,
but since it is a core course in curriculum and instruction, most students who enrol are
licensed teachers. The course topics include subject matter for teaching (Grossman,
Schoenfeld, & Lee, 2005), learning progressions where students’ thinking about
science becomes more sophisticated over broad spans of time (Corcoran, Mosher, &
Rogat, 2009), and ambitious teaching that considers inquiry and discourse essential
to developing all students’ scientific thinking (Windschitl, 2008, 2013). As a course
assignment, the graduate students’ study of learning is informed by reading and
discussion around each of these perspectives for thinking about learning and teaching
science.

Learning Study Plans

The learning study assignment in this course is focused on the planning phase of a
learning study. The process of planning in learning study generally includes selecting
subject matter, identifying an object of learning, and considering patterns of variation
(Wood, 2015). Translated to an assignment, graduate students select and justify a
subject matter idea for learning, identify and describe a cognitive task centred on a
phenomenon, and create an “anticipation guide” describing on-target and off-target
student thinking. Since the learning study is not a lesson plan, details about materials
and student activities are not emphasised. It is also important to point out that learning
study goes beyond planning to include the examination of student work using the
anticipation guides. Then, based on their students’ work, teachers refine their ideas
about student thinking and plan future instructional tasks. This second phase of
learning study is part of a subsequent graduate course for teachers.

Defining cPCK for the Learning Study Assignment

To inform the design of the learning study assignment, components of PCK were
identified by reviewing the literature on science teacher PCK and through empir-
ical work with science teachers (Park & Oliver, 2008; Schneider, 2015). The five
components of cPCK used as a guide for this assignment are described below.

• Orientations to teaching science. Teachers’ ideas about: (a) nature of learning
and teaching science, (b) goals of teaching science, and (c) purpose of teaching
science.

• Science curriculum prepared for teacher and student thinking. Teachers’ ideas
about: (a) scope of science ideas that are important and worth learning, (b) stan-
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dards as guides for planning and assessing, and (c) sequence of science ideas
organised for learning.

• Frameworks for science teaching. Teachers’ ideas about: (a) inquiry science learn-
ing environments that characterise science and (b) discourse in science, both oral
and written.

• Student thinking about science. Teachers’ ideas about: (a) students’ initial science
ideas and experiences, (b) development of students’ science ideas, (c) how students
express science ideas, (d) challenging science ideas for students, including why
the ideas are challenging, and (e) appropriate level of science understanding.

• Instructional strategies for science topics. Teachers’ ideas about: (a) natural phe-
nomena experiences and (b) assessment of science learning.

Aligning Learning Study and cPCK

The first question for this work asks in what way can cPCK guide the design of
learning study as a task for science teacher learning? To answer this question, the
development of the learning study assignment was informed by both the components
of learning study and the components of cPCK. The task of developing a learning
study as an assignment involved creating clear and helpful directions for how, exactly,
teachers should plan a learning study. To uncover teachers’ pedagogical reasoning,
the assignment was designed to prompt their reasoning about teaching science. In
addition, the framework of the learning study needed to be consistent with the work
of planning and the directions to prompt teachers’ pedagogical reasoning had to fit
with the purpose of the pedagogical task.

Thinking about cPCK did indeed improve the description of this assignment by
supporting the addition of descriptive details for the directions (see Appendix 1).
For example, rather than ask teachers to simply identify a target science idea (i.e.,
learning objective), the directions guide teachers in how to identify a “big idea” and
then support their decision. Informed by thinking about specific cPCK components
of purpose, scope, and goals, the directions were refined to have teachers select a
high impact idea that is worthwhile and meaningful for students and appropriate for
students across multiple grade levels. Based on the cPCK concept of sequence (see
part c of the Science Curriculum component above), the “big idea” is one where stu-
dents can develop increasingly more sophisticated thinking over broad spans of time.
Similarly, directions for identifying a phenomenon and describing a taskwere refined
when thinking about inquiry, discourse, and expressing ideas, while directions for
anticipating student thinking were refined by thinking about initial and challenging
ideas for students. The complete alignment between the components of the learning
study assignment and cPCK is outlined in Table 7.1.
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Table 7.1 Alignment of learning study and collective PCK components

Aspects of learning study assignment Aspects of collective PCK

High impact idea: teachers select a science idea
for student learning that will have a high pay-off
for students in understanding science and is
appropriate for students across multiple grade
levels

Orientations: purpose of teaching science
Science curriculum: standards as guides for
planning and assessing

Sophisticated idea: teachers describe how
students can develop increasingly more
sophisticated thinking regarding this science
idea over broad spans of time

Science curriculum: sequence of science
ideas organising for learning

Worthwhile: teachers describe how the science
idea is of value to science

Science curriculum: scope of science ideas
that are important and worth learning

Meaningful: teachers describe how the science
idea is of value for students outside of academic
tasks

Orientations: goals of teaching science

Cognitive task: teachers describe what students
will be asked to think about and do that is
complex and cognitively demanding

Instructional strategies: natural phenomena
experiences
Frameworks: inquiry science learning
environments

Artefact: teachers describe the artefact students
will create (write, draw, present, etc.) while
engaged in the task
Frameworks: discourse in science both oral and
written including argumentation and technical
writing

Instructional strategies: assessment of
science learning

Student thinking: teachers describe how this task
and artefact will make student thinking visible

Student thinking: how students express
science ideas

Target-level artefact: teacher creates an example
of an on-target artefact to illustrate goal for
student performance

Student thinking: appropriate level of
science understanding

Describing on-target ideas: teachers describe,
list, or illustrate what they anticipate that student
will say or do or draw that unpacks complex or
sophisticated thinking. Teacher creates a
checklist or other method that makes sense for
the task

Student thinking: development of students’
science ideas
Student thinking: how students express
science ideas

Not on-target ideas: teachers describe, list, or
illustrate what they anticipate that student will
say or do or draw that illustrate initial or
challenges. Teacher creates a checklist or other
method that makes sense for the task

Student thinking: students’ initial science
ideas and experiences
Student thinking: challenging science ideas
and why the ideas are challenging

Role of the teacher: teachers describe their role
during this task. What they will do, pay attention
to, record, examine, interpret, and revise

Frameworks: inquiry science learning
environments
Frameworks: discourse in science

(continued)
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Table 7.1 (continued)

Aspects of learning study assignment Aspects of collective PCK

Rationale: teachers describe how their plan is an
illustration of how they frame their thinking
about teaching and learning science

Frameworks: inquiry science learning
environments
Frameworks: discourse in science

Teacher learning: teachers describe what they
are learning about teaching and learning

Orientations: nature of learning and
teaching science

Illustrating Teachers’ ePCK

This particular learning study assignment was part of an introductory graduate-level
course in curriculum and instruction. Ohio science teachers enrolled in the course as
part of a programme to prepare current high school teachers to teach introductory-
level college content in their high school classrooms. The study group included 19
high school chemistry teachers across multiple course sections in the same semester,
and as Ohio teachers, all were using the same state-provided content standards for
chemistry. These teachers developed learning study plans as part of the course.

In order to investigate possible differences in their enacted PCK (ePCK), teachers
were identified as new (1–3 years of experience), some experience (4–10 years),
or much experience (11 or more years). Their content knowledge background was
described as excellent (content major with high grades in area), good (content major
with lower grades or non-major with high grades in area), or developing (non-major
with modest grades area). The examples presented here were selected from three
chemistry teachers who focused their work on atomic models. This selection of the
same teaching topic meant qualitative differences in ePCK could be highlighted.
Teacher A was a new teacher with a good background in chemistry, while Teacher
B also had a good background in chemistry but more teaching experience (some).
Teacher C was a new teacher but had an excellent background in chemistry. With
different levels of experience and chemistry background, the work of these three
teachers tests the learning study as a task to uncover differences in teachers’ ePCK.

Describing ePCK

The second question for this work asks in what ways do teacher-developed learn-
ing studies illustrate teachers’ ePCK? To answer this question, teachers’ responses
to components of the assignment were examined in relation to the corresponding
components of cPCK. In other words, the cPCK component determined to be most
aligned with each component of the learning study (Table 7.1) was used to guide the
review of that aspect of a teacher’s response. The intention was to develop qualitative
descriptions of teachers’ ideas. For example, when a teacher describes how the sub-
ject matter idea they have selected is meaningful for students outside of academic
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tasks, his/her response is examined for ideas about goals of teaching science. To
explore whether the learning study responses were helpful in illustrating differences
in teachers’ ePCK, responses from teachers with different levels of experience were
compared. To determine whether this task was illustrating ePCK separately from
content knowledge, teachers with different levels of chemistry background were
compared. Tables 7.2, 7.3 and 7.4 include sample responses selected from these
three teachers’ learning studies in order to demonstrate how ePCK is illustrated.

To illustrate ePCK for teachers with different levels of teaching experience,
responses from Teacher A (new teacher with a good background in chemistry) and
Teacher B (some teaching experience with a good background in chemistry) were
compared (see Table 7.2). For example, Teacher A describes the selected subject
matter idea (atomic model) as meaningful for students because all matter is made of
atoms. In comparison, Teacher B does not directly describe how this idea is meaning-
ful but doesmention the need to understand the viewpoint of students. Both responses
begin to illustrate the teachers’ ideas about goals for teaching science. Although it
is premature to suggest one response is more advanced or correct than the other,
differences based on experience with students are suggested.

Comparing responses from Teacher B (some experience with a good background
in chemistry) and Teacher C (new teacher with an excellent background in chemistry)
explores possible differences in ePCK based on teaching experience for teachers who
also have different levels of content background (Table 7.3). In one example, Teacher
B describes student thinking by stating that students will use arrows to represent
movement, but it is not clear why these ideas are challenging for students. On the
other hand, Teacher C describes student thinking by stating that students’ drawings
will show their thinking, but it is more specific in describing how students will
misunderstand ideas about models and elements. Again, these responses illustrate
differences that might begin to uncover ePCK.

A third set of comparisons highlights two new teachers with different levels of
content background and limited teaching experience. Teacher A (new teacher with
a good background in chemistry) and Teacher C (new teacher with excellent back-
ground in chemistry) are both novice teachers, but one has more chemistry back-
ground (Table 7.4). In this case, both teachers describe the role of the teacher in an
inquiry and discourse environment as encouraging students to investigate or collabo-
rate, but do not have specific ideas about how to do so. This response is reasonable for
new teachers. Their responses also differ in that Teacher Amentions feedback, while
Teacher C is more specific about the chemistry ideas students will explain. These
responses might be indicating similar ePCK, but differences in content knowledge.

Discussion

Using the RCM (i.e. cPCK, pPCK, and ePCK) as a guide, this chapter describes
how a learning study was designed and teachers’ responses were examined. It makes
sense that PCK, as a construct that is intended to describe what teachers know about
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Table 7.2 Teacher A and Teacher B: responses to components of the learning study assignment
and ePCK illustrated

Teacher A Teacher B

Orientations, purpose: to prepare students for
the next level of schooling in chemistry

Orientations, purpose: to prepare students to
understand further chemistry

Science curriculum, standards: clear linking of
standards across grades

Science curriculum, standards: not focused
on standards

High impact idea: the big idea I have selected
for my learning study is the atomic model. The
atomic model is a big idea that is built upon
throughout students’ education. In the Ohio
model curriculum, the idea that all matter is
composed of atoms is presented in the
elementary grades. Later, in middle school, they
are to understand that these atoms are made up
of subatomic particles and a model of this atom
can be created based on current scientific
evidence. At the high school level, different
models of the atom are presented

High impact idea: this learning plan deals
with the formation of ions in order to
increase atomic stability. This idea builds on
the knowledge of atomic structure and leads
to understanding the formation of bonds and
chemical reactions

Science curriculum, sequence: focused on
components of the atomic model, mentions these
are useful (more below)

Science curriculum, sequence: focused on
how the model explains bonds and reactions

Sophisticated idea: the atomic model is a big
idea that is built upon throughout students’
education. In the Ohio model curriculum, the
idea that all matter is composed of atoms is
presented in the elementary grades. Later, in
middle school, they are to understand that these
atoms are made up of subatomic particles and a
model of this atom can be created based on
current scientific evidence. At the high school
level, different models of the atom are presented.
The two most useful models include the Bohr
model and the quantum mechanical model

Sophisticated idea: this idea builds on the
knowledge of atomic structure and leads to
understanding the formation of bonds and
chemical reactions…. after we have learned
the structure of atoms and their stability and
have begun to work with ionisation

Science curriculum, scope: describes detail
about how this idea will help students think
about chemistry

Science curriculum, scope: describe that
structure relates to function

Worthwhile: knowing the atomic model is
worthwhile because having a deep
understanding of the atomic structure is a key to
all topics covered in chemistry. For example, the
trends seen in the periodic table can be explained
by understanding how the protons and electrons
within an atom are arranged. The more advanced
quantum mechanical model helps to describe
exactly how the electrons are arranged, which
gives rise to the properties of elements and
compounds. Chemical bonding also relies on the
atomic orbitals becoming hybridized, and this
gives rise to molecular geometry, molecular
polarity, and many other concepts

Worthwhile: this idea builds on the
knowledge of atomic structure and leads to
understanding the formation of bonds and
chemical reactions (did not give a distinct
response for worthwhile)

(continued)
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Table 7.2 (continued)

Teacher A Teacher B

Orientations, goals: to help students think about
properties and models, closer to classroom than
outside of the classroom

Orientations, goals: to match students’
perspective, no details yet on what that is

Meaningful: this idea is meaningful because all
matter is made of atoms. If one is able to
understand the structure of the atom, one can
begin to make sense of the physical and
chemical properties of the materials they
encounter in their everyday experiences. This
idea is also meaningful because it exemplifies
the use of a model in science. Models can be
used to show things at the very macroscopic and
very microscopic levels and are used to
visualizse abstract ideas

Meaningful: by analysis of the results, I
would hope to better understand the
viewpoint of my children (did not have a
response for meaningful)

teaching subject matter, would be helpful in designing tasks for teacher learning.
It also makes sense that evidence collected from artefacts of teaching (in this case,
planning), would make teachers’ ideas visible in ways that can illustration their
personal PCK (pPCK). Descriptions of whether and in what ways this is, indeed,
the case are needed. The descriptions provided here are from a teacher educator’s
perspective, exploring this potential approach as a means of illustrating teachers’
ideas while supporting teachers in learning about teaching.

Designing Tasks for Teacher Education

The RCM identifies three realms of PCK, each of which describes PCK at a different
level from a community’s knowledge, to an individual teacher, to a subset of ideas
and actions used in a particular instance of teaching. It turns out, quite reasonably,
that the different realms of the RCMwere useful for thinking about PCK in different
situations. To design a task for teacher learning, cPCK was a helpful framework
for thinking about what ideas should frame a teaching-based task. The RCM, in
and of itself, did not have the detail needed to guide the design of the learning
study as a planning task. However, thinking about cPCK as a community-based
knowledge is consistent with existing thinking about a collective understanding of
the components of PCK. The science education research community, for example,
has been describing and researching ideas to identify a set of PCK components
for some time (Schneider & Plasman, 2011). The RCM helps to clarify how to
use the components of PCK most often described in the literature. In this work, the
components of cPCKwere helpful in developing the learning study as an assignment
for teachers. The specific components were a guide in adding specific details and
directions to guide teachers in thinking deeply about learning that otherwise might
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Table 7.3 Teacher B and Teacher C: responses to components of the learning study assignment
and ePCK illustrated

Teacher B Teacher C

Instructional strategies, phenomena: focused on
one model to connect to bonding, link to
phenomenon not implied

Instructional strategies, phenomena:
focused on two specific atoms to compare
using the model and to connect to bonding,
link to phenomenon explicit

Frameworks, inquiry environments: one guiding
question

Frameworks, inquiry environments: several
guiding questions

Cognitive task: students will look at the Bohr
model of a standard atom and determine how it
will become stable. “Would this cause these two
atoms to bond?”

Cognitive task: the student will have to draw
the Bohr model for a francium atom and a
fluorine atom and describe why they believe
each element to be either reactive or
unreactive and why. They will be asked to
think about what happens to the size of
things when you continually add more to it
and to consider the charges of all types of
the particles

Instructional strategies, assessment: students
use model to begin to predict. Students draw and
label, but do not describe what the drawing
represents

Instructional strategies, assessment:
students draw, label, and describe what the
drawing represents

Frameworks, discourse: focus on representation
and notation only

Frameworks, discourse: focus on
representation and description in their own
words about their ideas

Artefact: draw a second Bohr model showing the
resulting atom/ion. Indicate the atomic number,
mass number, and ionic charge for each model.
Finally, use arrow to show how electrons move
from one atom to another

Artefact: students will illustrate the atomic
structure (Bohr model) for a francium and
fluorine atom and describe why you believe
each element to be reactive or unreactive.
(Number of energy levels and electrons not
necessary but shown on the artefact.)

Student thinking, express science ideas: students
draw and use notation to represent thinking

Student thinking, express science ideas:
students’ descriptions and aspects of their
drawings illustrate their thinking

Student thinking: the task involves having
students determine electron stability and drawing
a model of the ion that is formed. This artefact
will show common misconceptions such as how
many electrons and atom tends to gain or lose

Student thinking: through their descriptions
of the reactivity of the atom, I can determine
what they understand about how electrons
are gained and lost through attractive forces
of the nucleus and how that impacts the
reactivity of the atom. I would be able to
determine if the students understand that
similar charges repel, where like charges
attract. I would also be able to determine
how they understand the changes in
electrical attraction or repulsion as the
distances between the particles changes and
how that distance affects the reactivity of the
element and its ability to form an ion

(continued)
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Table 7.3 (continued)

Teacher B Teacher C

Student thinking, appropriate level: using
diagram to represent simple bonding, using
arrows to represent movement

Student thinking, appropriate level: using
model to contrast elements on several
dimensions

Target-level artefact: Target-level artefact:

Student thinking: development of science
ideas—students learn the components

Student thinking: development of science
ideas—students learn by contrasting features

Student thinking: express science
ideas—students draw the components

Student thinking: express science
ideas—student model the components and
explain in their words

Describing on-target ideas Describing on-target ideas

Concepts:
• Outer shell is full (8)
• Atomic number (protons) does not change
• Mass number does not change
• Number of neutrons does not change
• Electrons form pairs
• Only outer shell is affected
• Ionic charge � number of protons − number
of electrons

• Electrons transfer from one atom to another
into appropriate places

Model (excerpt)
Correct ratio in scale size (francium larger,
fluorine smaller). Due to the addition of
energy levels (and electrons), it will
continue to make the atom larger
Description (excerpt)
____Francium is larger in size due to its
number of energy levels and electrons
____Fluorine is smaller in size due to the
limited number of energy levels. This means
the attractive forces can pull in and hold the
electrons very easily

Student thinking: initial science ideas and
experiences—student do not know the
components

Student thinking: initial science ideas and
experiences—students misunderstand the
interactions

Student thinking: challenging science
ideas— superficial ideas about what is
challenging

Student thinking: challenging science
ideas—students misunderstand the
connections such as size or forces

Not on-target ideas Not on-target ideas

(continued)
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Table 7.3 (continued)

Teacher B Teacher C

Misconcepts:
• Outer shell is not full
• Number of protons changes
• Number of neutrons changes
• Mass number changes
• Electrons added/removed from inner shells
• Gaining electrons instead of losing electrons
or vice versa

• Ionic charge is incorrect
• Electrons are not transferred

Models (excerpt)
____: Models drawn the same size or
fluorine drawn bigger
Used to seeing computer pictures of the
Bohr models and thinks they are all the same
size. Does not understand the pull of the
positively charged nucleus or that adding
more energy levels increases the diameter of
the atom
Description
____Describes the elements as unreactive
for various reasons
____Size is not used in the explanation for
either element or is not used correctly
____The attractive forces of the nucleus to
the electrons are not mentioned in the
descriptions correctly

have been overlooked. Because the assumptions underlying the RCM of PCK and
the ideas about teacher learning were based on the same fundamental ideas about
teaching and learning, it was possible to align each of the components of cPCK with
a corresponding component of the learning study task.

The design of the learning study assignment described here suggests that cPCK
can be a useful guide for designing educative tasks for teachers. In this way, the RCM
of PCK can be helpful in strengthening the education of teachers. Teacher education
is frequently the focus of critique with some reformers recommending more robust
programmes with stronger links to classroom-based experiences, while others advo-
cate for reducing formal teacher education (Darling-Hammond, Holtzman, Gatlin,
& Heilig, 2005). The learning study assignment is a carefully designed task that is
anchored in well-thought-out ideas about teacher knowledge that supports teachers
in thinking about their own students. If more assignments in teacher education were
carefully constructed based on ideas about what and how teachers learn, this practice
would not only make these experiences more powerful, it may also aid teacher edu-
cators in describing the importance of teacher education in ways that could inform
policy for teacher education.

Observing ePCK

Learning study does appear to be a useful approach to illustrate teachers’ ePCK for
planning. The learning study assignment is consistent with the work of planning and
is closely linked to teachers’ pedagogical reasoning around specific subject matter
for specific students. The examples above suggest that teachers with similar content
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Table 7.4 Teacher A and Teacher C: responses to components of the learning study assignment
and ePCK illustrated

Teacher A Teacher C

Frameworks, inquiry environments: low inquiry
environment, unclear about experiences

Frameworks, inquiry environments: students
gather information and collaborate, draw
conclusions, reasoning with explanation

Frameworks, discourse: visual representations,
teachers provide feedback

Frameworks, discourse: students collaborate
and discuss ideas, explain ideas

Role of the teacher: the teacher must investigate
what knowledge the students have in order to
determine where to begin. … then they can
provide students with experience that will build
upon their prior knowledge. In this task, the
prior knowledge would be the Bohr model. Once
students are engaged in their learning, the
teacher must observe and monitor how students
are incorporating the new material by having
them create visual representation s of their
understanding during the learning process. Once
students have shown how they understand the
new material, the teacher must examine their
work and provide them with constructive
feedback letting them know how successful they
were with the task

Role of the teacher: I will allow the students
to investigate and draw conclusions on their
own. I will encourage the students to use
their periodic table as a guide and
investigate the subatomic particles
themselves to determine where they should
be located. Proper materials will also be
provided so if a student wants to use a
compass to make uniform circles so they can
accurately represent the size of the atoms, it
will be possible. I will encourage
cooperative learning amongst students and
student discussion of ideas. I will pay
attention to how they draw their conclusions
about reactivity of each of the elements and
if they used the size and valence electrons in
their reasoning. I will not just be looking for
if they know it is reactive or not, but their
ability to be able to explain why it is reactive

Frameworks, inquiry environments: translating
from a simpler model to a more sophisticated
model, visual, teacher feedback

Frameworks, inquiry environments: ideas
build on previous ideas; student create and
explain; use extremes examples first

Frameworks, discourse: NA Frameworks, discourse: NA

Rationale: this plan builds upon the less
sophisticated atomic model, the Bohr model, to
help students understand the more sophisticated
quantum model. Students find the Bohr model
easy to create, while the quantum model tends to
be more challenging to understand. I believe by
relating the two, students will more clearly see
the relationship from one model to the next. The
artefact created by student during this task also
allows the teacher to visually determine a
student’s understanding of the quantum model.
The teacher can then more easily provide
feedback to students to help them with their
learning, as well as determine the success of the
instruction based on student learning

Rationale: this plan illustrates subject matter
knowledge for teaching as it builds on
previous background knowledge the students
have and provides a chance to reinforce that
material along with building upon it. This
gives the students an opportunity to create
something to explain their thinking. I have
also used the smallest halogen and largest
alkali metal as they are two of the most
reactive elements on the periodic table. If
students understand these elements, then we
could explore deeper into the other elements
and use those same principles to discuss the
reactivity of more complex elements

Orientations, nature of learning and teaching
science: teachers need to monitor learning,
students need to think about their own
understanding, ideas develop in sophistication

Orientations, nature of learning and
teaching science: learning requires verbal
communication; question identify areas to
work on and misconceptions; students learn
differently

(continued)
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Table 7.4 (continued)

Teacher A Teacher C

Teacher learning: I learned that monitoring
students learning by making their thinking visual
could be a powerful tool to help the teacher
guide their students to the desired learning
outcome and to give students the opportunity to
think about their own understanding. I also
learned that the path to learning could be aided
by building upon prior, less sophisticated
knowledge to develop a more sophisticated way
of thinking

Teacher learning: this artefact will support
my learning about learning as I will be able
to identify the students’ thought processes,
not only through the artefact itself, but also
through verbal communication. The
questions students will ask can help me
identify the areas of weakness in the
material and allow me to determine if it is an
individual weakness or a class weakness. If
it is a class weakness, and they all have the
same misconception, there may be an
experience in previous learning that created
that misconception. I could then
communicate with previous teachers to help
sort out that misconception for future
students. Through the students’ ideas, I may
also be able to determine how to best present
the information initially, to give them a more
solid understanding of the information. Each
student learns a bit differently, so over time I
may be able to compile an assortment of
methods and allow the students to pick how
they would like to learn a topic

preparation may illustrate different types of ePCK. This finding needs to be explored
in more depth, but initial indications are that learning study may be illustrating more
than content knowledge. The nature of the differences observed for the chemistry
teachers appears to reflect differences related to teaching experience separately from
differences related to chemistry background. Although not included in the samples
provided in this chapter, learning studies from teachers working outside of their
expertise (e.g., biology teachers planning for physical science) indicated that these
teachers struggled to a greater degree with this planning task. Although this learning
study assignment was focused on only the planning aspect of teaching, ePCK ideas
suggested by the teachers were representative of the components of cPCK used to
design this planning task. It is reasonable to predict that when teachers collect and
examine student artefacts in the next stage of the learning study, their ePCK ideaswill
be further illustrated. Perhaps their ideas about inquiry and discourse environments,
in particular, will be better illustrated.

As an approach proposed to capture (i.e. assess) teachers’ ideas, it is important
to think about the validity of learning study as an assessment tool. Learning study
can be thought of as a performance assessment, and, as such, factors of validity for
performance assessments should be considered (Messick, 1994). This learning study
assignment has a relative low consequence in that it will not be used to determine
anything more than a single grade in a course. However, some other factors worth
keeping in mind are content coverage, cognitive complexity, and meaningfulness.
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The components of cPCK (notably science curriculum, frameworks, and student
thinking) were represented in the components of the learning study assignment.
Learning study is embedded in teachers’work of planning for their students and, thus,
should be a meaningful task outside of the course assignment. This task also reflects
the complexity of teaching and learning about teaching. Learning study appears to
be a fruitful path to pursue with assessment design in mind.

Mapping Trajectories

As an approach to thinking about assessing ePCK in ways to infer teachers’ personal
PCK (pPCK), it is interesting to think about mapping trajectories to describe how
teachers’ learning progresses. Learning progression is a framework for thinking about
how learners (in this case teachers) develop increasing more sophisticated ways of
thinking over broad spans of time and in connection with instruction and assessment
(Heritage, 2008). Measuring progressions is a complex task that involves construct
mapping (Wilson, 2009), that is, mapping the layers of increasingly sophisticated
ideas for the construct, in this case cPCK. Based on a well-thought-out construct
map, artefacts illustrating teachers’ thinking are analysed to suggest a trajectory or
path of learning progress. Instruction and assessment become an iterative process
in the uncovering of trajectories. This process matches that described here in this
chapter, that is, where a construct is used to design instruction and assess learning.
This type of work is a step towards describing trajectories for teachers’ pPCK.

Conclusion

Overall, learning study as an approach to develop and illustrate teachers’ pedagogical
content knowledge shows promise. The RCM as a model for thinking about PCK
in realms or layers was helpful to situate and parse the work of design and research
associated with teacher education. Perhaps most interesting is the potential to begin
mapping the PCK construct and teachers’ learning trajectories in conjunction with
learning study. Learning study is a complex and meaningful task for teachers. It
is also a more efficient or concise approach than lesson planning. This quality is
an important consideration for an assessment tool. Learning study, however, does
require teachers to learn about learning study. While teachers are accustomed to
being asked to plan lessons, learning study planning is more focused and complex
and can push their thinking in new ways. These are the features, though, that make
learning study valuable. This thinking is the type of work that is needed to advance
our understanding of how to design and demonstrate excellence in teacher education.



184 R. M. Schneider

Appendix 1: Learning Study Assignment Directions

Subject Matter Idea Description: Describe the big or high impact idea you have
selected for your learning study. Describe how this idea(s) is meaningful (of value
outside of academic tasks), worthwhile (of value to science), and of high impact for
students (will make a big difference for students). Identify a core idea that will require
increasingly sophisticated thinking over time. Use and revise your description of the
high impact ideas that you posted for your journal.

Cognitive Task and Artefact Description: Describe the cognitive task and arte-
fact that will help you uncover students’ thinking. Describe what students will be
asked to think about and do. Describe what the artefact students would create (write,
draw, present, etc.). Describe how this task and artefact will make student think-
ing visible to you and them. Think about a task that is substantive so that students
can participate and develop ideas. Create a task that is cognitively demanding, has
multiple ways for students to participate (a complex task), and results in an artefact.

Sample Artefact: Mock up a sample of what you expect students to create. This
should be an on-target example. It does not need to be actual student work. It can
be an extract or sample of the key aspects of the artefact. This might include essays,
diagrams, and illustrations.

Assignment Directions for Anticipation of Student Thinking:Describe or illus-
trate and list what you anticipate that students will say or do or draw, etc., including
pieces that are on target and not on target. What do you anticipate as student thinking
about the target ideas? Include these ideas in a checklist or other method as makes
sense for your task. For example, if the task is to draw a representation of a molecule,
what features would you look for in the drawing that would tell you what they are
thinking?

Reflecting on the Study of Learning: (a) Role of the teacher as learner: What
role will a teacher (i.e. you) have that will make this a study of learning. What will
you do, pay attention to, record, examine, interpret, and revise as you complete your
study of learning? How will this support your learning about learning? Be specific to
this learning study, the artefact, and anticipation of student thinking. (b) Theoretical
underpinnings: How does your plan reflect theoretical frameworks for thinking about
curriculum (specifically learningprogressions, subjectmatter knowledge for teaching
(teacher knowledge; PCK), and learning studies)? Be explicit in linking your plan
to these ideas. (c) Planning to learn: What did you learn by creating this plan? How
would you create another plan to study learning?
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Chapter 8
The PCK Map Approach to Capturing
the Complexity of Enacted PCK (ePCK)
and Pedagogical Reasoning in Science
Teaching

Soonhye Park and Jee Kyung Suh

Abstract This chapter focuses on how the Refined Consensus Model (RCM) of
PCK for teaching science provides a useful conceptual framework for informing a
methodological approach to PCK research called “PCK mapping”. The PCK map
approach, as it is known,was originally designed to identify and illustrate interactions
among PCK constituent components through visualisation and quantification. In this
chapter, we first describe and discuss aspects of the PCKmap approach as they relate
to the RCM. These aspects include (1) the theoretical underpinnings and assumptions
of the approach, (2) step-by-step procedures of the approach, (3) its applications
and usefulness to PCK research, and (4) contributions of the approach to advancing
research on PCK.We also illustrate how repositioning the PCKmap approach within
the RCM enabled us to critique methodologies in two previous science education
studies where we utilised the PCKmap approach in different ways, while identifying
and addressing methodological issues. Finally, we highlight the potential of the PCK
map approach as a methodological tool to capture the essence of science teachers’
enacted PCK (ePCK) throughout the pedagogical cycle of planning, enactment, and
reflection, and the knowledge exchanges occurring between the realms of pPCK and
ePCK.

Introduction

In an effort to capture and display the abstract and complex construct of PCK in
a more explicit and concrete manner, the PCK map approach was first created as
an analysis method that sought to quantify and visualise interactions among PCK
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constituent components (Park & Chen, 2012). The PCK map approach is not only
theoretically based on the pentagon model of PCK (Park & Oliver, 2008), but also
utilises that model as an analytic device. In this chapter, we discuss how the PCKmap
approach can be situated and utilised in the context of the Refined Consensus Model
(RCM) of PCK for teaching science. First, we introduce theoretical assumptions
underlying the mapping approach, followed by a description of the step-by-step
procedures the approach employs. Next, by comparing and contrasting two research
studies in science teacher education that employed the approach in different ways, we
demonstrate how the PCK map approach can be applied to serve varying research
purposes. In addition, repositioning the PCK map approach within the RCM, we
identify and address methodological issues associated with the PCK map approach
of the two studies. Finally, we explore how the RCM provides a useful conceptual
framework for situating the PCK map approach as a viable and powerful means of
capturing a science teacher’s PCK in classroom actions, i.e. enacted PCK (ePCK)
and complex interactions of personal PCK (pPCK) and ePCK throughout a full
pedagogical cycle of planning, enactment, and reflection.

Theoretical Framework Underlying the PCKMap Approach

To explicate interplay among the components constituting PCK, various approaches
have been used in science education research. For example, Henze and her col-
leagues (2008) drew maps visualising the relationship among the components in
order to investigate how two different types of teacher orientations (type A PCK
vs. type B PCK), knowledge of learner, assessment, and instructional strategy were
integrated while teaching science. Kaya (2009) utilised a quantitative approach fea-
turing a PCK scoring rubric to explore intra-relationships between preservice science
teachers’ PCK components. Later, Padilla and van Driel (2011) combined quantita-
tive and qualitative methods to analyse relationships between PCK components of
six university instructors teaching chemistry using an adapted version of the PCK
model ofMagnusson, Krajcik, and Borko (1999). As ameans of explicating interplay
among PCK components, the PCKmap approach has demonstrated its usefulness as
a data analysis method for capturing the interconnectedness and integration of PCK
components (Aydin & Boz, 2013; Park & Chen, 2012).

The PCK map approach was grounded in the pentagon model of PCK (Park &
Oliver, 2008) inwhich PCK is defined as an integration of five components: (1)Orien-
tations toward Teaching Science (OTS), (2) Knowledge of Students’ Understanding
in Science (KSU), (3) Knowledge of Science Curriculum (KSC), (4) Knowledge of
Instructional Strategies and Representations (KISR), and (5) Knowledge of Assess-
ment of Science Learning (KAs) (see Park &Oliver, 2008 for descriptions of the five
components). Although the pentagon model involves the same five components as
the PCKmodel ofMagnusson et al. (1999), it places emphasis on the reciprocal inter-
actions across the components, while the Magnusson et al. model emphasises hier-
archical interactions between the orientations towards teaching science and the other
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four components (Park & Chen, 2012). Furthermore, the pentagon model stresses
the importance of coherent and synergistic interactions among the PCK components
to the quality of PCK. In other words, advancing to higher levels of PCK requires
teachers to strengthen the coherence between the components in addition to improv-
ing individual components. Those coherent connections between the components
are accomplished through the complementary and ongoing readjustment occurring
through both reflection in action and reflection on action processes that are concep-
tualised as “pedagogical reasoning” in the RCM of PCK (see Chap. 2; Park &Oliver,
2008).

The notion that a teacher’s PCK level depends on the degree of integration and
coherence among the components resonates with the work of many PCK scholars
(e.g., Friedrichsen et al., 2009; Hashweh, 2005; Krauss et al., 2008; van Driel, De
Jong, & Verloop, 2002). In this regard, research on the nature and development of
PCK needs to pay more attention to interactions among PCK components than to
each component as a silo. This shift in focus calls for a new and yet robust research
method to capture the interactions, which the PCK map approach can provide. For
example, there is a great deal of uncertainty about what types of interactions among
PCK components provide leverage for promoting PCK as an entirety and how those
interactionswork.This uncertainty canbe largely attributed to difficulties in capturing
the dynamics of interactions. Thus, it is imperative to develop sound analyticmethods
that enable researchers to explicitly identify and represent the interactions occurring
among PCK components.With this goal in mind, the PCKmap approach was created
as an attempt to visually represent identified interactions by presenting them in a
pentagon form of PCK.

Step-by-Step Procedures of the PCK Map Approach

When the PCK map approach is situated within the RCM, the approach enables us
to capture the integration and interaction of the five PCK components as revealed in
a science teacher’s ePCK and pedagogical reasoning throughout a cycle of planning,
enactment, and reflection. In order to use the PCK map approach, data sources must
include classroom observations and interviews in combination with each observa-
tion, i.e., pre-/post-observation interviews encompassing the full pedagogical cycle.
A pre-observation interview focuses on a teacher’s planning of the lesson to be
observed. This interview involves defining goals of the lesson, identifying curriculum
consideration, designing science activities and resources, and planning assessments.
A post-observation interview conducted after each observation is not only to elicit
a teacher’s pedagogical reasoning for instructional decisions, but also to provide
the teacher opportunities to reflect on various classroom incidents and instructional
actions. Such opportunities for reflection will enable the teacher to tease out a com-
plex interaction of knowledge and skills during acts of teaching that involve processes
of pedagogical reasoning and acts of teaching influenced by various contextual and
affective factors.
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Fig. 8.1 Steps of the PCK map approach

Data analysis, using the PCK map approach, is carried out through several steps:
(1) in-depth analysis of explicit PCK, (2) the enumerative approach, and (3) the
constant comparative method (Strauss & Corbin, 1990). The steps are shown in
Fig. 8.1 and explained in full below.

In-Depth Analysis of Explicit PCK

The main purpose of the in-depth analysis step is to identify PCK components inte-
grated into a science teacher’s ePCK in a specific teaching segment within a given
context. In this step, teaching segments representing ePCK are first identified from
videotaped instructional sessions. TheRCMdefines ePCKas “the specific knowledge
and skills utilised by an individual teacher in a particular setting, with a particular
student or group of students, with a goal for those students to learn a particular con-
cept, collection of concepts, or a particular aspect of the discipline” (see Chap. 2).
However, for the PCK map approach to depict ePCK as interactions of PCK con-
stituent components, the RCM needs to specify components that constitute ePCK,
which it does not. In this regard, it seems methodologically reasonable to use the five
components from the pentagon model as a means to capture ePCK through the PCK
map approach. Selecting the teaching segments involving ePCK can then be guided
by an operational definition of ePCK drawn from the pentagon model of PCK; that
is, PCK is an integration of two or more components in the pentagon model. Once
a science teaching segment that indicates the presence of two or more components
of ePCK is identified, the teaching segment is labelled as a PCK Episode. Three
features of the PCK Episode are then described in detail: (1) what the teacher and
students did, (2) what PCK components were integrated, and (3) the evidence that
identifies the presence of the components. The description is derived primarily from
observations, but complemented by interviews, documents, and artefacts related to
the PCK Episode.
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The Enumerative Approach

In this step, the PCK components identified in a particular PCK Episode and the
connections among the components are indicated using the pentagon model as an
analytic device—this representation constitutes a PCK map. Specifically, connec-
tions between any two identified components are determined based on two assump-
tions: (1) there must be at least one connection between any two of the identified
components, and (2) every connection has the same strength (Park & Chen, 2012).
For example, if three components like Orientations toward Teaching Science (OTS),
KnowledgeofStudents’Understanding inScience (KSU), andKnowledgeof Instruc-
tional Strategies and Representations (KISR) are identified as working components
in a particular PCKEpisode, one connection is recorded between any two of the three
as depicted in Fig. 8.2. Although individual connections between component pairs
could be different, the same strength for each connection is assumed for analytic
convenience. Each PCK Episode results in one PCK map, and the same procedure
is repeated for the other PCK Episodes identified in the same instructional session.
Then, the frequency of the connection between any two componentsmust be summed
up across all PCK Episodes from the particular instructional session being studied
and indicated in the pentagon model.

Evidence that supports the presence of the 
PCK components identified in a PCK Episode

PCK map

In the post interview, Mr. K said his students 
would have misconceptions about the 
concept of energy because it is new and it is 
a little bit abstract to them. [KSU] He stated 
that he would not look to correct any of those 
misconceptions since it is still a kind of 
formative understanding of what energy is.
[KISR] Also, he said “I’ve seen plenty of 
times in teaching, when a student doesn’t 
understand, if I just step in and in an 
authoritative way say ‘Nope this is it’, the 
connection isn’t made. It is stopped. It stunts 
the growth process in the way that they form
their understanding of it.” [OTS] 

Fig. 8.2 Example of the first step of the enumerative approach
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The Constant Comparative Method

Using the constant comparativemethod, the samedata is analysed to identify common
patterns emerging from the data in terms of interactions among the components. The
results from the constant comparative method are then compared and contrasted with
PCK maps. They are then created through the in-depth analysis and the enumerative
approach for the purpose of methodological triangulation. Table 8.1 summarises all
steps of the PCK map approach.

Applications of the PCK Map Approach in Two Example
Studies

The PCK map approach has been used in two of our science education research
projects on PCK. The two research studies reported here were exclusively concerned
about the interactions of the PCK components identified in a science teacher’s ePCK
and pedagogical reasoning behind the teacher’s utilisation of ePCK. In this section,
we compare and contrast the two previous studies where we used the PCK map
approach in different ways in order to show the approach’s applications and useful-
ness to PCK research. Building on the discussion in this section, we address method-
ological issues associated with the approach in the next section by repositioning the
PCK map approach within the RCM. The first study conducted by Park and Chen
(2012) utilised the PCKmap approach to examine the nature of the integration of the
five PCK components that affected teaching practice in high school biology class-
rooms. Later, Suh and Park (2017) used amodified version of the PCKmap approach
to investigate common patterns in the interactions among PCK components related
to science teachers’ sustained implementation of an argument-based inquiry (ABI)
approach.

Although both studies were grounded in the pentagon model, each made some
modifications to the model in order to correspond to its respective research purpose.
Park and Chen (2012) used the pentagonmodel that Park and Oliver (2008) proposed
but they rearranged the components in the original pentagon model and added abbre-
viations for the components. On the other hand, in our study (Suh & Park, 2017)
we modified Park and Chen’s model to make it more compatible with the notion of
the ABI approach. With the ABI approach, students have opportunities to engage in
scientific argumentation based on evidence and reasoning which require students’
learning to use language to construct and critique scientific arguments. This prac-
tice requires teachers to shift their epistemological orientations to be more aligned
with the main assumptions of this approach in terms of how students learn, language
use in science, and what science is. Acknowledging this shift in our 2017 study, we
redefined the “Orientations to Teaching Science” (OTS) component and named it
OTS-A (Orientation to Teaching Science specialised for ABI). At a more specific
level, in the Park and Chen 2012 model, the OTS component comprises three major
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Table 8.1 Summary of the steps of the PCK map approach

Steps Data sources Analysis
procedures

Outcomes

In-depth analysis of PCK • Observations
(videotaped
instruction
sessions)

• Identify a
teaching segment
that indicate the
presence of two
or more PCK
components

• Repeat the
procedure to
identify more
teaching
segments

• Teaching
segments

• A teaching
segment

• Observations,
interviews,
documents, and
artefacts related
to the teaching
segment
identified

• Create a detailed
description of the
PCK Episode

• Repeat the
procedure to
create multiple
PCK Episodes

• PCK Episodes

Enumerative approach • PCK Episodes • Identify
connections
among the
components of
PCK in a
particular PCK
Episode

• Repeat the
procedure for
other PCK
Episodes

• Frequency of the
connection
between any two
components of
PCK identified in
PCK Episodes

• A number of PCK
connections
between any two
components

• Sum up the
frequency of the
connection
between any two
components

• Draw a PCK map

• Total number of
the connection
that one
component makes
with the other
components

• PCK maps

Constant comparative
method

• Interview,
observations,
documents, and
artefacts

• PCK Episodes
• PCK maps

• Identify common
patterns that
emerged from the
data

• Compare and
contrast the
results from the
PCK maps

• Common
patterns/themes

• Methodological
triangulation
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Table 8.2 Comparison of two studies utilising the PCK Map approach

Studies Park and Chen (2012) Suh and Park (2017)

Participants Four high school biology
teachers

Three experienced
fifth-grade teachers who
were purposefully selected

Major data sources (1) Classroom observations
(2) Teacher interviews

(three semi-structured
interviews)

(3) Other sources (lesson
plans, instructional
materials, and students’
work samples)

(1) Classroom observations
(2) Teacher interviews (two

semi-structured and two
video-stimulated recall
interviews)

(3) Other sources
(instructional materials
and students’ work
samples)

Topics taught at the time of the
study

Photosynthesis and
Heredity

Force and motion

# of lessons selected for data
analysis

Two lessons on each topic
for each teacher

Eight lessons for each
teacher

PCK Episodes identified for each
teacher

12–24 episodes 22–24 episodes

Patterns in interactions of the
PCK components emerging
through the data analysis

(1) The integration of the
components was
idiosyncratic and
topic-specific

(2) KSU and KISR were
central in the integration

(3) KSC had the most
limited connection with
other components

(4) KAs were more often
connected with KSU
and KISR than OTS and
KSC

(5) Didactic OTS directed
KISR inhibiting its
connection with other
components

(1) The connections
between OTS-A, KSU,
and KISR were most
strongly connected to
each other. This
triangular relationship
was closely related to
the teachers’ sustained
implementation of the
ABI approach

(2) OTS-A was a critical
driver for significant
changes in PCK and
practice to adopt ABI

(3) KSC and KAs
interacted least with
other components

sub-components: beliefs about the purpose of learning science, decision-making in
teaching, and beliefs about the nature of science. However, in our 2017 study, we
revised the orientation component to include three aspects of epistemological orien-
tations key to implementing the ABI approach: learning theory, the nature of science,
and language use in science classroom (Hand, 2008) as shown in Fig. 8.3.

A detailed comparison of these two example studies is now provided. Table 8.2
summarises the applications of the PCK map approach in the two example studies.



8 The PCK Map Approach to Capturing the Complexity … 195

Park & 
Chen

(2012)

modified from Park & Oliver (2008) by rearranging the components and adding their
abbreviations

Suh & 
Park

(2017)

modified from Park & Chen (2012) by redefining the OTS component and named it 
OTS-A

Fig. 8.3 Comparisons of the pentagon model of PCK employed in two studies
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Participants in the Two PCK Map Studies

Four biology teachers working in a high school were selected in the first study while
three fifth-grade teachers, who had been implementing an ABI, were purposefully
selected in the second study. In both studies, the topic specificity and the context
specificity of PCK were taken into consideration. In the first study, the four biology
teachers were working at the same high school and teaching the topics of photo-
synthesis and heredity with the same curricular materials. In the second study, three
experienced teachers were teaching the same science topic, force and motion, at the
same grade level. In addition, the three teachers were selected based on two criteria:
(1) teachers must have been implementing an ABI approach for at least five years
in their science teaching, with at least two years without professional development
facilitation, and (2) teachers must have demonstrated a high level of implementation
of the ABI approach, as measured by the modified Reformed Teaching Observation
Protocol (RTOP) (Martin & Hand, 2009; Sawada et al., 2002).

Major Data Sources

In both studies, major data sources included classroom observations, teacher inter-
views, and teaching artefacts. As a point of difference, the second study replaced
the post-observation interview with video-stimulated recall (VSR) interviews. Such
interviews are considered an effective technique for examining teachers’ thoughts,
decisions, and reasons for actions (i.e., their pedagogical reasoning). The interviews
enabled researchers to explore and evaluate teachers’ reflections and commentaries
regarding their actions while allowing teachers to relive an episode of science teach-
ing by providing a retrospective, accurate, and verbalised account of their thought
processes (Calderhead, 1981). Before conducting VSR interviews, eight videotaped
instructional sessions were purposefully selected for each teacher given the purpose
of the study. Participants were asked to watch the videotaped teaching episodes and
answer interview questions based on recollections of their thoughts and actions.
While watching a video clip, the teachers could pause the video by themselves;
they were then allowed to end the interview or prolong it as they wished. The VSR
interviews focused on the pedagogical reasoning behind their instructional decisions
and practices, which we regard as a key data collection method for researching the
pedagogical reasoning underpinning the utilisation of ePCK during acts of science
teaching.
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Emerging Patterns in Interactions Among the PCK
Components

In each study, to identify the patterns of interactions among the PCK components,
PCK maps were constantly compared and contrasted to each other and to the results
from the constant comparative method. The first study revealed that the interplay
of the components was idiosyncratic and specific to the biology topic. It also found
that knowledge of student understanding and knowledge of instructional strategies
and representations were central in the interaction, which suggests that the stability
and coherence of ePCK are related to the strength of the connection between these
two components. The second study highlighted the interactions between orienta-
tions to teaching science, knowledge of student understanding, and knowledge of
instructional strategies and representations. These findings suggest that OTS-A was
a critical driver for significant changes in ePCK and practice to adopt ABI. Knowl-
edge of curriculum and assessment had the least connection with other components
in both studies. While the PCKmap approach appears an effective means for captur-
ing complex interactions among the components, it lacks the capability to recognise
contextual and affective factors influencing teacher ePCK and the interplay between
ePCK and pPCK. This limitation is discussed in depth in the following section.

Contributions of the Approach to Advancing PCK Research
in the Context of the Refined Consensus Model of PCK

As demonstrated in the aforementioned studies, the PCK map approach is an effec-
tive method for analysing interactions among PCK components underpinning ped-
agogical reasoning and ePCK in science teaching. By modifying or refining each
component to fit varying research purposes, the approach is potentially applicable
to the answering of a wide range of research questions about ePCK and knowledge
exchange between pPCK and ePCK. An important strength of this approach is its
ability to make the abstract and complex structure of PCK more visible, explicit,
and accessible. This feature is significant, especially in the context of the RCM
as it provides a useful tool to examine the pedagogical reasoning and action that
drives knowledge exchange between pPCK and ePCK. For example, the PCK map
approach can be used to explicate a process of the pedagogical reasoning required for
the translation of pPCK into ePCK. In addition to a data analysis method, the PCK
map approach can be used as a reflective tool for science teachers and assist them in
identifying which components and connections they need to improve for teaching a
particular science topic more effectively (Park & Chen, 2012).

Repositioning the PCK approach in the RCMenabled us to identify somemethod-
ological issues associated with the approach. As Aydin and Boz (2013) pointed out,
the PCK map approach assumes the same strength to every connection for analytic
convenience, but is unable to differentiate between qualities and strengths of individ-
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ual connections. Such differentiation is essential for more precise representations of
ePCK. Given that limitation, Aydin and Boz (2013) used a scoring rubric to gauge the
strength of each connection and found their method useful for quantifying the level
of PCK that can be used for further quantitative analyses. We believe that this mod-
ification to the PCK map approach can make it possible to score individual science
teachers’ PCKmap(s) as a means of assessing ePCK. Furthermore, individual teach-
ers’ PCK scores produced by quantifying their PCK maps with scoring rubrics will
allow researchers to examine the relationships between PCK and variables associated
with student learning through quantitative analyses, such as correlational analysis
between science teacher PCK scores and student achievement scores on a standard-
ised science test. That line of research could consequently contribute to revealing
and articulating the “student outcomes” and “student contributions” aspects within
the RCM.

Another limitation is that the PCK map approach focuses on individual science
teachers’ cognitive processes, represented by interactions of the PCK components,
and thus pays insufficient attention to contextual factors influencing PCK. The RCM
underscores learning context as an amplifier and a filter of teacher PCK as well
as a mediator for teacher actions. As a result, we suggest modifying the mapping
procedures and visual representation of PCK to explicitly involve contextual factors
associated with a science teacher’s PCK. For example, adding a field to the PCK
Episode description template (created during the in-depth analysis of PCK in the
first step of the approach), in which contextual factors influencing a particular PCK
Episode can be identified and described, would be an appropriate modification. The
representation of these factors in relation to the PCK map using arrows, circles,
or boxes will help better interpret ePCK encapsulated with the PCK map. Taken
together, the PCK map approach certainly has some methodological benefits and
limitations. However, we think that the PCK map approach has great potential to
help advance PCK research in science education with careful adjustments, especially
within the context of the RCM.
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Part III
New Approaches to PCK Research in

Science
Anne Hume

Overview

This part offers new methodologies, tools and/or perspectives on PCK measurement
that are aimed at providing a broader view of PCK for science teaching, as depicted
in the Refined Consensus Model (RCM) of PCK. Each of the following chapters
reveals how the authors are currently using the new model to inform and advance
their thinking around PCK research in science teacher education.

In Chap. 9, Ineke Henze and Erik Barendsen investigate mechanisms by which
student science teachers develop personal pedagogical content knowledge (pPCK)
in a methodology featuring purpose-built data-gathering tools. Using PCK-oriented
templates developed by the researchers, student teachers create authentic artefacts
(lesson plans, evaluations and reflections) during their teacher training programme
that are used as data sources for tracking their pPCK development. The student
teachers’ development of pPCK is examined in terms of developmental steps,
pPCK components and moderating personal factors. Combining analytical frame-
works from three related models in teacher education allows the authors to char-
acterise individual differences within the student science teachers’ pPCK
development. The authors argue the findings can inform new ways of tailored
scaffolding of pPCK development in student science teachers and give some
insights into the nature and role of amplifiers and filters in the RCM of PCK.

Chapter 10 features a methodology informed by the RCM that uses a research
tool in a novel way as a professional development intervention to enhance science
teachers’ topic-specific personal and enacted PCK (pPCK and ePCK) within a
school-based professional learning community. Jared Carpendale and Anne Hume
reveal how collaborative Content Representation (CoRe) design among members of
a school science department can be used to access, share and collate aspects of
individual teachers’ topic-specific pPCK into a collective form of topic-specific
PCK i.e., cPCK. By capitalising on in-house expertise in this way, the pPCK and
ePCK of science teachers less knowledgeable in the topic can be significantly



enhanced, as evidenced by data gathered of classroom teaching by these teachers
using an observation protocol designed specifically for the study.

Kennedy Chan, Marissa Rollnick and Julie Gess-Newsome explore the possi-
bilities of a ‘grand science PCK rubric’ in Chap. 11 for measuring science teachers’
PCK in all its various forms as depicted in the RCM. The authors recount how PCK
that is widely agreed upon and generated by research and/or collective wisdom of
practice is referred to as canonical PCK, i.e., a form of collective PCK (cPCK), and
how rubrics are increasingly being used in science PCK studies to evaluate this
canonical PCK. They argue that well-designed rubrics have the potential to make a
significant contribution to the establishment of international standards for articu-
lating not only canonical PCK for a number of commonly taught science topics but
also for pPCK and ePCK at the topic level. The chapter reviews and critiques the
characteristics of current rubrics and in an interesting approach uses the forum of an
expert discussion group to examine and analyse the critical considerations in the
construction of a grand rubric. The result is a grand science rubric proposal, generic
in nature that can be customised for use with different content topics as well as for
measurement of specific variants of PCK in the RCM.

Finally in Chap. 12, Amanda Berry, Pernilla Nilsson and Alicia Alonzo turn
attention to personal and enacted PCK (pPCK and ePCK) in science teaching and
expand upon the interrelationship between these two critical realms of PCK. They
identify and highlight the role of the plan–teach–reflect cycle at the heart of the
model as the mechanism by which pPCK is transformed to ePCK and vice versa.
This elaboration of the processes underpinning the specific knowledge and skills
science teachers use and/or develop in their classroom teaching enhances, and
challenges, the potential of the RCM to further PCK research in the all-important
arena of the classroom.
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Chapter 9
Unravelling Student Science Teachers’
pPCK Development and the Influence
of Personal Factors Using Authentic Data
Sources

Ineke Henze and Erik Barendsen

Abstract In this chapter, we discuss a methodology to analyse student teachers’
personal pedagogical content knowledge (pPCK) development in a chemistry teacher
education programme using PCK-oriented forms for lesson planning, evaluation
and reflection. We unravel the student science teachers’ development of pPCK in
terms of (1) developmental steps, (2) pPCK components and (3) moderating personal
factors. Our method relies on authentic data sources only, namely student teachers’
products based on assignments in their teacher training programme. By combining
three analytical frameworks, we were able to characterise individual differences
within the student teachers’ pPCK development for chemistry teaching. Such results
can inform new ways of tailored scaffolding of this development in student teachers.

Introduction

As part of their teacher education programme, student teachers are expected to plan
and carry out instruction without being able to draw upon substantial relevant prior
knowledge and experience in the classroom. This expectation makes these teachers
an interesting group for pedagogical content knowledge (PCK) research, particularly
in light of the cognitivist–constructivist point of view on knowledge development
(Greeno, Collins, & Resnick, 1996) that has been the basis of most educational
research since the 1980s. The essence of this perspective is the assumption that
teacher knowledge (including PCK) is built upon prior knowledge and beliefs from
different domains and upon experiences from practice, among which are interactions
with students and colleagues (Clarke & Hollingsworth, 2002; Van Driel, 2010).
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From this perspective, it is natural to conceptualise PCK as a collection of private
and personal pedagogical constructions, gradually built up ‘as a result of repeated
planning and teaching of, and reflection on the teaching of the most regularly taught
topics’ (Hashweh, 2005, p. 277).

These private and personal aspects of PCK are reflected in the realm of knowl-
edge known as personal PCK (pPCK) in the Refined Consensus Model (RCM) of
PCK (see Chap. 2). From now on, we will use ‘pPCK’ to refer to this particular per-
sonal knowledge and use PCK for the generic construct (Shulman, 1986). Note the
above-mentioned repeated planning, teaching and reflecting activities, so necessary
to the building of pPCK, appear in the RCM as the so-called pedagogical cycle (i.e.,
planning-enactment-reflection cycle).

For their lesson planning, beginning student teachers necessarily draw upon exter-
nal knowledge sources (with respect to topic level pedagogy) together with their per-
sonal beliefs, their own learning experiences and their general pedagogical knowl-
edge. The subsequent execution of the plan and reflection close the first cycle of
pPCK development. In the research on which this chapter is based, we aimed to
study these student teachers’ initial development tracks in the context of science
teacher education.

Among teacher educators, it is commonly known that there are substantial indi-
vidual differences between student teachers with respect to rate and focus of the
development of the pedagogical constructions constituting their pPCK. Indications
of such differences can be visible in several ways. For example, lesson preparations
remain superficial for some student teachers, whereas others quickly integrate ped-
agogical and content aspects of the topic they are about to teach. Moreover, during
teacher training, most student teachers shift their attention from teacher activities
to more pupil-oriented reasoning before, during and after their teaching. For some
student teachers, however, this transition is delayed or does not appear at all.

Challenges in Dutch Science Teacher Training Programmes

This chapter is based on an exploratory multiple case study with seven chemistry
student teachers who were enrolled in a teaching methodology course in the second
half of their one-year teacher training programme at Delft University of Technol-
ogy (TU Delft). In the Netherlands, such a compact programme is typically carried
out after completion of a content-specific (chemistry, in this case) Bachelor’s and
Master’s programme, so the student teachers can be expected to have a strong con-
tent knowledge background. This feature of Dutch pre-service teacher education is
important when considering PCK development, as PCK is the intersection of content
knowledge and pedagogical knowledge specific to a content area (Shulman, 1986).

For this particular groupof student science teachers,we can identify four aspects of
the teacher training programme challenging their initial pPCK development. Firstly,
when starting the programme student science teachers suddenly enter the ‘new’ field
of social sciences and find learning about human interaction through an interpretivist
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paradigm contrasts with their study background in natural sciences characterised by
amore positivist tradition in which objectivity, predictability and ‘exactness’ prevail.
This transition tends to cause some initial confusion in the student teachers, obstruct-
ing or delaying their professional growth, including the construction of pPCK.

Secondly, there is the early start to their internship at school in which student
teachers enrol at the very beginning of the training programme. Although practical
experience is one important source for pPCK development, at this early stage of their
training the student teachers lack relevant prior knowledge about teaching as another
important resource for building their initial pPCK.

The third challenging aspect is that of combining two different roles. Through-
out their programme, the student teachers spend 3–4 days a week as a trainee in a
school and 1–2 days at university. Combining the roles of teacher (internship) and
student (teacher education), they have to adjust to both the rules in school and the
requirements of the teacher training programme. One way to handle this situation is
to switch into ‘survival mode’, in which science student teachers tend to focus on
(gaining competences for) class management and teaching strategies, as opposed to
pedagogy for specific topic levels (Wehrmann & Henze, 2016).

The fourth and crucial challenge of the teacher training programme for pPCK
development is its short span in combination with teacher educators’ (high) expec-
tations of the student teachers’ ability to take a critical perspective on their teaching
practice.As argued before, reflection on the teaching of specific content is recognised
as central for pPCK development (cf. Schön, 1983). However, it might be difficult
for student teachers, especially when they are young adults, to make sense of their
teaching experiences in an advanced way (c.f., Korthagen & Vasalos, 2005). Indeed,
the position of many of them in relation to their ability to give meaning to their pro-
fessional role as a teacher can be recognised as Stage 3 in Kegan’s model of (adult)
cognitive development, which defines five stages of mental complexity or ‘orders of
mind’ (Kegan, 1982, 1994; Wehrmann & Henze, 2016) (see 9.1). In this third stage
of ‘socialised mind’, student teachers’ sense of self is socially determined based
on the real or imagined expectations of pupils, colleagues and supervisors. At this
stage of personal development, they tend to seek approval and feedback from their
surroundings, as a measure of howwell they are doing (Rodgers & Scott, 2008). As a
consequence, student teachers’ reflections often concern their classroom behaviour
rather than personal knowledge and beliefs, as they feel that their performance is the
aspect of their learning they are ‘judged’ on.

In Table 9.1, we summarise Kegan’s model of cognitive development in relation
to teachers’ capacity to take a perspective on their teaching. We will exclude Stage 1
(concerning childhood) and Stage 5 (usually not achieved until middle age or later).

A one-year teacher training programme offers little opportunity to facilitate stu-
dent teachers’ capacity to ‘find their voice’ and take the authority needed to shape
their own professional path (Stage 4 in Table 9.1), that is, to take a perspective
on information from experiences, evaluate it and then decide how to act upon it,
according to their own internal standards.
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Table 9.1 Kegan’s (1982, 1994) stages of adult cognitive development in relation to teacher role
(Rodgers & Scott, 2008)

Level of cognitive development Teacher capacity to take a perspective on
oneself
(sense-making of professional role)

Stage 1: Impulsive mind (early childhood) –

Stage 2: Instrumental mind (adolescence, 6% of
the adult population)

Teachers have a naïve and concrete
conception of teacher role; they view
experiences in ‘black and white’

Stage 3: Socialised mind (58% of the adult
population)

Teachers enact a role that has been defined
by the system (school context and teacher
education programme); they are able to
report on feelings and emotions concerned
with teaching

Stage 4: Self-authoring mind (35% of the adult
population)

Teachers are self-critical, and self-author
their experiences (regarding teacher role)
according to their inner voice; they see how
relationships with others impact upon
teaching

Stage 5: Self-transforming mind (1% of the adult
population)

–

About This Chapter

In this chapter, we discuss the methodological aspects of a study seeking to iden-
tify individual differences in TU Delft student teachers’ pPCK development for
teaching chemistry. Instead of ‘measuring’ the development result by comparing
student teachers’ pPCK before and after teaching, we analysed the process of their
pPCKdevelopment, that is, their planning, enactment and reflection activities through
which they build their pedagogical constructions (Hashweh, 2005). Our methodol-
ogy is designed to yield detailed insight into this development so that it enables
educators and supervisors to identify problematic (or positive) aspects of a student
science teacher’s pPCK development and apply suitable interventions (or choose no
intervention for the moment).

Instead of relying on traditional PCK research instruments, we chose to use ‘non-
obtrusive’methods for capturing pPCK, that is, we did not bother the student teachers
in their short and busy programme with instruments other than the formats for lesson
planning and reflection they were using already. In other words, we aimed to analyse
the student teachers’ pPCK development using authentic data only.

The remainder of this chapter is structured as follows. First we discuss the theoret-
ical basis of our research, including three models serving as frameworks to unravel
(1) the components of students’ pPCK for science teaching, (2) its stepwise develop-
ment and (3) personal factors influencing this development. Then, we formulate our
research questions in terms of these frameworks and describe the assignments that
will serve as authentic data sources. Then we specify our methods for data collection
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and analysis, followed by examples taken from the results of the study, illustrating
the promise of the analytic approach.We conclude with some reflections on the study
and the Second (2nd) PCK Summit (held in 2016 in Leiden, The Netherlands).

Theoretical Background

Components of Pedagogical Content Knowledge

By definition, teachers’ PCK is content-specific knowledge. This ‘content’ can be
understood in variousways. TheRCM, (seeChap. 2) refers to the grain size (or levels)
of science content knowledge and recognises it can be specified along a continuum of
broad to narrow ideas in all realms of PCK. Thus it can refer to a topic or a scientific
concept (c.f., Shulman, 1986), and we argue in a broader sense it can also refer to a
specific problem (e.g., using scientific knowledge in reasoning about socio-scientific
dilemmas), a practice field (e.g., design, research) or even a discipline.

The notion of PCK (in the general sense) can be considered as an integrated or
holistic construct (‘amalgam’) of content and pedagogy, but there are ways of sub-
dividing this knowledge domain into meaningful components. In this respect, the
most cited PCK model in the science education field is that of Magnusson, Krajcik
and Borko (1999), which distinguishes five components of PCK. Four of these cor-
respond to the following aspects of content-specific pedagogy (which we refer to as
M1 to M4, respectively): goals and objectives for teaching specific content in the
curriculum (M1); students’ understanding of this content (M2); instructional strate-
gies concerning this content (M3); and ways to assess students’ understanding of this
content (M4). These four components are universal in the sense that they appear in
a variety of general pedagogical models in literature and in teacher education mate-
rials (e.g., Van Gelder, Peters, Oudkerk Pool, & Sixma, 1973 ). Their pedagogical
completeness and simplicity convinced us to use Magnusson et al.’s M1 to M4 com-
ponents to characterise aspects of content-specific pedagogy and components of the
corresponding PCK. Note Magnusson et al. (1999) propose ‘teacher orientations to
teaching science’ as a fifth PCK component. As we consider orientations to be less
content-specific than the other components, we do not include these in our analysis.
Besides,Magnusson et al. themselves present orientations as an underlying influence
on the components M1 to M4.

Within their PCK model, Magnusson et al. (1999) do not relate the different
components with each other. In our opinion, however, connections between these
components (i.e., internal coherence or logic) are crucial (c.f., Van Driel & Henze,
2012). Indeed, M1 to M4 need to be interconnected to enable effective scaffolding
of students’ learning (c.f., Park & Chen, 2012).
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Thus apart from the extent of the respective components, the strength of the
interconnections is an indicator for the quality of a teacher’s personal pedagogical
constructions (in the sense ofHashweh, 2005) and hence of their pPCK, that is, strong
connections contribute to strong pPCK. In this, we respect Shulman’s (1987, p. 15)
model of pedagogical reasoning and action, implying that teachers’ knowledge of
students’ understanding of a specific topic, in a specific context, provides grounds for
choices and actions with regard to goals, instructional strategies and ways to assess
students’ understanding that correlate with each other andwith the specific situation.
Although experienced teachers use pPCK as one integrated knowledge source, the
four components (M1 toM4) above can be investigated separately (Henze, VanDriel,
& Verloop, 2008).

Stepwise Development of pPCK

There is ample evidence that teachers develop their pPCK in variousways. Clarke and
Hollingsworth (2002, p. 951) designed a non-linear, empirically grounded model,
which we regard as a useful means of augmenting and refining aspects of the RCM.
The interconnected model for teachers’ professional growth consists of four interact-
ing domains: (1) the Personal Domain, which contains teachers’ knowledge, beliefs
and attitudes; (2) the ExternalDomain containing external sources of information and
stimuli; (3) the Domain of Practice, which involves professional classroom experi-
mentation and (4) the Domain of Consequence, containing salient outcomes related
to classroom practice. The model can be used to describe and analyse teachers’
professional growth in terms of changes within the domains through the specific
mechanisms of enactment and reflection, see Fig. 9.1.

The interconnected structure of the model enables the identification of particular
sequences of enactment and reflection steps (so-calledpathways),whichmaydiffer in
complexity. For example, a teacher might try out an idea for an instructional strategy
in class (enactment step between Personal Domain and Domain of Practice) and
reflect on the experience (reflection step between Domain of Practice and Personal
Domain), thus extending his/her knowledge (Personal Domain). Alternatively, the
observed learning outcomes might be involved, resulting in a sequence containing
reflection on the Domain of Consequence.

From the perspective of the RCM (see Chap. 2), the model by Clarke and
Hollingsworth can be seen as a refinement of the enactment and reflection parts
of the pedagogical cycle ‘planning-enactment-reflection’ in the RCM because it dif-
ferentiates between forms of subsequent enactment and reflection, and between the
domains (as defined by Clarke andHollingsworth, 2002) involved in these enactment
and reflection steps. We can use the interconnected model for teachers’ professional
growth to discuss different types of PCKas represented in theRCM.Science teacher’s
pPCK is situated within the Personal Domain. Teachers may use external sources
(External Domain) on content-specific pedagogies such as books, courses or col-
leagues to inform their pPCK and the knowledge represented in these sources can be
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Fig. 9.1 Interconnected model for teachers’ professional growth (Clarke & Hollingsworth, 2002,
p. 951)

regarded as a form of PCK, although it represents collective rather than individual
knowledge. Therefore, this type of PCK is referred to as collective PCK (cPCK)
in the RCM. Incorporation of cPCK into pPCK (i.e., knowledge exchange) is one
mechanism of development (‘growth’) of this pPCK.

We can also refine the notion of pPCK by looking at the process of the use and
exchange of knowledge during the science teachers’ enactment and reflection steps.
When preparing a lesson, a teacher draws upon his/her pPCK, which can be seen
as the teachers’ complete repertoire for teaching specific science content. Planning
involves using this pPCK to select a specific part (goals, expected student factors,
instructional strategy and assessment methods) of the teacher’s pPCK for the lesson
in question. This part then becomes active during enactment of the planned activity
in the Domain of Practice. The RCM refers to this ‘active part’ of pPCK as enacted
PCK (ePCK). During a reflection step, the teacher draws upon the experience in the
Domain of Practice gained by using this particular ePCK to enhance or refine his/her
pPCK in the Personal Domain. We regard ePCK as a dynamic construct defined
by the part of pPCK that is ‘active’ at a certain moment during teaching practice.
Indeed, decision-making during enactment involves going through one reflection-
enactment cycle and is likely to change the part of personal pPCK that is currently
‘in use’, that is, there is knowledge exchange back to the realm of pPCK as depicted
in the RCM. The dynamic aspect of ePCK makes it difficult to elicit this type of
teacher knowledge. Observations of classroom practice (e.g., Barendsen & Henze,
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2017) and stimulated recall interviewsbasedon recordings of classroomsituations are
possiblemethods to capture this ePCK.Note themechanisms for extendingpPCKand
exchanging knowledge between pPCK and ePCK that occur within these pathways
of professional growth can bemoderated by factors called amplifiers and filters in the
RCM(seeChap. 2). Fromempirical research,weconcluded that pathways as complex
growth networks, rather than more simple change sequences, including the Domain
of Consequence (see Fig. 9.1) are important for the simultaneous development of
PCK for science teaching and classroom practice (Wongsopawiro, Zwart, & Van
Driel, 2016).

Amplifiers and Filters in pPCK Development

The ways teachers develop and use their PCK is influenced by personal as well
as ‘extra-personal’ (i.e., outside the individual’s direct influence) factors. Personal
factors are part of a teacher’s personal and professional identities. Extra-personal fac-
tors include elements of the teaching situation, such as curriculum, classroom context
and the school’s atmosphere among others. We view these factors as amplifiers and
filters, which act on teachers’ pedagogical reasoning in their decision-making pro-
cesses, before, during and after teaching and consequently on their actions.

Regarding decision-making processes in teaching, one can distinguish between
long-term decision-making (during planning) and short-term decision-making (dur-
ing enactment of a plan). This latter within-lesson decision-making is some-
times called ‘decision-making-on-the-spot’ (c.f., Bishop & Whitfield, 1972; Borko,
Roberts, & Shavelson, 2008). Long-term decision-making involves pPCK, whereas
short-term decision-making affects ePCK.

This decision-making appears to be shaped by both personal factors (such as
beliefs and values) and situational factors, see Fig. 9.2 (based on Bishop&Whitfield,
1972; Borko et al., 2008).

With respect to personal factors, many scholars have claimed that teaching is
highly charged with feeling, aroused by and directed towards not just people, but

Fig. 9.2 Decision-making framework (based on Bishop & Whitfield, 1972; Borko et al. 2008)
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also values and ideals. In this respect, McCaughtry (2004) and Zembylas (2007)
explicitly pointed to the interrelations between PCK and ‘emotional knowledge’ in
teaching and learning. Park and Oliver (2008) introduced ‘teacher efficacy’ as an
affective component within their hexagon model of pedagogical content knowledge
for science teaching (Park & Oliver, 2008, p. 279). Also Garritz (2010) suggested
incorporating an affective domain within PCK, related to the teachers’ interests, atti-
tudes and emotions about their own ways of teaching. This affective PCK domain
would include, among other things, teachers’ interest and value beliefs, self-concept,
self-efficacy, self-esteem and control beliefs. However, just as ‘orientations to teach-
ing science’, we see these aspects not as a part of pPCK, but rather as factors influ-
encing its development, that is, amplifiers and filters as in the RCM.

Hong (2010) defined a model in which personal factors such as value, efficacy,
commitment, emotion, confidence regarding power and control in the school orga-
nization (micro-politics), and personal knowledge (including PCK) and beliefs are
interrelated to each other. These aspects of the model can be explained as follows:
(1) value: the interest and enjoyment the teacher gets from a specific activity, and the
importance of doing well on a given task, (2) self -efficacy: judgment of own capa-
bilities to work as a successful teacher, (3) commitment: commitment to becoming
a teacher or to working as a teacher, (4) emotions: stress and emotions the teacher
experience through interactions with students, other teachers, or administrators, (5)
knowledge and beliefs: subject matter knowledge, pedagogical content knowledge
and the perceived tasks as a teacher and (6) micro-politics: confidence regarding
power and control of teachers in the school organization, active interaction with
administrators and engagement in school administration.

Hong used this model to study beginning teachers’ role perception and well-
being in school. Among other things, it was found that negative perceptions such as
unfulfilled commitment, lack of efficacy, unsupportive administrators and task beliefs
emphasising teachers’ heavy responsibilities appeared to be contributing factors to
emotional burnout, and even drop out from the profession (Hong, 2010).

We think that this model (Hong, 2010, p. 1540) can be interpreted as a means
for effectively identifying (interrelated) personal factors that may positively or neg-
atively influence the development of beginning teachers’ personal knowledge and
beliefs. Thus, in our study, we apply Hong’s model to identify amplifiers and filters
influencing the student science teachers’ development of pPCK.

Our Study

We can use the three theoretical frameworks described above to translate the global
aim of our study into concrete research questions. Our goal is to provide in-depth,
empirical input to design more sophisticated ways for educating and supporting
(student) science teachers’ pPCK development.



212 I. Henze and E. Barendsen

1. How can the development of student science teachers’ pPCK be portrayed in
terms of developmental steps, PCK components and personal factors using
authentic data?

2. What general patterns can be identified to typify differences with respect to
student science teachers’ pPCK development?

Teacher Training Assignments

In light of the mechanisms discussed in the Introduction, the process of planning,
enacting and reflecting on pedagogical constructions is the central source of infor-
mation to monitor and analyse the student science teachers’ pPCK development.
Since the factors mentioned in the introduction are challenging, we incorporate
explicit scaffolding of this process into the compact and intensive teacher training
programme. This scaffolding will be made more explicit below.

Scaffolding Student Science Teachers’ Lesson Design
Activities

For more than 40 years, the pedagogical model of Van Gelder et al. (1973) has
been dominant in educational literature and in teacher education programmes in
The Netherlands and Flanders. The four dimensions of the model (learning goals,
students’ initial state, teaching and learning environment and assessment) are shaped
by the answers to the following elementary questions (see Fig. 9.3):

Fig. 9.3 Pedagogical model by Van Gelder et al. (1973) translated by authors, with permission
from Wolters-Noordhoff, Groningen
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• What is the intended learning outcome for the students? (Dimension 1: learning
goals)

• How can we connect to the students’ prior knowledge? (Dimension 2: students’
initial state)

• Howcanwe select and arrange the subjectmatter?What learning activities are trig-
gered by suitable instructional methods? Which media are the most appropriate?
(Dimension 3: teaching and learning environment)

• What is the result of the instructional activities? (Dimension 4: assessment)

The questions underlying the model naturally give rise to a lesson preparation
method. This method is the basis of various lesson preparation forms that have been
introduced into our science teacher education programmes to scaffold the student
teachers’ lesson designs. The answers to the above questions can be seen as part of
the science teachers’ pPCK with respect to the specific content and specific educa-
tional setting. The four components (M1 to M4) of the PCK model by Magnusson
et al. (1999) can easily be recognised—that is, knowledge about: curriculum goals
and objectives (M1), students’ understanding (M2), instructional strategies (M3),
assessment (M4), all with respect to certain content. Contrary to the Magnusson
et al. model, the model by Van Gelder et al. is cyclic and the distinct dimensions are
interconnected.

However, Van Gelder et al.’s model was conceived in the behaviourist and cog-
nitivist traditions of the 1970s. In the meantime, scholars have developed a broader
perspective on the content of various dimensions (e.g., Grossman, 1990; Magnusson
et al., 1999; Shulman, 1986). For example, the second dimension has evolved also
to incorporate the expected students’ learning difficulties, preferences, alternative
conceptions, etc. Moreover, formative assessment (assessment for learning) is an
essential part of modern instruction, touching upon the components 2, 3 and 4. In
our current science teacher education programme at TU Delft in The Netherlands,
we are using an adapted version of the traditional lesson preparation forms, in order
to reflect the modern constructivist situative perspective on learning and teaching
(Greeno et al., 1996). Our preparation form contains topic and context-specific ques-
tions, based on the models by Van Gelder et al. (1973), Magnusson et al. (1999) and
the Content Representation (CoRe) form by Loughran, Mulhall and Berry (2004),
see Table 9.2.

The CoRe formwas originally intended to capture the perceptions of a community
of science teachers about the knowledge needed to teach a specific science topic.
Thus, a CoRe serves to elicit a form of collective PCK (cPCK). Filling out a CoRe
starts with identifying the ‘big ideas’ of the topic, followed by answering eight
questions for each of these. The questions address the intended learning outcomes (3
questions), students’ understanding (1question), instructional strategies (3 questions)
and assessment (1 question) (see Barendsen & Henze, 2017).
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Table 9.2 Lesson preparation form

1. What and why?
• What do you want your students to learn about this topic? Formulate the learning objectives in
an operational way: “At the end of the lesson, students will be able to …”
• Why is this important for the students? (refer to your learning objectives)

2. Possibilities and limitations
• What do you know about the students’ thinking that influences your teaching [prior knowledge,
level of cognitive development (Piaget)]?
• What other factors (e.g., classroom, atmosphere in the class, group orientation, autonomy,
differences between pupils, your development as a teacher) influence your teaching on this
subject?

• What difficulties for the students do you expect regarding to the subject of this lesson?

3. Instructional strategy
• What instructional methods will you apply (what are the most important aspects of your
lesson)? What are the particular reasons for choosing this approach?
• How do you apply pedagogical link making to make this lesson meaningful for the students?

4. Assessment
• How will you ascertain students’ understanding or confusion around this topic?

Scaffolding Student Science Teachers’ Lesson Enactment
and Reflection

According to Clarke and Hollingsworth (2002), enactment and reflection are medi-
ating processes for teachers’ professional growth (Fig. 9.2). To support the student
science teachers’ ability to reflect on their teaching practices (c.f., Kegan, 1982,
1994), we have added a Lesson Evaluation Form and a Lesson Reflection Form, see
Tables 9.3 and 9.4. The Lesson Reflection Form is based on the questions of a semi-
structured (retrospective) interview that was used to capture science teachers’ pPCK
after conducting a lesson series on a specific science topic in a three-year longitudinal
study byHenze et al. (2008). Again the four PCK components were addressed: learn-
ing goals (1 question), students’ understanding (3 questions), instructional strategies
(2 questions) and assessment (2 questions).

Table 9.3 Lesson evaluation form

• What were meaningful moments during the execution of your lesson?

• What was successful in this lesson, what can be improved?

• Justified conclusion: what is the ‘take home message’ (in terms of practical rules)?
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Table 9.4 Lesson reflection form

1. What and why?
Retrospection:
• What learning objectives were addressed during the lesson?
Analysis:
• To what extent are you satisfied with the learning objectives (number, formulation, etc.) and
with the way you conveyed their relevance? Please explain

2. Possibilities and limitations
Retrospection:
• Have you encountered any unexpected prior knowledge, perceptions or misconceptions? If so,
give examples
Analysis:
• What did the students consider difficult and what was easy for them? How do you know?
Discuss possible explanations

3. Instructional strategy
Retrospection:
• Have you executed your lesson as you prepared and planned? What was done and what was
omitted?
• Were the students able to carry out the learning activities? What was successful and what did
not work?

Analysis:
• To what extent are you satisfied with the pedagogical link making during the lesson? Explain
• To what extent are you satisfied with the way you engaged the students? Explain.
• To what extent did the teaching and learning activities fit to the learning objectives? Explain
• To what extent were the teaching and learning activities appropriate for the students and the
classroom context? Explain

4. Assessment
Retrospection:
• Have your students reached the learning objectives? How do you know?
Analysis:
• In case students have not reached specific learning objectives: what are possible explanations?
• To what extent are you satisfied with the way you monitored and assessed the students’
understanding? Explain

Conclusion
Which aspects in your lesson preparation form would you modify based on the above
retrospections and analyses? Explain

Application of the Forms in Student Science Teachers’
Activities

At the start of the one-year science teacher education programme, student teachers
use the Lesson Preparation Form, Lesson Evaluation Form and Lesson Reflection
Form with regard to single lessons. After this initial use, they switch to similar
forms regarding entire lesson series (about 6 lessons) on a specific topic, that is,
the Lesson Preparation Form before the lesson series, the Lesson Evaluation Form
after each single lesson and the Lesson Reflection Form after completing the lesson
series. When the student teachers have shown sufficient proficiency (in particular
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in evaluation and critical reflection), using the forms is made optional. They may
choose only to apply it to series about a ‘new’ topic or pedagogical approach, for
example. To monitor the student science teachers’ pPCK progress during the lesson
series, rubrics for formative (self and peer) assessment have been developed. These
were not used in our study, however.

Methods

The study we carried out involved seven chemistry student teachers. The exploratory
nature of the investigation meant we chose to conduct an in-depth study with an
interpretivist approach as the underpinning paradigm. The study can be characterised
as a multiple case study with a cross-case analysis. The participants were enrolled
in a course on teaching methodology in the second half of their training programme.
During this course, each student teacher developed two lesson series. The specific
chemistry topics were determined by the school, the class and the curriculum at the
schools of their current internships. Data were collected before, during and after the
student teachers’ teaching of these lesson series at their schools.

Data Collection

The student teachers planned, taught and reflected in the context of the two lesson
series. Since our objective was to use authentic data, the student teachers’ chemistry
lesson preparations, evaluations and reflections (termed products) were the only
data sources in our study. Each of these was investigated through their completed
Lesson Preparation, Lesson Evaluation and Lesson Reflection forms (the forms in
the Tables 9.2, 9.3 and 9.4, in their lesson series version).

Data Analysis

The student teachers’ products were subjected to a qualitative analysis to investigate
the process of pPCK development for chemistry teaching (see the Introduction). In
the Lesson Evaluation and Lesson Reflection forms, we identified the stepwise devel-
opment of the student teachers’ professional knowledge, in terms of reflection and
enactment in the External, Practice and Consequence Domains, respectively (Clarke
& Hollingsworth, 2002) (see Fig. 9.1). To this end, we identified meaningful and
coherent text segments, that is, segments containing reflection and/or enactment on
a single matter or situation. These were the units of analysis in an analytic cod-
ing procedure (Gibbs, 2007) using Atlas-ti qualitative data analysis software. The
codes were built up from the elementary steps reflection and enactment, together
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with the domain involved (external, practice and consequence)—‘reflection conse-
quence’ is an example of such a code. It turned out to be useful to distinguish two
forms of enactment: concrete action (‘real enactment’) and plans for future action,
respectively.

Moreover, we identified the pPCKcomponents involved (Magnusson et al., 1999),
as well as possible moderating personal factors (Hong,2010), using the same units of
analysis in the case of the evaluation and reflection forms. The codes for pPCK com-
ponents were M1 to M4. The codes for the personal factors consisted of one of the
Hong factors (value, commitment, self -efficacy, micro-politics and emotions), wher-
ever possible distinguishing positive and negative perceptions, for example ‘self -
efficacy +’. We coded the materials related to one lesson series together, then divided
the remaining coding work and compared the results afterwards, reaching consen-
sus in cases of differences. The combinations of reflection steps, enactment steps
and reflection-enactment cycles, as well as the manifestations of the four PCK com-
ponents and the Hong personal factors were then quantified. Then we looked for
patterns with respect to frequencies, combinations and progress in the course of time
(cf. Cohen, Manion, & Morrison, 2013). In a subsequent inductive analysis phase,
we analysed the text content more in-depth. The results were used to portray the
content of the student teachers’ pPCK and its development (Research Question 1).

In addition, the cross-case aspect was addressed by identifying differential fea-
tures of pPCK development, with the purpose of typifying the student teachers’
developmental processes (Research Question 2).

Results

Wewere able to conduct the complete qualitative procedure based on the data sources
in our study for four student chemistry teachers, indicated by the pseudonyms Alice,
Ben, Cindy and Debbie (i.e., four cases). The number of meaningful and coherent
text segments varied considerably, ranging from 91–240 segments per participant.

Below, we give an impression of the results of the qualitative analysis across
the four cases. We illustrate our findings with text segments taken from the student
teachers’ data (translated into English). The assigned codes are indicated below the
segments.

Developmental Steps

Reflection on the Domain of Practice was seen more frequently in the data than
reflection on the Domain of Consequence (i.e., student learning outcomes).

Only while the students were doing their lab work I discovered that the lab assistant had
interchanged the labels of the chemicals, because that would be fun, so that the students
would have to find out which was which. Because I hadn’t explained it that way (I just had



218 I. Henze and E. Barendsen

prepared the lab assignment as described on the form) the students did not understand what
to do and got confused. As a consequence, they did not like the lab session.

(Debbie; M2, M3, reflection practice, micro-politics –)

Most enactment steps concerned plans rather than concrete actions.

Because I wanted to work according to the prescribed procedure and the lab assistant always
works slightly different, I feel forced to adjust the procedure again.

(Ben; M3, reflection practice, concrete enactment practice, micropolitics –)

I think it was especially hard for them to understandwhy an acid tastes sour and, in particular,
they did not understand the relation between the COOH group and H+ . That they did not
see that H+ could come off the acid group. In a ‘normal’ [not inquiry based] lesson I would
have explained this immediately.

(Alice; M2, M3, reflection consequence, plan enactment practice)

The number of enactment pathways (i.e., cycles) varies considerably among the
students, ranging from 26% of the segments for Alice to 5% in the case of Debbie—
her data contains lots of ‘loose’ reflection statements without enactment.

Pupils obviously hadn’t had a good time when doing the experiment and therefore were not
interested in the discussion. They preferred to do something else.

(Debbie; M2, M3, reflection practice)

The observed cycles mostly concern plans for action, except for Alice.

[…] I ask N. if she understands why you have to add three times as much sodium hydroxide
to citric acid than to hydrochloric acid. She doesn’t know and I let R. explain it to the class
once again. Now they understand.

(Alice; M2, M3, reflection consequence, concrete enactment practice)

pPCK Components

In the student chemistry teachers’ data, the pPCK components M2 (knowledge of
students’ understanding) and M3 (knowledge of instructional strategies) were most
prominent. Comparing the results for the first and second lesson series, we observed a
significant shift in the student teachers’ data from instruction (M3)-oriented descrip-
tions and reflections to more attention towards student learning difficulties and
progress (M2). This shift is consistent with the more general finding that more
advanced teacher development is accompanied by an increased awareness of the
students’ learning.

Personal Factors

Three personal factorswere observed in the student chemistry teachers’ data: efficacy,
emotion and micro-politics.



9 Unravelling Student Science Teachers’ pPCK Development … 219

The various phases did not work out according to plan, due to the large number of absent
students. I adjusted my planning on the spot, which did not cause any further problems. It
did lead to a chaotic beginning of the lesson, however, and I started the lesson later than
planned. I had no part in this, I hadn’t been informed by the school management.

(Cindy; M3, reflection practice, enactment practice, micro-politics –)

The observed personal factors appear in various frequencies and combinations.
For example, Alice’s texts contain by far the most positive self-efficacy indications.
Texts of Alice and Ben showed positive emotions more frequently than those of
Cindy and Debbie.

One of the groups mentioned in their presentation: “Instructive and very nice to do. We have
learned a lot and had a lot of fun.” Isn’t it just super if that is the case?

(Alice; M2, M3, reflection practice, emotion +)

After having read thefirst part together, I broke the students into groups. Last timedividing the
students was hard. That is why I first explained the assignment clearly. I used a ‘groupmaker’
on the Internet to make student groups for the assignment: they got to work within 1 min.
That went fabulous! The students noticed their groups and started working immediately.
Meanwhile I had time to write things on the blackboard.

(Ben; M3, reflection practice, enactment practice, efficacy +, emotion +)

Differential Features of Student Teachers’ pPCK Development

We were able to typify the student chemistry teachers’ pPCK development in terms
of the three models above, using the following combinations of differential aspects:
the reflection-enactment ratio and appearance of pathways/loops rather than single
steps (for Clarke and Hollingsworth’s model of professional growth), co-occurrence
and chemistry content (for Magnusson’s components), and the presence and rela-
tive frequencies of positive and negative perceptions of personal factors—especially
emotion (for Hong’s model).

The colours in Table 9.5 indicate the resulting typification of the student teachers’
pPCK development, with green representing significant development, orange some
development and purple little/no development.

Discussion

Our analysis using three analytical frameworks allowed us to effectively characterise
individual differences within student chemistry teachers’ pPCK development. The
characterisation contained some surprising aspects that we had not been able to reveal
before. One of these is the influence the amount of chemistry content has on student
teachers’ pedagogical reasoning (see pPCK components, Table 9.5).

Moreover, when examining the student teachers’ developmental steps (see
Table 9.5), we see a lack of subsequent pedagogical cycles, where only a reflec-
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Table 9.5 Typification of student teachers’ pPCK development

Developmental steps pPCK components Personal factors

Enactment > plan in Rich description; Positive factors predominate
Alice cycles and pathways combinations mostly on and increase

chemistry content

Mostly plans Combinations on chemistry Positive and negative

Ben content factors 
Some enactment

Cindy

Debbie

Consequence reflection, Combinations not on Positive and negative
but not contentwise chemistry content factors; micropolitics

Little enactment Emotion almost absent 

Mostly loose steps Combinations hardly ever on Mostly negative factors
chemistry content

No enactment in practice No emotion

tion step was observed without any follow-up enactment step or just a conception of
a plan. This observation suggests that three of the student chemistry teachers were
tending to operate at the stage of planning actions based on their reflections rather
than actually following up and enacting those plans (as with Alice). On the other
hand, this finding can be seen as evidence that the mechanism we described for
enhancing pPCK via ePCK (see Stepwise development of pPCK in the Theoretical
Framework) can be supported by the applied assignments (i.e., Lesson Preparation
Form, Lesson Evaluation Form and Lesson Reflection Form). How exactly the com-
plexity or depth of the student teachers’ reflections and the personal factors account
(as amplifiers and filters, see Table 9.5) for the remaining individual differences in
student teachers pPCK is an interesting subject for future research—so too is the
relationship of pPCK development with the student teachers’ (evolving) stages of
cognitive development (see the Introduction). We also look forward to clarifying the
role and position of extra-personal factors (i.e., aspects of the Learning Context in the
RCM) as further research, which we look forward to. Finally, it would be interesting
to relate the above findings to the four challenges connected to a one-year teacher
training programme as mentioned in the introduction.

Despite many unanswered and/or new questions arising, we think our findings
so far can inform new ways of tailored scaffolding of (student) science teachers’
pPCK development. On a more theoretical level, our method allowed for a cross-
sectional analysis combining three models connected to PCK development. The
extreme cases in Table 9.5 show an interesting co-occurrence of differential features
in terms of the respective models. This finding suggests a deeper relationship, which
is worthwhile studying in more depth. Our typification of student science teachers’
pPCK development was supported by their self-portrayals as a teacher, by means of
metaphors elicited from them at the end of the teaching methodology course, inde-
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pendently of our study (cf. Saban, Kocbeker, & Saban, 2007). The student teachers’
self-constructed metaphors were silversmith, encyclopaedia, puppy and new-born
deer for Alice, Ben, Cindy and Debbie, respectively. These metaphors support the
view that the student science teachers’ personal knowledge and beliefs (including
PCK) are related to perceptions of their professional role, as in Hong’s (2002) study.
As a consequence, one can imagine additional ways to stimulate PCK development
by incorporating deeper levels of reflection that implicate the student science teach-
ers’ sense of mission in their work, and their perceptions of professional identity
(c.f., CoRe Reflection; Korthagen & Vasalos, 2005).

A limitation of themethodwe used in our study is its sensitivity to incomplete data
sources, which explainswhy the data concerning the remaining three student teachers
had to be excluded from our analysis. Another limitation is the absence of method
triangulation through our decision to use only authentic sources. The incorporation
of two lesson series in the data collection (data triangulation) was meant to (partly)
compensate for this shortcoming.

The Lorentz workshop in December 2016 followed up on the work of the PCK
Summit held in Colorado Springs, 2012. Whereas the Colorado Springs Summit
focused on the concept of PCK resulting in a consensus model, known as the Con-
sensus Model (CM), at the Lorentz Center meeting we focused on the instruments
used in PCK studies, the data that were collected with these instruments, and the
procedures used to infer PCK from these data. Strengths and weaknesses of differ-
ent instruments and procedures of PCK data collection and analysis were discussed
leading to a refinement of the CM stemming from the First (1st) PCK Summit. For us
personally, the fruitful discussions with fellow PCK investigators led to interesting
reflections on the study discussed in this chapter, in particular about the value of
student teachers’ evaluations immediately following execution of a lesson. The eval-
uation forms (Table 9.2) turned out to be the richest information source for analysing
the student science teachers’ pPCK development. The apparent importance of this
evaluation moment led us to extend the corresponding form, most importantly pre-
senting the lesson as a learning opportunity for the student science teachers with a
question regarding their most important learning experience, and a question referring
to meaningful moments for the learning of their students, thus stimulating evaluation
of the lesson in a more comprehensive way.
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Chapter 10
Investigating Practising Science
Teachers’ pPCK and ePCK Development
as a Result of Collaborative CoRe Design

Jared Carpendale and Anne Hume

Abstract This chapter reports on one case from a cross-case study exploring how
collaborative Content Representation (CoRe) design can be used to develop science
teachers’ personal and enacted pedagogical content knowledge (pPCK and ePCK).
These conceptualisations of PCK are components of the Refined Consensus Model
(RCM) of PCK (see Chap. 2 of this book). The cross-case study focused on three
cases involving science teachers with a limited physics background. Each case study
teacher’s initial pPCK and ePCK for teaching an Electricity and Magnetism topic
to a class of 14-year-old New Zealand students were determined prior to the CoRe
design intervention using data from interviews and classroom observations. These
teachers then engaged in a collaborative CoRe design workshop with other science
teachers and experienced physics teachers, where individuals shared their PCK with
the whole group and together developed an agreed-upon collective PCK (cPCK)
for teaching this topic. The case teachers were subsequently observed teaching a
second class (similar age and ability students) and re-interviewed about their pPCK
and ePCK development as a result of collaborative CoRe design. The findings from
the reported case study reveal that the intervention had a discernible impact on the
teacher’s pPCK and ePCK, notably: deeper understanding of physics concepts; new
ways to represent concepts to students; and greater awareness and consideration of
what students may be thinking in their lessons.

Introduction

The study presented in this chapter was part of research conducted for a Doctor of
Philosophy degree, which built on the previous work investigating ways to enhance
and monitor science teachers’ pedagogical content knowledge (PCK) development
using collaborative Content Representation (CoRe) design. The conceptualisation

J. Carpendale (B) · A. Hume
University of Waikato, Hamilton, New Zealand
e-mail: jared.carpendale@gmail.com

A. Hume
e-mail: annehume@waikato.ac.nz

© Springer Nature Singapore Pte Ltd. 2019
A. Hume et al. (eds.), Repositioning Pedagogical Content Knowledge in Teachers’
Knowledge for Teaching Science, https://doi.org/10.1007/978-981-13-5898-2_10

225

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-5898-2_10&domain=pdf
mailto:jared.carpendale@gmail.com
mailto:annehume@waikato.ac.nz
https://doi.org/10.1007/978-981-13-5898-2_10


226 J. Carpendale and A. Hume

of PCK portrayed in the Refined Consensus Model (RCM) of PCK, in Chap. 2 of
this book, informs this study into the development of science teachers’ personal
PCK (pPCK) and enacted PCK (ePCK) for teaching an Electricity and Magnetism
topic to 14-year-old students in New Zealand after taking part in collaborative CoRe
design. The rationale for using the RCM to inform this study was twofold: first, the
model incorporated ideas from previous PCK conceptualisations and frameworks,
along with opinions of well-respected members of the PCK research community;
second, it provided a useful framework for viewing and researching the knowledge
exchanges that occurred between a group of teachers working collaboratively, and
how those exchanges may influence their individual knowledge and practise.

Two research questions from the Doctor of Philosophy project form the focus of
this chapter. They are:

1. In the New Zealand context, what does the personal and enacted pedagogical
content knowledge (pPCK and ePCK) of junior science teachers with a limited
physics background look like for teaching Electricity and Magnetism to 14-year-
old students?

2. What impact does collaborative CoRe design have on the pPCK and ePCK devel-
opment of junior science teachers with a limited physics background for the topic
of Electricity and Magnetism for 14-year-old students in New Zealand, when
working collaboratively with experienced physics and junior science teachers?

Context

Data collection took place in a large boys’ secondary school (approximately 2250
students, 13–18 years old) in New Zealand. The science department had 22 science
teachers, nine of whom took part in this study. The junior science programme (first
two years at secondary school) encompasses the disciplines of physics, chemistry,
biology, and Earth science, while in the senior school (last two years at secondary
school) these disciplines become separate programmes. All science teachers at the
school are required to teach junior science, irrespective of their particular subject
specialisation. Thus, it is very common for some teachers to be teaching topics in
junior science where they have a limited background, especially in terms of content
knowledge.

The researcher’s (1st author) initial contact with the school, to introduce the study
and identify potential participants, occurred in a meeting between the researcher and
the school principal. During discussions about the intentions of the study and the roles
of participants, the principal began singling out potential participants with respect
to their attributes and how these aligned with various roles within the project. Nine
teachers were identified and placed into three groups (three teachers in each). Whilst
all nine teachers took part in the study, the Group One teachers were the primary
focus and each teacher represented an individual case for investigating pPCK and
ePCK development.
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Details of the membership of each group are provided below, including key
attributes and roles within the project. A summary of the teachers’ personal back-
ground information is also provided in Table 10.1.

Teachers were assigned to the three groups:

Group One: Practising science teachers with a limited physics background. The
principal identified these participants as teachers who would benefit from their PCK
being strengthened for the Electricity and Magnetism topic. When approached to
take part in the study, these teachers were enthusiastic about developing their PCK
for this topic and willing to have their PCK development as the focus of the research.
Group Two: Experienced junior science teachers who do not have a strong back-
ground in physics. The principal regarded these teachers as effective teachers for
junior science, but they were not physics specialist teachers. The principal and
researcher felt the presence of these teachers would bring useful pedagogical insights
into the CoRe design process, thus contributing to the PCK development of the focus
teachers.
Group Three: Experienced physics teachers. The principal endorsed these teachers
as effective junior science and physics teachers and felt these teachers would be able
to tap into their extensive professional knowledge and experience to support and
enhance the professional development of the whole group.

Table 10.1 Background information of participating teachers showing group memberships, names
(pseudonyms), subject specialisations, years at the study school, and total years of teaching

Group Name
(pseudonym)

Subject
specialisation(s)

Years at study
school

Years of teaching
(total career)

1 Tony Biology 6 6

David Horticulture and
Agriculture

20+ 29

Alan Physical
Education

3 10

2 Harry Biology 20+ 35

Kate Chemistry 8 8

Lucas Biology and
Horticulture

7 10

3 Nick Physics and
Electronics

17 17

William Physics and
Electronics

15+ 40+

Chris Physics and
Electronics

15 35
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Study Design and Literature Review

An interpretivist-based methodology (Guba & Lincoln, 1989) was used in this study
as it sought to develop theories and explanations that are contextually bound (Cohen,
Manion, & Morrison, 2011; Treagust, Won, & Duit, 2014). The methodology at its
heart had a multiple-case study approach (Yin, 2014), which utilised qualitative
research methods. Each Group One teacher represented an individual case, which
was developed separately. Cross-case comparisons followed and conclusions were
drawn.

As stated earlier, the RCM presented in Chap. 2 of this book was used as a
conceptual framework to inform this study (see Fig. 10.1). The strength of this model
lies in the incorporation ofmultiple researchers’ ideas and conceptualisations of PCK
in science teacher education, its identification of the unique and personal nature of
PCK (via pPCK), and its acknowledgement of the multiple sources and influences on
a science teacher’s personal professional knowledge for teaching particular content
to particular students. By introducing enacted PCK (ePCK), as a form of PCK firmly
placed within the classroom context, the model shows how science teachers access
and utilise their pPCK when they are planning, teaching, and reflecting.

The study presented here focuses on the knowledge exchanges occurring between
different layers of the RCM, represented in the model above by the double-headed
arrows. Of special interest is the impact these exchanges have on the knowledge
transitions that occur for individual science teachers as they transform collective PCK

Fig. 10.1 Refined consensusmodel (RCM) of pedagogical content knowledge (PCK) (see Chap. 2)
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(cPCK) to pPCK and ePCK. These transformations are influenced by the moderating
effects of the learning context and the amplifying and/or filtering effects of teachers’
attitudes and beliefs. In the RCM, ePCK encompasses a cycle of planning, teaching,
and reflecting. However, while elements of teachers’ planning and reflecting were
revealed in this study during data gathering (e.g., discussions about the CoRe for
planning after taking part in the workshops and asking teachers to reflect on lessons,
and how that might influence future lessons in final interviews), the primary focus
when exploring ePCK was on teaching science and the teachers’ classroom actions.
This focus was necessary to keep the project manageable for a doctoral study.

As a PCK form, cPCK is described inChap. 2 as the knowledge shared by different
science educators, which can be documented, shared, and understood by other teach-
ers in a broader community. Formal documented and/or published cPCK provides a
guide of canonical best-practice professional and pedagogical information for teach-
ing particular science content to particular students, in a particular “learning context”
as portrayed in the RCM (see Fig. 10.1). A less formal articulation of information
and knowledge, such as that synthesised within a CoRe document by a group of
science teachers working collaboratively, is potentially a useful practice-based con-
ceptualisation of cPCK for professional learning and research purposes in science
teacher education—the CoRe produced represents “localised” cPCK with respect to
a particular learning context, which may/may not be in contrast with documented or
canonical cPCK.

CoRes were originally devised in a template form (see Table 10.2 on the following
page) in an effort to capture a holistic picture of the PCK possessed by a group of
expert science teachers for a particular topic (Loughran, Berry, & Mulhall, 2006).
These original CoRes proved to be valuable pedagogical tools for teacher educators
because they unpack PCK in explicit ways that reveal the key ideas to be learned
by students, their prior knowledge, learning difficulties and likely misconceptions,
suitable instructional approaches and strategies, and appropriate assessment. Like
any innovation in education, others took this original idea and gave it new uses. For
example, some science teacher educators challenged their pre-service teachers or
early-career teachers to create their own CoRes (e.g. Hume, 2010; Hume & Berry,
2011, 2013) using a CoRe template (see Table 10.2) to illustrate aspects of their
emerging and developing pPCK for science teaching.

When filling in a CoRe template, either as an individual teacher (to represent their
pPCK) or a group of teachers working collaboratively (to represent their localised
cPCK), decisions must be made about what they believe are the big ideas of a science
topic to be learned by students. Then a series of pedagogical prompts and questions,
within the template, serve to interrogate anddrawout teachers’ pedagogical reasoning
behind their choice of actions to help students develop an understanding of the big
science ideas. When addressing these prompts and questions as they complete the
CoRe, “teachers access canonical knowledge about their topic and organise it in a
way that will be useful for planning instruction” (Gess-Newsome, 2015, p. 33). The
resultant CoRe, which can be viewed as a manifestation of cPCK, can also create
a platform for initiating and/or strengthening individual science teachers’ pPCK
development for each of the participating teachers. CoRe design has been shown to
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Table 10.2 Template for a Content Representation (CoRe) (adapted from Loughran et al., 2006,
p. 28)

Pedagogical questions/prompts Big idea 1 Big idea 2 Big idea 3

What you intend the students to learn about this idea?

Why is it important for the students to know this?

What else you know about this idea (that you do not
intend students to know yet)?

Difficulties connected with teaching this idea

Knowledge about student thinking which influences
teaching about this idea

Other factors that influence your teaching of this idea

Teaching procedures (and particular reasons for using
these to engage with this idea)

Ways of ascertaining student understanding or
confusion about the idea

have positive effects on pPCK development of teachers (pre-service, early-career,
and out-of-field), especially when done in collaboration with experienced mentor
teachers or content experts (e.g., Hume, 2015; Hume & Berry, 2011, 2013; Hume,
Eames, Williams, & Lockley, 2013; Nilsson & Loughran, 2012).

Building on the previous research that explored collaborative CoRe design for
developing PCK in science, this study investigated the development of the Group
One teachers’ pPCK and ePCK after working collaboratively with six other science
colleagues from their school to develop a CoRe. The resultant CoRe represents the
cPCK of all nine participants who teach within the Learning Context of Year 10
Electricity and Magnetism at their school. To mitigate the identified issue of needing
support from people outside of the school environment (Hume et al., 2013), peda-
gogical and content expertise was sourced within the school from current teaching
staff (i.e., other participants detailed in Table 10.1).

This study involved three distinct phases:

Phase 1: Generating a baseline understanding of Group One teachers’ pPCK and
ePCK.
Group One teachers were interviewed to explore aspects of their initial pPCK about
teaching Electricity and Magnetism to 14-year-old students and then observed teach-
ing this topic to determine their initial ePCK.
Phase 2: CoRe design workshops for professional learning.
All nine teachers participated in two CoRe design workshops. The first workshop
was an introduction to CoRe design, where participants shared experience and exper-
tise while collaboratively creating a CoRe for teaching The Nature of Science and
Scientific Inquiry topic to 14-year-old students. In the second workshop, all nine
teachers worked collaboratively again to design another CoRe for the Electricity and
Magnetism topic for 14-year-old students.
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Phase 3: Evaluating the influence of CoRe design.
Guidedby the collaborativeElectricity and MagnetismCoRe, theGroupOne teachers
planned and taught this topic again to a different class of similar ages and ability
to the class in Phase 1 of the study. After CoRe design and prior to re-teaching
this topic again, Group One teachers were interviewed about their self-perceived
pPCK development and their experiences with collaborative CoRe design. They
were then observed teaching this unit to determine their ePCK post-CoRe design.
After teaching the topic again, they were interviewed one final time about changes
to their professional knowledge and what they did differently in the classroom. After
the CoRe design workshops, Group Two and Three teachers were interviewed about
how collaborative CoRe design could enhance pPCK and their experiences with
collaborative CoRe design.

Data Collection

Table 10.3 summarises the data that was collected during the study.
Detailed information is now provided about each of the data collection methods

and tools.

Table 10.3 Data collected during this study

Phase Data collected

1 Audio-recorded, semi-structured individual interviews with Group One teachers
about teaching science and Electricity and Magnetism topic to 14-year-old students

Video-recordings of Group One teachers’ classroom lessons when teaching
Electricity and Magnetism topic (Class 1)

2 Audio-recording and observations using field notes of teachers participating in The
Nature of Science and Scientific Inquiry CoRe design workshop

Audio-recording and observations using field notes of teachers participating in the
Electricity and Magnetism CoRe design workshop

3 Audio-recorded, semi-structured individual interviews with Group One teachers
exploring their perceptions of CoRe design and its effectiveness for enhancing PCK

Audio-recorded, semi-structured focus group interviews with Group Two and Three
teachers exploring their perceptions of CoRe design and to judge its effectiveness for
enhancing PCK

Video-recording of Group One teachers’ classroom lessons when teaching Electricity
and Magnetism (Class 2)

Audio-recorded, semi-structured interviews with Group One teachers to explore how
they think their pPCK and ePCK had developed as a result of collaborative CoRe
design
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Interviews

As each of the Group One teachers represented a separate case for this study, each
semi-structured interview was individual. In contrast, when Group Two and Three
teachers were interviewed, a semi-structured focus group format was utilised to
increase time efficiency and to allow for rich data as multiple people can be inter-
viewed at once, which can encourage participants to build on each other’s ideas
(Flick, 2014; Patton, 2014; Watts & Ebbutt, 1987). The semi-structured style was
employed using a set of predetermined guiding questions, with the flexibility to
explore responses further or seek clarification (Bogdan&Biklen, 2007;Kvale, 1996).
The same guiding questions were used for all interviews, except for the final inter-
views as only Group One teachers were involved.

For theGroupOne interviews in Phase 1, theRCM, alongwith previous PCKmod-
els such as the work of Magnusson, Krajcik, and Borko (1999) and Gess-Newsome
(2015), were used to develop interview questions about researchable entities of
pPCK. Questions were asked about participants’ knowledge of curricula, knowl-
edge of students understanding in science, knowledge of instructional strategies, and
knowledge of assessment strategies.

After taking part in collaborative CoRe design, all participants were questioned
about their experiences with the process, including what they saw as being valu-
able and what limitations they faced. They were also asked about how the process
could develop pPCK for science teaching and how their own pPCK may have been
affected. For their final interview, after teaching their second class in the last phase
of the study, Group One teachers were questioned about their self-perceived pPCK
and ePCK development and any causal links with the content and/or process of
collaborative CoRe design.

Observing Lessons

The complexity of capturing science teacher’s professional knowledge meant that an
approach using both interviews and observations was advisable. The approach used
in this study reflects information and guidance found in the literature for capturing
PCK and ensuring conclusions are trustworthy (e.g., Bryman, 2016; Henze & van
Driel, 2015). However, during data collection, the principal researcher (1st author)
was teaching full time, so personally attending and observing an adequate amount of
lessons for a dependable and trustworthy analysis were not feasible. After discussion
within the supervisory team, the pragmatic decision was made to video-recorded
lessons.

Most of the Electricity and Magnetism lessons taught by the Group One teachers
were video recorded and available for observing by the researcher later. Lessons
were one-hour duration. Four lessons from each teacher were chosen for analysis
pre-CoRe design and another four post-CoRe design. Those chosen for both pre-
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CoRe and post-CoRe design included the introductory lesson, a practical lesson, and
two others, which reflected discussions the teacher had during the workshop. These
lessons were analysed using an observation protocol, which is discussed later in this
chapter.

Facilitating the CoRe Design Workshops

Taking part in collaborative CoRe design can be a challenging experience (Hume &
Berry, 2011, 2013), so it was decided that the first workshop would be a pilot/trial
exercise for the participating teachers. To facilitate the development of the partici-
pants’ capabilities in CoRe design, a Nature of Science and Scientific Inquiry CoRe
was developed in the first workshop since elements of its design could be connected
to an existing science topic at the study school. Thus, participants were likely to have
varying levels of experience and understanding of teaching related science concepts.
As further support, participants were asked to read an article about the nature of
science and scientific inquiry (see Lederman, Antink, & Bartos, 2014a) before the
workshop. This initial workshop, facilitated by the 2nd author, started with an intro-
duction to the construct of PCK, the use of CoRes in capturing PCK, and the purpose
of CoRe design in this study. Further discussions and works around the nature of
science and scientific inquiry resulted in participants establishing the following key
understandings: the nature of science refers to knowledge in science, while scientific
inquiry refers to practices in science.

After the first hour of discussion, the teachers were asked to complete the views
about scientific inquiry (VASI) questionnaire (see Lederman et al., 2014b) to explore
their views on the nature of scientific inquiry. Responses were then discussed, after
which the teachers were assigned to one of three Working Groups—each comprised
three members, one from Group One, one from Group Two and one from Group
Three, as shown in Table 10.4 below.

In these Working Groups, the teachers discussed what they understood to be key
concepts and skills underpinning the nature of science and scientific inquiry, writing
each on separate pieces of card. The facilitator promoted a whole group discussion
where all the ideas were shared, collated, and themes identified. The key themes were
recorded on the whiteboard and used by the whole group to develop big ideas (in
the form of propositional statements) for the topic. These big ideas formed the basis
upon which the teachers could begin working in their Working Groups to complete

Table 10.4 Working Group memberships for CoRe design workshops

Original study group Working Group One Working Group Two Working Group Three

Group One Alan Tony David

Group Two Lucas Harry Kate

Group Three Chris Nick William
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a CoRe. As they worked, the facilitator moved amongst the groups and interacted
with each group in turn as they addressed the pedagogical prompts within the CoRe
template. In the final stage of the three-hour workshop, each Working Group shared
and collated their outcomes as a single partially completed CoRe, which represented
the groups’ cPCK on the topic.

One week later, the teachers took part in another CoRe design workshop, this
time for the Electricity and Magnetism topic (in the same Working Groups). Since
they had recent experienceworkingwith CoRe design, introductory discussionswere
brief. The workshop facilitator recapped key PCK ideas and then addressed and/or
revisited four CoRe-related points on the whiteboard:

1. Possible resources—what resources would be useful for this particular exercise?
2. Brainstorm concepts and skills—the first step in CoRe design for any topic.
3. Use of these concepts/skills to identify themes from which “big ideas” are devel-

oped.
4. Complete CoRe—for sharing of professional knowledge (stay in groups to create

three separate CoRes, or work as one big group on one shared CoRe?)

This introductory discussion lasted 10min, and then teachers commencedwork on
identifying key concepts and skills for Electricity and Magnetism. Resources, which
the teachers identified and used to inform their decisions, included a copy of the New
Zealand Curriculum (NZC) document (Ministry of Education, 2007) and NCEA
assessment information for the Year 11 topic Electricity and Magnetism (NZQA,
2010). After 30 min, all identified concepts and skills were shared in the larger group
where participants discussed the suitability of each particular science concept/skill
for teaching to 14-year-old students in turn and collectively decided on its inclusion
or not. Using these selected concepts/skills, the individual groups then worked to
identify big ideas, which were to be written as propositional statements. Again, the
information from the groups was shared, and seven big ideas were generated from
this collective information. In the interest of time, the groups decided to select two
or three big ideas per Working Group to address, and afterwards, the work of each
Working Group was combined with that of others to produce a completed CoRe.
This workshop was three hours in duration.

During both CoRe design workshops, all discussions were audio-recorded.
Recording discussions was achieved by having digital recorders placed where each
group was working—the recorders also captured whole group discussions. In addi-
tion, throughout the workshops, the first researcher also took detailed field notes
about interactions that took place. At the end of each workshop, all CoRe materials
were submitted to the researcher who collated thematerials into one CoRe document.
This single CoRe was then sent back to all participants for verification purposes.



10 Investigating Practising Science Teachers’ pPCK and ePCK … 235

Data Analysis

To determine the pPCK and ePCK of each Group One teacher, and any possible
development, the data were analysed thematically via a deductive approach (using
the RCM primarily to inform the analytical framework) and an inductive approach
(by identifying any emergent themes from the data pertinent to the research objec-
tives). To construct the analytical framework for analysing pPCK and ePCK, key
parameters of the RCM needed to be identified. For example, these analytical param-
eters for analysing pPCK from interviews were the teachers’ knowledge of curricu-
lum; students’ understanding and learning; topic-specific instructional strategies;
and, assessment strategies.

To analyse the Group One teachers’ ePCK from the video-recorded lessons, an
observational protocol was developed that included a rubric identifying three compo-
nents of ePCK along with 10 quality indicators. Each quality indicator was assessed
as being either limited, basic, proficient, or advanced. The design of this rubric was
based on: the previous PCK research (e.g., Alonzo, Kobarg, & Seidel, 2012; Gardner
& Gess-Newsome, 2011; Lee, Brown, Luft, & Roehrig, 2007; Park, Jang, Chen, &
Jung, 2011); the pedagogical prompts from theCoRe (i.e. Loughran et al., 2006); and,
outcomes of discussions from the second PCK Summit about generating a “grand
rubric” (reported in detail in Chap. 12 of this book).

The components and their quality indicators (and abbreviations) were:
Subject Matter Knowledge

• Appropriateness of the concepts (appropriateness)
• Scientific accuracy of the explanation of the concepts (accuracy)
• Links and/or connections made to other concepts (concept links)
• Links made (implicit or explicit) to the nature of science or scientific inquiry
(NoS/SI links)

Knowledge of Student Understanding

• Recognition of possible prior knowledge, difficult concepts, or misconceptions
(prior knowledge)

• Variations in student understanding and learning are identified which is used to
guide instruction (variations in understanding)

• Questions are used to probe or extend student understanding (questions).

Knowledge of Instructional Strategies

• Appropriate sequence for teaching concepts (sequencing of concepts)
• Relevant examples and/or representations are used, which appear to be pedagogi-
cally effective at portraying the concept (example and representations)

• Strategies that allow for metacognition (metacognitive strategies).

A copy of the full rubric used for analysis can be found in Appendix 1 of this
chapter.
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Findings

This study yielded an extensive and rich database, which cannot be reported upon
fully in this chapter. However, to give an indication of how collaborative CoRe design
impacted on teachers’ pPCK and ePCK in this study, the findings from one case
study will be presented (i.e., one Group One teacher). Tony’s case was selected for
presentation since it signals, and at times confirms, the potential of the intervention
for pPCK and ePCK enhancement.

Tony’s Initial pPCK for Teaching Electricity and Magnetism
to 14-Year-Old Students

During his initial interview, Tony saw science as an important school subject, reason-
ing it helps students to understand the world around them. However, when talking
specifically about teaching the Electricity and Magnetism topic, his focus appeared
to change as he commented, “I want them [students] to do well in the test”. Tony
explained that the test referred to a departmental assessment created by the head of
junior science to assess “certain outcomes that we have to cover”. Tony was unsure
about the source of these outcomes, but suggested they could be from the NZC.
Responding to further questions about the role of these outcomes in his teaching, he
felt they were his top priority and he did not teach beyond their scope, emphasising
“first and foremost, I need to make sure I cover those, because of the time limitations
we have … I don’t go beyond them, I try and cover them”.

Tony felt the nature of science was about “finding out why things happen”, and he
tried to incorporate that notion into his lessons bypromoting students to be inquisitive,
stating “I like them to ask questions. I want them to be curious about what’s going
on. I want them to be interested in what’s around them. I like to encourage then
to, if you want to know something, then try and find out”. He was unsure about
the phrase “scientific inquiry”; however, with prompting from the researcher about
scientific processes, he offered some insights about their inclusion in his lessons,
notably around his use of questions and some contextual restraints. He explained,
“if you want to do that, you need more questions at the start of the topic. It comes
back to a time limitation to be honest, and then how do you measure how successful
it is? How do you tell if they’ve learnt something?”

Regarding students’ prior knowledge, Tony felt they needed some basic under-
standings before starting this unit. Hewas aware students had different learning needs
and styles, commenting “they all learn differently”. To accommodate for students’
needs, he mentioned using videos initially for enjoyment purposes, but focused on
ensuring that students had the opportunity to make circuits, so they could make cog-
nitive linkages to concepts. He argued “I reckon a lot of students are tactile learners
– they like to make things. Then once they can see it, hopefully they can make sense
of it when it comes to circuit diagrams. Or doing stuff like that, it will make sense”.
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When he taught this unit, Tony’s strategy was to “start with something fun”, then
“give them some notes about what is electricity, some definitions for voltage and
current. I try and get them practical work as soon as possible … So, try and get
them onto those to make a circuit”. He gauged students’ understanding by their
ability to “pass the test” and his approach to formative assessment during lessons
featured strategies for preparing students for their test. When asked about how he
might use information obtained from these formative assessment strategies in class,
Tony explained “I don’t record it. But I do identify students who I think need work.
So, you know, you can figure out who’s onto it and who’s not”.

Tony’s Initial ePCK for Teaching Electricity and Magnetism
to 14-Year-Old Students

The four video-recorded pre-CoRe design lessons selected to determine Tony’s base-
line ePCK included his: introductory lesson; third lesson, featuring explanations and
discussions around series and parallel circuits; fourth lesson, where students made
simple circuits; and sixth lesson, developing explanations about voltage, current,
and resistance. In the lessons, most students were engaged in the learning tasks,
particularly during practical activities.

Tony’s teaching style was identified as teacher-centred with lessons frequently
featuring a pre-made PowerPoint, unless the lesson involved practical work. He
typically directed students to copy notes from the PowerPoint, drawing attention to
underlined keywords that were to be tested. This PowerPoint was used with other
classes, and on one occasion when the data projector failed, he expressed frustration
and said “right, plan B… I have to write this, this [is a nuisance]”.

Tony’s lessons were analysed for his ePCK using the rubric discussed earlier, and
Table 10.5 shows a summary of these results.

Linking Tony’s Initial pPCK and ePCK

When comparing findings from Tony’s interview and lesson observations, six key
links were seen between his initial pPCK and ePCK, which are summarised below:

• The influence of assessment on Tony’s teaching was a prevalent theme throughout
his pPCK interview and classroom actions. During the interview, Tony spoke about
wanting his students to pass tests, andwhilst teaching, hemade frequent references
to taking notes from the PowerPoint and learning definitions as they would be in
the test.

• Tony talked in his interview aboutwanting his students to be inquisitive in class and
ask questions. However, the observations reveal when students did ask questions
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Table 10.5 Summary of the results from analysing Tony’s four video-recorded lessons using the
rubric developed for this study

ePCK indicator Lessons

1 2 3 4

Subject matter knowledge

Appropriateness Proficient Proficient Advanced Advanced

Accuracy Proficient Proficient Proficient Proficient

Concept links Basic Basic Basic Proficient

NoS/SI links Limited Basic Proficient Basic

Knowledge of student understanding

Prior knowledge Basic Basic Proficient Limited

Variations in understanding Limited Limited Basic Limited

Questions Basic Basic Basic Basic

Knowledge of instructional strategies

Sequencing of concepts Basic Proficient Basic Proficient

Examples and representations Proficient Proficient Basic Proficient

Metacognitive strategies Limited Limited Limited Limited

in class, he rarely engaged with what they were asking and sometimes appeared
to ignore them.

• Tony spoke about students learning science, so they could understand the world
around them. He used examples in his practice, but these were largely ineffectual
in the teaching of the desired concept.

• Tony’s lack of understanding about the nature of science and scientific inquiry in
the interview was also apparent in the lessons, as he made very few explicit or
implicit references and/or links to these aspects in his teaching.

• In his interview, Tony talked about finding out about student understanding (in
an informal way) and using that information to guide instruction. However, this
strategy was rarely used in lessons with Tony following a tight schedule dominated
by his PowerPoint notes.

• In the lessons, Tony did use practical work to help student understanding, as
indicated during his interview. However, the practical work undertaken by the
students appeared largely ineffectual in the teaching of the desired concept(s).

Tony’s CoRe Design Contributions and Experiences

Tony collaborated with his teaching colleagues Nick and Harry for the CoRe design
workshops. All three teachers engaged in relevant discussions aroundwhat the teach-
ing and learning of the important Electricity and Magnetism concepts and skills
entailed. In this discussion, Nick (experienced physics teacher) frequently took the
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lead, offering ideas that he believed to be pertinent to the pedagogy of Electricity
and Magnetism for 14-year-old students. For example, early in the workshop, when
analogies were first mentioned by Tony, Nick explained “teachers need to be careful
and selective when using analogies for teaching some difficult-to-understand con-
cepts in Electricity andMagnetism, because the result could be that students develop
strong misconceptions”.

During these discussions, Nick also offered detailed explanations to his colleagues
about the importance of understanding the conservation of charge and energy to teach
this topic. In one instance, he drew diagrams showing series and parallel circuits
and explained that “it doesn’t matter which way charges go, they lose energy”. Tony
mentioned that this concept can be confusing, towhichNick responded “yes, it is, you
need to distinguish between everything … it is all about gaining and losing energy,
and that energy in must equal energy out”. This explanation and the diagrammatical
representations Nick provided proved to be key points that Tony took away from the
CoReworkshop.When interviewed aboutwhat impact theElectricity and Magnetism
CoRe might have on his practice, Tony recalled this information and redrew the
diagrams indicating that he would teach it this way in the future.

During the determination of the concepts and skills for determining the big ideas
for the CoRe in his group discussion, Tony’s first comment was students need to
learn “definitions of current and voltage”, to which Nick replied “it’s not definitions.
It’s understanding of what it actually is”. As the workshop progressed, Tony also
commented that “you need to give them [students] enough to understand, but not too
much to confuse them” in reference to some of the suggested ideas being pitched
at a level that was too advanced. Tony’s group subsequently identified the following
six big ideas:

1. Voltage is the difference in energy between two points.
2. Magnets produce magnetic fields which exert a force on other magnets.
3. Rubbing materials together can lead to a separation of charge.
4. Current is the flow of charge.
5. Wires are full of charges and they all move, or none move.
6. Charges produce electric fields which exert a force on other charges.

Their big ideas were shared and compared with the other groups’ big ideas, and
through a process of negotiation and mediation, guided by the facilitator, seven key
big ideas emerged that reflected the collective thinking of all nine participants.

The collective big ideas were:

1. Charges produce electric fields which exert a force on other charges.
2. Current is the flow of charge.
3. Voltage is the difference between the two points.
4. Ohm’s law is the relationship between current, voltage, and resistance in a closed

circuit.
5. Circuit diagrams are representations of electrical circuits.
6. Electrical circuits can be constructed to solve problems.
7. Magnetism is another effect of moving charge.
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To ensure the CoRe was completed within the timeframe, the seven big ideas
above were split amongst the groups. The first three listed above were addressed by
Tony’s Working Group, and their contribution is shown in Appendix 2.

In the post-CoRe workshop interview, Tony commented that he found working
collaboratively in that style to be useful and would be interested working in that
way in the future. He recognised that the CoRe design process “enables you to
break a topic into smaller bits, so it seems less overwhelming”, and during the
design of theElectricity and Magnetism CoRe “it was useful to get some clarification
and confirmation about teaching certain concepts”. Tony also acknowledged how
useful it was to have Nick in his group, as he could learn from his expertise, stating
“having a guy who knows what he’s doing, and then you can just get clarification
and confirmation, or if you have a question you can ask straight away… If you want
to know about physics, go and talk to a physics guy”.

Tony’s pPCK Development

Post-CoRe design, Tony felt that collaborative CoRe design can enhance a teacher’s
pPCK for science teaching as it has potential to “give people different ideas about
doing stuff. There might be other ways of doing things that haven’t been thought
about”. While he judged the first workshop did not enhance his pPCK about teaching
The Nature of Science and Scientific Inquiry, he felt the second Electricity and
Magnetism workshop did have an impact. In his post-CoRe design interviews, Tony
identified aspects related to his subject matter knowledge and knowledge of topic-
specific strategies as two areas of enhancement for his Electricity and Magnetism
pPCK. He was particularly focused on a new way to teach students about energy and
charge in both series and parallel circuits, which he had taken from the workshop:

Nick talked to me about how to explain the concept of voltage… Why voltage is the same
in a parallel circuit and different in a series circuit. He explained it in quite a good way.
He drew a series and parallel circuit and explained how the voltage is shared. [Tony redrew
Nick’s diagrams]

He described how these explanations had helped his understanding and how he
wanted to use them in the future with his students as it made the concept easier for
them to visualise and understand. He also spoke of how he and David (another Group
One teacher) had worked together with the completed CoRe to prepare for teaching
their post-CoRe design class.

Tony indicated that his knowledge of students’ understanding and learning had
also improved, but did not elaborate or give examples. Similarly, he felt that the
CoRe design process was focused on teaching concepts as opposed to assessment
strategies, so he did not offer any information about howhis knowledge of assessment
strategies may have developed.
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Tony’s ePCK Development

The four video-recorded post-CoRe design lessons selected for analysis included his:
introductory lesson; second lesson, featuring explanations about charged particles,
voltage, and current; third lesson, where students explored differences between series
and parallel circuits and the Ohm’s law relationship; and fifth lesson, where students
made simple circuits and took measurements. Again, most students were engaged in
the lessons, particularly during practical work.

Tony’s teaching style was again identified as predominantly teacher-centred with
a focus on students taking notes. However, there were now some instances during his
lessons where Tony engagedwith students and challenged their thinking, particularly
why they thought in a certain way. Again, Tony had a PowerPoint for this class, but
the slides were different to those used previously.

To evaluate ePCK enhancement, post-CoRe observational data was compared to
that obtained pre-CoRe. A summary of the post-CoRe rubric analysis is presented
in Table 10.6, along with an indication in the last column of enhancement (or not)
to each of the ePCK quality indicators compared to pre-CoRe results, where “–”
represents no change, and “↑” represents development.

In both pre- and post-CoRe Y10 classes, the concepts that Tony taught were
appropriate for students at that level. Links to the nature of science and/or scientific

Table 10.6 Summary of the results from analysing Tony’s four video-recorded lessons (post-CoRe
design) using the rubric developed for this study and an indication of enhancement

ePCK indicator Lessons Enhancement

1 2 3 4

Subject matter knowledge

Appropriateness Advanced Advanced Proficient Advanced –

Accuracy Advanced Advanced Advanced Advanced ↑
Concept links Advanced Advanced Advanced Proficient ↑
NoS/SI links Basic Basic Basic Proficient –

Knowledge of student understanding

Prior knowledge Proficient Basic Proficient Proficient ↑
Variations in
understanding

Basic Proficient Advanced Proficient ↑

Questions Basic Basic Proficient Advanced ↑
Knowledge of instructional strategies

Sequencing of
concepts

Advanced Basic Proficient Proficient ↑

Examples and
representations

Advanced Proficient Advanced Proficient ↑

Metacognitive
strategies

Basic Basic Basic Proficient ↑
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inquiry, by the way of implicit links, were similar into those in his pre-CoRe design
class, so this aspect of his pPCK and ePCK appeared little changed.

The summary below outlines the developments that occurred in eight of 10 iden-
tified quality indicators of ePCK:

Subject Matter Knowledge

Accuracy

After the CoRe design workshop, Tony’s explanations became more in depth, and
he focused on the underlying principles as well as rules and definitions.

Concept links

Tonymade some links in his pre-CoRe design class, but the explanation that linked
the concepts needed further development. After taking part in the workshop, he
made more links between concepts and offered students well-thought-out expla-
nations about the linkage.

Knowledge of Student Understanding

Prior knowledge

While Tony sought some prior knowledge from students in his pre-CoRe design
lessons, the information obtained was often used in a very limited way. How-
ever, after being involved with CoRe design he seemed much more aware of this
information and attempted to use it more to inform his lessons.

Variations in understanding

Before CoRe design, it was apparent that Tony had certain content he wanted to
get through during lessons, and he often did not deviate from that plan. However,
after the workshop, he became more aware of students’ needs and areas where
they were having difficulty. As a result, he was able to change tack and vary his
pedagogical approach at times to address learning issues that arose.

Questioning

Compared to his pre-CoRe design classes, Tony usedmanymore questionswith his
students and his questions also had more variety. For example, extending beyond
one-word factual questions to asking students to predict and explain phenomena.

Knowledge of Instructional Strategies

Sequencing of concepts

In his pre-CoRe design lessons, it appeared that the intended sequence of concepts
was quite suitable and appropriate for that level of students most of the time.
However, explanations to link changes in concepts were lacking, which resulted
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in students being unsure about what they were learning. In contrast, in his post-
CoRe design lessons Tony offered insightful explanations to students about why
they were changing concepts and how concepts were related.

Examples and representations

While Tony used these strategies in his pre-CoRe design lessons, they were often
ineffectual for portraying the desired concept and his explanations linking the
strategy to the concept were brief, incorrect, or missing. In contrast, his post-CoRe
design examples and representations appeared much more effective at enabling
student learning by being more targeted at building student understanding. He
used Nick’s analogies and diagrams that he encountered during the workshop.

Metacognitive strategies

Tony significantly improved his use of instructional strategies that provoked
metacognition. In his pre-CoRe design class, there were no instances that indicated
purposeful stimulation of students’ metacognition. However, post-CoRe design he
actively encouraged students to think about their own thinking and to express their
ideas.

Discussion and Conclusion

This section interprets, discusses, and evaluates the findings from Tony’s case study
in relation to the research questions and pertinent literature. Each research question
is restated and addressed in turn.

Research Question One

In the New Zealand context, what does the personal and enacted pedagogical content knowl-
edge (pPCK and ePCK) of junior science teachers with a limited physics background look
like for teaching Electricity and Magnetism to 14-year-old students?

The findings presented above indicate that Tony’s initial pPCK and ePCK were
characterised by four features: one related to what he was teaching and three to
how he was teaching. Regarding what concepts were being taught, Tony’s decisions
were dictated by the outcomes provided in the departmental guidelines; that is, he
adhered to these outcomes in his planning and teaching. There is little evidence that
he made autonomous decisions when selecting appropriate concepts to teach, which
is an important attribute of a well-developed pPCK (Park & Oliver, 2008). As he
worked through those outcomes, links to other concepts during lessons were often
overlooked in his teaching, indicating a basic level of pPCK and ePCK (Gardner &
Gess-Newsome, 2011).

When teaching in science, Alonzo et al. (2012) argue the need for teachers
to appropriately sequence concepts, so students can identify the connections and
develop their understanding of those concepts and their relationships with other
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concepts. As concepts transition to others, the sequencing often requires insightful
explanations from teachers about how the concept(s) is changing to ensure students
are developing their conceptual understanding appropriately. The findings revealed
such sequencing of concepts in Tony’s pre-CoRe design class were at a basic pro-
ficient level of pPCK and ePCK (Alonzo et al., 2012; Gardner & Gess-Newsome,
2011).

In terms of how Tony was teaching these concepts, the three identified features
were: responsiveness pedagogically to student’s understanding and learning; the use
of representations and examples, and promoting metacognition; and, the influence
of context.

Responsiveness is regarded as an essential attribute of well-developed PCK, that
is, a teacher’s ability to recognise students’ learning and understanding, and then to
vary his/hers next pedagogicalmove (Alonzo et al., 2012;Gardner&Gess-Newsome,
2011). In other words, teachers need to be pedagogically responsive to student needs
during lessons and adapt their pedagogical approach as required. Since Tony was
reliant on the provided outcomes, his lessons tended to be tightly organised around
delivery of the required information to students. This approach meant he did not
adapt his lessons to be pedagogically responsive when students required learning
assistance, implying a limited to basic level of ePCK (Alonzo et al., 2012; Gardner
& Gess-Newsome, 2011; Lee et al., 2007).

To help students develop their own conceptual understanding, teachers with a rich
PCK for science teaching employ strategies where examples and representations are
used to aid student understanding and metacognition is promoted (Alonzo et al.,
2012; Gardner & Gess-Newsome, 2011; Lee et al., 2007). Students utilise these
examples and representations to explain concepts and to relate newknowledge to their
existing understanding and think about their thinking. In contrast, Tony’s teaching
was characterised by the transmission of information. There were times when he
attempted to use examples and representations, but these were often ineffectual and
instances that provoked metacognition were not seen in lessons, reflecting a limited
to basic ePCK.

The RCM (see Fig. 10.1) places “learning context” as a key influence on teach-
ers’ pPCK and ePCK. This influence was clear for Tony, as contextual constraints
within the learning environment (i.e. the school’s focus on assessment and student
achievement in national qualifications) underpinned his teaching decisions. The find-
ings show that assessment requirements featured prominently in Tony’s pPCK and
ePCK.

Research Question Two

What impact does collaborative CoRe design have on the pPCK and ePCK development of
junior science teachers with a limited physics background for the topic of Electricity and
Magnetism for 14-year-old students in New Zealand, when working collaboratively with
experienced physics and junior science teachers?
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When CoRe design is used as a collaborative process, it has been shown to
enhance teacher’s PCK, particularly for pre-service and early-career science teach-
ers (e.g., Hume & Berry, 2011, 2013; Nilsson & Loughran, 2012). During the CoRe
designworkshop, there weremany instances where knowledge was shared within the
Working Group. Desimone (2009) and Daehler, Heller, andWong (2015) predict this
sharing of knowledge through collaborative efforts supports science teachers’ profes-
sional learning, which was indicated in Tony’s case. Findings showed his pPCK was
enriched, which in turn enhanced his classroom practice, a key aspect of ePCK. This
knowledge sharing underpins the knowledge exchange that occurred between cPCK,
pPCK, and ePCK, as predicted and represented in theRCMof PCKbydouble-headed
arrows, and evidenced in the knowledge transitions that Tony experienced.

Tony’s case study reinforces the effectiveness of collaborative CoRe design as
a means of developing pPCK and ePCK with significant enhancement to his sub-
ject matter knowledge, knowledge of instructional strategies, and knowledge of stu-
dents’ understanding and learning. During post-CoRe design interviews to explore
his pPCK development, Tony explicitly identified his subject matter knowledge and
knowledge of instructional strategies as areas of personal improvement. He partic-
ularly appreciated strengthening his understanding of voltage, charge, and energy
concepts, and how to relay that information to students. Comparison of the two sets
of classroom observational data, pre- and post-CoRe design, confirmed this enhance-
ment. In addition, observational comparisons showed Tony’s knowledge of students’
understanding and learning had also improved, as he was more pedagogically aware
of students learning needs, responsive to those needs, and used questions more effec-
tively.

In conclusion, Tony’s case signals that the use of collaborative CoRe designwithin
a school learning community, to access and collate aspects of cPCK of teachers, pro-
motes the pPCK and ePCK development of those science teachers with less content
knowledge for that topic. One advantage of collaborative CoRe design in this setting
is the ability of a school to capitalise on in-house expertise, rather than seeking it from
outside sources, which may place undue pressure on a school’s financial and organ-
isational resources. This in-house use of collaborative CoRe design also addresses
a limitation raised by Hume et al. (2013) about the logistical difficulty of organ-
ising various teachers (and content experts) from different locations to collaborate
face-to-face.

TheRCMhas proved a useful and applicable conceptualisation of PCK for guiding
this study. In particular, there are three features of this model that have facilitated
this study. They are:

1. The conceptualisations of pPCK and ePCK, and showing how they interact.
The separation of the professional knowledge that a teacher possesses and can
talk about from the teacher’s actions in the classroom aids comparisons and, at
the same time, enables any synergy and/or dissonance between the two to be
identified. To these ends, targeted research methods including quality indicators
can be developed to investigate and capture these forms of PCK.
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2. The introduction of cPCK. This form of PCK recognises the contributions of
multiple people and encapsulates what a CoRe document represents when it has
been developed as a collaborative process.

3. The emphasis on knowledge exchanges between different knowledge bases,
including the different forms of PCK. These exchanges, represented by double-
headed arrows in the diagrammatic form of the RCM, show how knowledge can
be shared and how that process can influence/be influenced by classroom prac-
tice and the learning context. The discussion presented in this chapter reinforces
the importance of this process, as knowledge that was shared within the cPCK
realm was transferred into and enhanced the pPCK and ePCK of an individual
science teacher via his knowledge transitions and/or transformations.

This study recommends that schools should consider the use of collaborativeCoRe
design, as portrayed in this study, as an effective professional development interven-
tion for enhancing the cPCK, pPCK, and ePCK of its science teachers, particularly
those without specialist science content knowledge.

Limitations

There are three main limitations, which should be taken into consideration when
interpreting the findings and conclusion from this study. In this chapter, there is an
account of only one teacher’s experiences with collaborative CoRe design and his
subsequent pPCK and ePCK development. While it is reported that collaborative
CoRe design was a positive experience for him, enhancing his professional knowl-
edge and practice in particular ways, this conclusion may not be drawn from these
findings for others. However, it can be reported that both of the other Group One
teachers (not included in this chapter) had positive experiences with CoRe design
that enhanced their pPCK and ePCK, albeit in different ways and to different degrees.

In both the RCM of PCK and the previous Consensus Model (CM) of PCK (i.e.,
Gess-Newsome, 2015), student outcomes were included. However, in this study for
pragmatic reasons, no data was obtained from students. In future studies, it would be
important to make comparisons between students’ science learning from the teacher
pre- and post-CoRe design to see the effect changes in their teachers’ pPCK and
ePCK may have on their learning. This type of data would shed more light on the
impact of collaborative CoRe design.

Similarly, the link between the pedagogical reasoning undertaken in pPCK and
ePCK was not explored in this study. While Gess-Newsome (2015) encouraged the
use of data collection methods such as stimulated recall interviews to investigate this
aspect of teachers’ PCK, these were not used in this study. Again, the researcher’s
commitment to teaching full time necessitated the decision not to explore this aspect
of PCK. Researching science teachers’ pedagogical reasoning in the act of teaching,
after taking part in collaborative CoRe design, will also provide rich insights into the
effects of collaborative CoRe design.
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Appendix 1: Rubrics for Analysing ePCK

ePCK indicator Limited Basic Proficient Advanced

Subject matter knowledge

Appropriateness
of concept(s) in
relation to
NZC—physical
world (level 5)

No alignment of
concept(s) in
lesson with
NZC—physical
world (level 5)

Little alignment
of concept(s) in
lesson with
NZC—physical
world (level 5)

Adequate
alignment of
concept(s) in
lesson with
NZC—physical
world (level 5)

Close alignment
of concept(s) in
lesson with
NZC—physical
world (level 5)

Scientific
accuracy of the
explanation of
the concept(s)

Explanation(s)
were mostly
inaccurate,
which did not
address the
concept(s)

Explanation(s)
were somewhat
inaccurate,
which loosely
addresses the
concept(s)

Explanation(s)
were mostly
accurate with
only small
inaccuracies
seen, or they
were too brief

Explanation(s)
were accurate,
which addresses
the concept with
no inaccuracies

Links and/or
connections
made to other
concepts

No possible
links and/or
connections are
made

Few of the
possible links
are made, but
not connected
with
explanations

Some of the
possible links
and connections
are made

Many of the
possible links
and connections
are made

Links made
(implicit or
explicit) to the
nature of science
(NoS) and/or
scientific inquiry
(SI)

No links made
to NoS and/or SI

Few of the
possible links to
NoS and/or SI
are made

Some of the
possible links to
NoS and/or SI
are made

Many of the
possible links to
NoS and/or SI
are made

Knowledge of student understanding

Teacher
recognises and
acknowledges
possible student
prior
knowledge,
difficult
concepts, and
misconceptions

No recognition
or acknowledge-
ment of possible
student prior
knowledge,
difficult
concepts, and/or
misconceptions

Recognises
some possible
student prior
knowledge,
difficult
concepts, and/or
misconceptions

Recognises and
acknowledges
some possible
student prior
knowledge,
difficult
concepts, and/or
misconceptions

Recognises and
acknowledges
most/all possible
student prior
knowledge,
difficult
concepts, and/or
misconceptions

(continued)
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(continued)

ePCK indicator Limited Basic Proficient Advanced

Teacher uses
identified
variations in
student
understanding
and learning to
guide instruction

No acknowl-
edgement and/or
use of variations
in student
understanding
and learning to
guide instruction

Acknowledgement
of variations in
student
understanding or
learning, but not
used to guide
instruction

Some acknowl-
edgment of
variations in
student
understanding or
learning are
used to guide
instruction

Many instances
where teacher
acknowledged
variations in
student
understanding or
learning and
used these to
guide instruction

Teacher uses
questioning to
probe or extend
student
understanding

No questions are
used to probe or
extend student
understanding

A few questions
are used to
probe or extend
student
understanding

An adequate
range of
questions are
used to probe or
extend student
understanding

Many and varied
questions are
used to probe or
extend student
understanding

Knowledge of instructional strategies

Appropriate
sequence for
teaching
concepts

No overall flow
between
concepts and the
sequence
confuses
students

Some flow
between
concepts and the
sequence allows
some concept
building to occur

Suitable flow
between
concepts and the
sequence allows
satisfactory
concept building
to occur

Clear flow
between
concepts and
sequence allows
effective
concept building

Relevant
examples and/or
representations
are used in the
lessons, which
appear to be
pedagogically
effective at
portraying the
concept

No examples
and/or
representations
used

Examples and/or
representations
used that do not
appear to be
pedagogically
effective

Examples and/or
representations
used have some
relevance, but
appear
pedagogically
limited

Relevant
examples and/or
representations
used that appear
pedagogically
effective

Use of strategies
that allow for
metacognition

No use of
strategies that
allow for
metacognition

Limited use of
strategies that
allow for
metacognition

Adequate use of
strategies that
allow for
metacognition

Much use of
strategies that
allow for deep
levels of
metacognition
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Appendix 2: Tony’s Working Group’s CoRe Contribution

Big ideas (Tony’s Working Group)

Pedagogical prompts Charges produce
electric fields which
exert a force on other
charges

Current is the flow of
charge

Voltage is the
difference in electric
potential energy
between two points

What do you intend
students to learn
about this idea

• Rubbing different
materials together
can separate
charges

• Like charges repel
and opposite
charges attract

• Current flows from
positive to negative

• Charge is
conserved

• Current is the same
in all parts of a
series circuit

• Current divides in a
parallel circuit

• Current (I) is
measured in
Amperes (A)

• Ammeters are used
in series so that all
of the current flows
through them

• Energy is
conserved

• The supply voltage
is divided over the
components in a
series circuit

• Voltage is the same
for each branch of a
parallel circuit

• Voltage (V) is
measured in Volts
(V)

• Voltmeters are used
in parallel to
measure the
difference between
two points

Why is it important
for students to know
this?

• It explains
everyday
phenomena—e.g.
shocks on
trampolines or
lighting

• Basis for current
electricity

• These are foundational concepts for
understanding the behaviour of all
electrical circuits

What else you know
about this idea (that
you do not intend
students to know yet)

• Electromagnetic
induction

• Conventional
current versus
electron flow

• Volts � joules per
Coulomb

Difficulties and/or
limitations connected
with teaching this
idea

• Humid conditions
can wreck
electrostatic
experiments

• You can’t see it
• Analogies can lead
to misconceptions

• Conventional
current versus
electron flow

• You can’t see it
• Everyday use of the
word—‘power’

(continued)
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(continued)

Big ideas (Tony’s Working Group)

Pedagogical prompts Charges produce
electric fields which
exert a force on other
charges

Current is the flow of
charge

Voltage is the
difference in electric
potential energy
between two points

Knowledge about
students’ thinking
which influences
your teaching of this
idea

• Students usually
have some prior
experience of static
electricity

• Common
misconception of
single charge units
moving as opposed
to a wire full of
charges that are all
moving

• Students get hung
up on wire colours

Other factors that
influence your
teaching of this idea

• Weather • Students need to be
able to build
circuits

• Voltage is difficult
to model

Teaching procedures
(and particular
reasons for using
these to engage with
this idea)

• Rods and clothes to
demonstrate static
charging—picking
up paper and
electroscopes

• Van der Graaf
Generator

• YouTube videos

• Definitions
• Measuring current
in series and
parallel circuits and
establishing rules

• Discussion of why
the rules work

• Can use model of
students as charges
moving single
path/multiple paths

• Definitions
• Measuring voltage
in series and
parallel circuits and
establishing rules

• Discussion of why
the rules work

Specific ways of
ascertaining students’
understanding or
confusion around this
idea

• Can explain
applications—e.g.
why a person’s hair
stands up when
touching Van der
Graaf

• Can measure current and voltage in
circuits

• Can calculate current and voltage in
series and parallel circuits
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Chapter 11
A Grand Rubric for Measuring Science
Teachers’ Pedagogical Content
Knowledge

Kennedy Kam Ho Chan, Marissa Rollnick and Julie Gess-Newsome

Abstract Rubrics are increasingly used to differentiate the quality of science teach-
ers’ pedagogical content knowledge (PCK), both qualitatively and quantitatively.
Well-designed PCK rubrics can guide the judgement of PCK quality for valid assess-
ment. This chapter considers the possibility of a “grand rubric” that allows measure-
ment of different variants of PCK as depicted in the Refined Consensus Model
(RCM). To achieve this goal, the chapter first reviews the characteristics of rubrics in
current use in the science education field. It examines the critical considerations in
the construction of a grand rubric through an analysis of an expert discussion group.
Based on this analysis, the paper proposes a grand rubric and describes its layout and
characteristics. The grand rubric is generic in nature and can be customised for use
with different science content topics as well as for measurement of specific variants
of PCK in the RCM, including individual science teachers’ personal or enacted PCK
(pPCK and ePCK) and the collective PCK (cPCK) of a group of science teachers.

Introduction

Assessing teacher knowledge has been a subject of interest for decades (Gitomer &
Zisk, 2015). Teacher knowledge is important as multiple strands of evidence support
the notion that what a teacher knows impacts the quality of classroom instruction
and hence student learning (e.g., Baumert et al., 2010; Kersting, Givvin, Thompson,
Santagata, & Stigler, 2012). Pedagogical content knowledge, or PCK, is an important
province of knowledge within the professional base of teachers that is most germane
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to teaching (Shulman, 1986). PCK includes the knowledge and skills needed for a
teacher to teach a “particular topic in a particular way for a particular purpose to
particular students for enhanced student outcomes” (Gess-Newsome, 2015, p. 36).
In order to validate the efficacy of efforts to enhance teacher knowledge in teacher
preparation programmes and professional development activities, as well as to certify
teachers, measures of teacher knowledge and skill (including teachers’ PCK) are
needed.

Since the first (1st) PCK Summit in 2012, there has been an upsurge of interest in
PCK research and its measurement particularly in the science education field (e.g.,
Kirschner, Taylor, Rollnick, Borowski, &Mavhunga, 2015; Park&Suh, 2015; Smith
& Banilower, 2015). Given that data sources related to PCK are often qualitative in
nature (such as interviews, completion of surveys and written prompts, teaching
artefacts, and classroom observations), the use of scoring rubrics (hereafter, rubrics)
has become popular. Rubrics are descriptive scoring schemes comprising scoring
categories with specific pre-established performance criteria (Mertler, 2001). Well-
designed PCK rubrics provide operational definitions of the key dimensions of PCK
for measurement by demarcating the scope and range of the construct. As such,
well-designed PCK rubrics can guide the analysis of performance and support the
judgement of PCK quality.

At the second (2nd) PCK Summit in the Netherlands in 2016, the majority of
the participants were keen on the idea of a “grand rubric” for measuring science
teachers’ PCK, so a subgroup of participants formed a discussion group to discuss
this possibility (hereafter, the rubric group discussion). The driving force behind
the discussion was the premise that a grand rubric would be valid, ubiquitously
accepted, and support clear and unambiguous communication across researchers. If
sufficiently generic in nature, a grand rubric could be customised to various science
content topics and would allow for comparison of PCK scores across topics, for
triangulation across data sources, and provide evidence of growth in PCK pre- and
post-intervention (i.e., determine individual teachers’ PCK development). Such a
rubric would make a significant contribution to the establishment of international
standards for articulating PCK for a number of commonly taught science topics.

In this chapter, we raise key considerations in the construction of a grand rubric for
measuring science teachers’ PCK that can be used to determine all variants of PCK
as depicted in the Refined Consensus Model (RCM), including individual teachers’
personal or enacted PCK (pPCK and ePCK) as well as the collective PCK (cPCK)
of a group of science teachers. To achieve this goal, we reviewed the characteristics
of PCK rubrics in current use, identified through a systematic literature review. As
the authors of reviewed works seldom make explicit their underlying rationales or
considerations in the process of rubric construction, we also analysed a recording of
the rubric group discussion held at the 2nd PCK Summit to uncover critical consid-
erations needed to create a grand rubric for measuring PCK. Using this information,
we propose a generic grand rubric, which can be customised for use with different
content and grain sizes as well as for measurement of specific variants of PCK for
science teaching.
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Research Questions

The following research questions guide this chapter:

1. What are the characteristics of rubrics used to differentiate the quality of science
teachers’ PCK in the existing literature?

2. What are critical considerations in the construction of a grand rubric for measur-
ing science teachers’ PCK?

3. What would a grand rubric for measuring science teachers’ PCK look like?

Methods

This chapter employed a systematic review of published and unpublished literature
(i.e., literature in the public domain aswell as the research summary outlines provided
by the 1st and 2nd PCK Summit participants) and qualitative data collected at the
2nd PCK Summit about the use of rubrics in PCK research. Bennett, Lubben, and
Hogarth (2007) note the strengths of such reviews are found in the characteristics of
the review process, such as: the use of explicit criteria for the selection of studies for
review; exhaustive coverage of the studies published; and the involvement of at least
two researchers in decision-making.

For the first research question, the three authors of this chapter selected studies
involving the use of PCK rubrics through a systematic literature search. In the first
round of the literature search, eleven peer-reviewed journals primarily in science
education and three journals in the field of teacher education were searched using
the keywords “pedagogical content knowledge” and “rubric”. The journals searched
included: African Journal of Research in Mathematics; Science and Technology
Education; EURASIA Journal of Mathematics, Science and Technology Education;
Chemistry Education Research and Practice; International Journal of Science Edu-
cation; International Journal of Science and Mathematics Education; Journal of
Research in Science Teaching; Journal of Science Teacher Education; Research
in Science Education; Research in Science and Technological Education; School
Science and Mathematics; Science Education; Teachers and Teaching: Theory and
Practices; and Teaching and Teacher Education. The lead author screened each of
the articles for inclusion using the following selection criteria:

• The empirical studies were written in English and focused on science teachers’
domain, topic, and/or concept-specific PCK.

• The article contained sufficient description and details about the rubric.
• The rubric was primarily used to differentiate the quality of science teachers’ PCK.
• The rubric was adequately informed by the PCK literature.

The above selection criteria resulted in studies that self -identified the use of a
rubric to differentiate the quality of teachers’ PCK. Studies that made use of a rating
manual, codingmanual, or simplydescribed the scoringprocedureswere not included
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in the analysis, as the scoring scheme was not a rubric. The selection criteria also
excluded articles that used rubrics to differentiate the quality of teachers’ discipline
level PCK such as PCK for argumentation or PCK for inquiry practices since PCK
is related to the teaching of particular subject matter of different grain size (see
Chap. 2). In the second round of the literature search, we further enriched our article
sources by:

(1) searching the ERIC database (https://eric.ed.gov/) using the same keywords,
(2) identifying rubrics in the research summary outlines of the two PCK Summits,

and
(3) inviting PCK Summit members to suggest additional rubrics.

All articles generated by all these three search processes were examined for inclu-
sion using the criteria detailed above. The final list comprised 37 sources, including
10 outline papers from the second PCK Summit and 27 journal articles and chapters.
The sources are listed in Appendix 1 (obtainable from https://www.researchgate.net/
project/Grand-Rubric-for-PCK).

To analyse characteristics of current PCK rubrics in use (Research Question 1),
we first decided on eight rubric characteristics.1 The lead author then analysed all
papers according to these characteristics. The second author peer validated a subset
of 13 of these papers. For the purposes of this chapter, 5 of these 8 characteristics
were considered relevant: (1) structure and purpose of the rubric, (2) the variants of
PCK investigated, (3) the PCK model and components, (4) the quality indicators for
PCK and (5) data sources. Broad agreement was reached between the two authors
and the differences were resolved by discussion. Based on the above analysis, we
further clustered the rubrics into distinct groups and described their characteristics.

To identify critical considerations of a grand rubric for measuring science teach-
ers’ PCK (Research Question 2), we transcribed verbatim and analysed an audio
recording of the rubric discussion group held at the 2nd PCK Summit (1 h and
10 min). The rubric discussion group comprised eleven PCK researchers2 from eight
countries, referred to hereafter as PCK experts. In the discussion, these PCK experts
discussed the possibility of constructing a grand rubric for measuring science teach-
ers’ PCK. The discussion transcript and voice file were sent to all participants to
check for transcript correctness and validation. The transcript was analysed induc-
tively to identify, categorise, and explore the main themes that emerged on the issues
involved in creating a grand rubric using standard qualitative research techniques

1The eight characteristics are: (1) primary research focus of the articles; (2) PCK model and com-
ponents/categories; (3) PCK variant(s) explored; (4) the data sources; (5) the rubric development
process; (6) the structures and purpose of the rubric; (7) the quality indicators for PCK; and (8) the
scoring process.
2The eleven summit members involved in the rubric group discussion were Alicia Alonzo, Julie
Gess-Newsome (USA), Amanda (Mandi), Berry (Australia), Jared Carpendale (New Zealand),
Kennedy Chan (Hong Kong), Sophie Kirschner, Sven Liepertz (Germany), Elizabeth Mavhunga,
Marissa Rollnick (South Africa), Pernilla Nilsson (Sweden), and Christopher (Chris) Wilson (UK,
based in the USA).

https://eric.ed.gov/
https://www.researchgate.net/project/Grand-Rubric-for-PCK
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(Patton, 2002). The analysis revealed several critical considerations for constructing
a grand rubric.

Lastly, based on our analysis of existing rubrics and the rubric discussion from
the PCK Summit, we conceptualised a potential structure for a grand rubric for
measuring science teachers’ PCK (Research Question 3).

We employed investigator triangulation (Denzin, 1989) to ensure the trustwor-
thiness of the data. The three authors arrived at consensuses concerning the main
themes as they relate to the analysis of the literature review, the themes from the 2nd
PCK Summit, the implications derived for the grand rubric, the final grand rubric
template and the sample rubrics via face-to-face meetings, email exchanges, and
Skype meetings.

Findings and Discussion

Our findings and discussion are organised according to the three research questions.
First, we present a detailed analysis of the rubrics found in the literature and their
characteristics. We then discuss the main themes that emerged from the analysis of
the rubric discussion group. Finally, we propose a grand rubric for measuring science
teachers’ PCK and describe its characteristics.

Characteristics of PCK Rubrics in Use

From the systematic review, 37 journal articles, chapters, and extended outlines
produced for the 2nd PCK Summit met the search criteria. Further analysis revealed
that several of the papers, though dealing with different science topics and methods,
used rubrics that shared the same characteristics. These documents were grouped
together, resulting in 26 distinct rubrics. The full list of papers and their grouping
can be found inAppendix I (see https://www.researchgate.net/project/Grand-Rubric-
for-PCK). Based on an analysis of the 26 distinct rubrics, we offer a summary of
the five rubric characteristics that are most relevant to guiding the creation of a
grand rubric for measuring science teachers’ PCK. Other rubric characteristics are
mentioned as appropriate.

(1) Structure and purpose of the rubric. When sorting the PCK rubrics according
to their structure and purpose, all aimed to differentiate the quality of science
teachers’ PCK. Of these, 20 of the rubrics measured science teachers’ PCK.
The remaining 6 served more qualitative intentions.

While existing rubrics vary in intent, clearly there are a significant number of
researchers that believe that PCK can be effectively measured using rubrics. We
concur and believe that the grand rubric for measuring science teachers’ PCK should
be designed in a manner to allow measurement of science teachers’ PCK against

https://www.researchgate.net/project/Grand-Rubric-for-PCK
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normative standards defined by researchers, experts, and/or best practice and empir-
ically determined. In other words, we contend that PCK exists in a continuum from
weak to strong and can be measured using a rubric.

PCK rubrics have different structures. Quality indicators may form the rows of
the rubric, or alternatively, PCK components may be used as the rows—some rubrics
delineate sub-dimensions of PCK components as the rows of the rubric. Most rubrics
are analytic rubrics (rubrics specifying more than one key dimension) with PCK
components constituting the rows of the rubrics. The number of performance levels
commonly ranges from two to seven with the most common number being four.

(2) Variants of PCK. Berry, Depaepe, and van Driel (2016) describe PCK as static
or dynamic. To these writers, static PCK is a fixed form of teacher knowledge,
in contrast to dynamic PCK that interacts with other knowledge types and may
develop in situ. This classification is in linewith the consensus definition of PCK
from the 1st PCK Summit that delineates two variants of PCK representing the
opposite ends of an enactment spectrum: (1) “teachers’ knowledge of, reasoning
behind, and planning” and (2) “the act of teaching” (Gess-Newsome, 2015,
p. 36). The former is related to investigating what teachers know or think (i.e.,
static PCK) or knowing ‘that’, without investigating what teachers actually
do inside the classroom (i.e., dynamic PCK), while the latter refers to know-
how (i.e., skills and techniques) and knowing-to-act in the moment (Mason &
Spence, 1999) that is inherently linked to, and situated in, the act of teaching
within a particular classroom. In relation to theRCM, static PCKcorresponds to
collective PCK (cPCK), personal PCK (pPCK) or enacted PCK in the planning
and reflection phases (ePCKp, ePCKr) while dynamic PCK pertains to ePCK
in the interactive phase of teaching (ePCKi) - see Chap. 12.3

Of the 20 rubrics measuring PCK, seven targeted dynamic PCK (ePCKi) while
the rest measured static PCK. Of the six rubrics with qualitative intentions, three
targeted static PCK. It can thus be concluded that most rubrics, whether quantitative
or qualitative, were more often used for static PCK.

(3) The use of a model and components. Another characteristic with implications
for rubric development is the choice of a model to guide the work that locates
PCK in relation to other categories of teacher knowledge. All but four of the
rubrics made a commitment to a particular model. The most popular was the
Magnusson’s PCK model (Magnusson, Krajcik, & Borko, 1999) or an adapta-
tion of it. Three used Shulman’s initial conceptualisation (Shulman, 1986), two
used the Consensus Model (CM) from the 1st PCK Summit (Gess-Newsome,
2015), and two used the Mavhunga model (Mavhunga & Rollnick, 2013).

In those rubric developments using models, almost all the rubrics are organ-
ised around, “knowledge of students understanding of science” and “knowledge of
instructional strategies.” These are two of the original components used in Shulman’s
oft-quoted original conceptualisation of PCK in 1986.

3For the purpose of clarity, in the following, the terms static PCK and dynamic PCK will be used
below.
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Other components that were emphasised as part of these characteristics for rubric
development include content knowledge, use of representations, orientations towards
teaching science, and pedagogical reasoning. Considerations of content also need to
take into account grain size (i.e., whether the rubric considers PCK at the domain,
topic, or concept level). Most rubrics in this survey targeted the topic level, for
example force and motion, photosynthesis or chemical equilibrium.

The rubrics not committing to any existing models make interesting reading.
Three of the rubrics (Alonzo &Kim, 2016; Gess-Newsome et al., 2017; Lee, Brown,
Luft, & Roehrig, 2007) provide thorough reviews of the literature. While these three
studies do not commit themselves to a single PCK model, they eventually emerge
with empirically derived components similar to those in the Magnusson model.

(4) Quality indicators for PCK. A thematic analysis of the quality indicators sug-
gested for the rubrics shows an emphasis on attributes flowing from a con-
structivist view of teaching and learning. The most common themes referred to
conceptual approaches, sense-making, and teaching for meaning (in almost all
rubrics), followed by an emphasis on awareness of student thinking and ideas,
student-centred approaches, and links between student ideas and teaching strate-
gies. Criteria not related to the above themes relate to accuracy, completeness,
or nature of the content (in at least nine rubrics). Some rubrics make reference
to big ideas, which also link to a conceptual view of content. Another recurring
theme was the quality of pedagogical reasoning and the degree of integration
between PCK components, although these two areas were not explicitly identi-
fied as a single dimension/row in the rubric.

(5) Data sources. Science teachers’ PCK knowledge was most often determined
using a single type of data source (e.g., open-ended written test). Seven distinct
rubrics used paper-and-pencil responses and all of these measured static PCK
(e.g., Davidowitz & Potgieter, 2016; Jin, Shin, Johnson, Kim, & Anderson,
2015). The remaining rubrics measuring static PCK used data sources such
as interviews and videos, and one used a CoRe4 (Loughran, Mulhall, & Berry,
2004). In the case of the video analysis (e.g., Alonzo&Kim, 2016), respondents
were typically asked to analyse the science teaching of a teacher on video, thus
calling for the respondents’ knowledge rather than action. The rubricsmeasuring
dynamic PCK (i.e., ePCKi) all used either lesson videos or observations of a
teacher’s teaching acts in the classroom.

Critical Considerations in Constructing a Grand Rubric
for Measuring Science Teachers’ PCK

The findings presented above related to the analysis of PCK rubrics reviewed in
the current literature. We now turn to data from the rubric discussion group at the

4CoRe stands for Content Representation—an array to portray PCK structured by big ideas related
to a topic with responses to key pedagogical prompts.
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2nd PCK Summit to identify critical considerations in constructing a grand rubric
for measuring science teachers’ PCK. The discussion provided a window into the
experts’ thinking and rationales underpinning the process of designing the rubrics,
including the critical considerations needed to create a rubric. Included below are
quotations from the rubric discussion group, slightly edited to increase their clarity.
Five main themes about the critical considerations in the construction of rubrics
emerged from the analysis of the rubric group discussion transcript: (1) the role of
content knowledge, (2) the integration of PCK components, (3) the placement of
pedagogical reasoning, (4) the role of an underlying learning theory, and (5) the core
components that represent the essence of PCK. These are discussed below:

(1) Should content knowledge (CK) be assessed in the PCK rubric? Early in the
discussion, the experts reached a consensus about the centrality of content in
the PCK construct. Although the content is considered important within the
PCK construct, it was not clear to the experts how CK should be measured
when assessing teachers’ PCK. For example, Chris suggested that CK should
be measured in a separate test:

Chris: I think we can measure content knowledge in ways that are well established.
If in this rubric we’re measuring (PCK), then we don’t need to measure
content knowledge in that in the same measure.

Alicia agreed with Chris that CK does not need to be assessed in the PCK rubric
and added that:

Alicia: Content knowledge is part of how people understand students’ ideas. So if
you’re thinking about student understanding and you have a misconception
yourself, then you’re going to have a weak understanding of student mis-
conceptions. … I wouldn’t want to separate that out and say that content
knowledge is a separate component [in the rubric].

Although it seems that Alicia agreed with Chris’ rejection of a separate row in
the rubric for CK, her reasoning was somewhat different; she believed that a teacher
with inadequate CK would naturally be unable to identify student misconceptions
(i.e. that CK is part of PCK). Pernilla echoed this idea and added:

Pernilla: I totally agree with this [i.e., your ability to tease out misconceptions
depends on an accurate understanding of the relevant content]. … I don’t
know if we lose something if we focus too much on content and not with
how content is integrated with pedagogy in the classroom, i.e. PCK.

Pernilla was of the view that the rubric should focus on, ‘how content is integrated
with pedagogy’ rather than content alone. This debatewaswell summarised by Julie’s
comment below:

Julie: It seems like this is the debate. Is there some kind of measure of CK that is
separate, and is it a prerequisite to looking at teachers’ PCK that could also
include accuracy, or is there a component of PCK, which includes CK?
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To summarise, the experts identified CK as a key attribute of PCK, but whether
and how the assessment of CK should be included in the grand rubric for measuring
science teachers’ PCK remained unresolved.

(2) How to measure the integration between PCK components? Another consid-
eration became obvious when the experts discussed how the PCK components
should be included in the rubrics.

Elizabeth: Do we want to look at them [the PCK components] individually or are
we looking at their interactions? … Maybe the listing of components is
important, but going back to the criteria, are we looking at the criteria
from the perspective of amalgamation or interaction? I don’t know. I just
find it really difficult to consider each component [separately].

Mandi: I think that’s just the thing. We don’t want to lose the problem. Once
you start to disentangle it [the PCK construct] and those things [i.e.,
PCK components] become valued alone compared to the re-integration
of those things as something that’s also done.

Above, the experts were highlighting the importance of the interconnection
between PCK components, in line with the thinking that PCK components inter-
act in a complex and dynamic way that are synergistically applied in practice (Abell,
2008; Magnusson et al., 1999; Park & Chen, 2012). However, it remains unclear
how the rubric should be structured to take into account the quality of the integra-
tion between the PCK components. With respect to this issue, Chris, coming from a
measurement perspective, had this to say:

Chris: If we were to start with the premise of interconnectedness, our rubric would
look very different. Our rubric might be something that’s more akin to the
way we might measure networks or social systems or the connectedness of
ideas.

Collectively, the above discussion raises the issue of how to design a rubric that
can take into account the assessment of the integration between the PCKcomponents.
How can the rubric take into account the assessment of each PCK component on the
one hand and the integration between the components on the other?

(3) How to measure quality of teachers’ pedagogical reasoning? As the discussion
ensued, another distinct attribute of PCK became apparent. This acknowledge-
ment was represented by the following quotes:

Julie: One thing that I don’t see here is the idea of pedagogical reasoning.
Sven: It seems like selection [of instructional strategy] only becomes meaningful if

the person can argue why he selects a certain strategy. This is especially true
if you’re not looking at what is happening in the classroom but more about
his knowledge and how he works with his knowledge.

It appears that the experts subscribed to the views of Shulman (1987), who argued
that a teacher’s knowledge base only becomes useful when it is tied to judgement



262 K. K. H. Chan et al.

and teaching actions. For Shulman, the translation of knowledge to action involves
a complex process called pedagogical reasoning where teachers reason about their
judgment and decisions. Although the PCK experts affirmed the role of pedagog-
ical reasoning within the PCK construct, how to define high-quality pedagogical
reasoning remained less clear. Pernilla’s statement illustrates this concern:

Pernilla: What I struggle with is, how do we find good quality reasoning in terms
of how those different components interact and connect? If we can see
that all the components actually interact and they are interconnected, [that
is important]. I mean, [if actions] are reasoned and reflected [upon], is
that high quality PCK? … I think it’s more than only interaction between
components.

Another issue that emerged was about how the assessment of pedagogical rea-
soning can be represented in the rubric, as evident in the following exchanges:

Mandi: [Pedagogical reasoning is to] explain and reflect on the “why.” And I
think it might be that pedagogical reasoning is more than a dimension of
PCK. I might even say that pedagogical reasoning could be something
which exists in all the different [components].

Elizabeth: I’m wondering whether, in each of these components in the rubric, if
you’d have a particular criterion that elicits the reason for what you see.
Even [for the PCK component], the next step is to decide whether those
are appropriate [strategies]. You now have to find a reason and judge
against your own understanding of what you see as well. You need to
make the judgment whether this is an appropriate next step.

In this last comment, Elizabeth suggested embedding the measurement of ped-
agogical reasoning within each row of the rubric. In response, Alicia was quick to
point out the drawbacks associated with this way of constructing the rubric:

Alicia: I think the thing you miss by putting pedagogical reasoning only at the top
level of all the other [components] is you miss variation in the quality of
the reasoning. So if you’re just saying its present or absent as opposed to
there’s depth and quality of reasoning that might vary. I think [where you
put pedagogical reasoning in the rubric] is a statement about how we think
about it, whether we put it as something separate or at the top of everything.

In sum, it appears that the experts acknowledge the importance of pedagogical
reasoning as part of the PCK construct. Their argument for placement of pedagogical
reasoning in the rubric is an indication of the value placed on the construct; however,
there is less clarity amongst the experts on how to construct a rubric that can measure
the quality of pedagogical reasoning.

(4) What is the learning theory underpinning the rubric? While the experts dis-
cussed how to populate the different performance levels of the rubric, another
issue emerged. The issue, implicit in the early part of the discussion, was pointed
out explicitly by Julie:
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Julie: Comments keep coming up [asking], do we have a learning theory behind
this? It seems to me that at least part of our learning theory is that “teaching
is not telling.” What are we doing to promote student [learning], whether it
is creating disequilibrium or helping students make meaning?

There were some dissenting voices as to whether it is important to specify a
particular learning theory in the rubric. Chris, for example, described what he thinks
below:

Chris: I just worry about taking the value approach with something like construc-
tivism. I’m worried about it, especially since we’re such an international
group. Different countries value different approaches. I wonder what this
[discussion] would look like in the Japanese context, German context, or an
American.

Embedded in Chris’ view above is the issue that teaching is a cultural activity
(Stigler & Hiebert, 2009), which may cast doubts on whether the same learning
theory is equally valued in different contexts when assessment of PCK is concerned.
Proposing a single learning theory also goes against the very nature of PCK which is
context-specific (Park &Oliver, 2008).With respect to this issue, Alicia took another
perspective.

Alicia: Fundamentally, I think there’s a connection. For PCK there has to be a
connection between what you’re doing and the students. So even if there’s
not an explicit learning theory like constructivism, it would be difficult to
describe high PCK in a manner of “I’m just going to stand up and talk and
not care about who’s in front of me,” right?

The above discussion suggests that while a learning theory may help guide the
delineation of quality in different levels of performance in the rubric, there has yet
to be a consensus on whether it is really needed and, if so, which learning theory
should be drawn upon in the construction of a rubric.

(5) What are the core components of PCK? The experts were aware that the CM
that emerged from the 1st PCK Summit (Gess-Newsome, 2015) did not ade-
quately unpack the composition of PCK. With this need to expand upon PCK
composition, the experts’ discussion also revolved around the core attributes
that should be included in the rubric. Julie commented:

Julie: Somy observation is, as people talk about PCK, they have stayed or gone back
to the Magnusson model. But if you look at the research that’s been done,
almost nobody, as Kennedy points out, has done much with the assessment
or curriculum [components]. Everybody included student understanding and
instructional strategies. …As I think about what is essential to PCK, it seems
that student understanding and instructional strategies are a large part of that.

As most of the existing research on PCK studies drew on Magnusson’s PCK
model, it appears that this model provided a good starting point for the experts to
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think about a consensual view on the core components of PCK for science teaching.
As the discussion continued, the experts in the discussion group identified several
more core components within PCK. The discussion group members finally reached
an agreement on the following key PCK components:

1. Selection and connection of big ideas: The big ideas selected are relevant to the
students and are pedagogically appropriate. There is coherence among big ideas.

2. Selection of instructional strategies and representations: The instructional strate-
gies and representations selected are appropriate for the students and content. A
student-centred learning approach that promotes meaningful learning is used.

3. Recognition of variations in student understanding: There are opportunities for
students to reveal their thinking, a climate for students to expose their thinking,
and activities that engage students´ interests and student misconceptions/prior
knowledge are included in the teaching.

4. Selection of next appropriate steps: The teacher is adjusting instructional moves
based on student learning of concepts. The teacher uses productive representa-
tions to advance student thinking.

5. Pedagogical reasoning: There is an interaction between the components above
and the teacher possesses the ability to justify his/her teaching.

From a measurement perspective, a clear delineation of the exact composition
of PCK is a prerequisite for valid measurement of PCK. As the RCM does not
delineate the composition of PCK, the discussion demarcates the scope and range of
the PCK, as a specialised integrated form of professional knowledge and skills, for
measurement.

To summarise this section, the discussion of the PCK experts raised important
considerations in the possible construction of a grand rubric for measuring science
teachers’ PCK. These include: what the critical PCK components should be; the
placement of content knowledge in the grand rubric; the possible need of a learning
theory in populating a rubric; as well as how to measure the interaction of PCK
components and pedagogical reasoning.

The Grand Rubric for Measuring Science Teachers’ PCK

Across conversations in the two PCK Summits, the review of the literature using
PCK rubrics, and the transcripts from the rubric discussion group, there are a number
of implications for the key characteristics of a grand rubric for measuring science
teachers’ PCK. Most importantly, there was a commitment to measuring PCK and
a recognition that a rubric offered an effective means of doing so. Characteristics
of the grand rubric are presented below along with justifications from the literature
review and rubric discussion group for their inclusion.
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Overall Characteristics of the Grand Rubric for Measuring
Science Teachers’ PCK

– Although rubrics appear to be a useful way to measure PCK, current science
PCK research uses over 20 distinct rubrics for measuring teachers’ PCK, making
communication across researchers almost impossible. The construction of a grand
rubric allows for more effective communication and aggregation of results across
studies.

– The rubric needs to be flexible enough to measure the different variants of PCK
in the RCM: the cPCK of a group of teachers (what a group of teachers know);
the pPCK of a teacher (what a teacher knows); and ePCK (what a teacher does);
and pedagogical reasoning (the reasons for his/her judgment and actions). Such
flexibility allows more versatility in PCK research and education.

– To be universally adoptable and adaptable, the grand rubric must be sufficiently
generic to allow its customisation for use with different content and grain sizes—
discipline, topic, or concept levels. The final rubric would be customised to each
study, though the basic structure remains the same in order to compare data across
studies on science teachers.

– The rubric needs to be designed to be used with multiple data types, allowing
triangulation of data from different sources. Prior research suggests that the quality
of science teachers’ PCK may be different when different data sources were used
to determine the teachers’ PCK (Gardner & Gess-Newsome, 2011).

Structure and Components of the Grand Rubric for Measuring
Science Teachers’ PCK with Rationales

– For our model, we are proposing five components generated from the 2nd PCK
Summit. We believe that this structure, based on expert opinions, establishes the
content validity (i.e. relevance and representativeness of PCK) of the rubric. These
five components are not explicitly articulated in the RCM (see Chap. 2).

– The rubric is composed of five rows, each corresponding to one of the five com-
ponents that resulted from the 2nd PCK Summit These components are named
below, with insights for each into the types of evaluation criteria that might be
used to measure the component. The arrows between the lowest level and highest
level boxes in Fig. 11.1 indicate a need to determine the number of the column in
the rubric and to establish quality indicators for each evaluation criteria identified.

1. Knowledge and Skills Related to Curricular Saliency: appropriate selection,
connection, and coherence of big ideas; accuracy of content;

2. Knowledge and Skills Related to Conceptual Teaching Strategies: selecting
and using appropriate instructional strategies; using multiple representations;
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Fig. 11.1 Grand rubric template for measuring science teachers’ PCK

3. Knowledge and Skills Related to Student Understanding of Science: iden-
tifying and acknowledging variations in student learning and eliciting and
assessing student difficulties and misconceptions;

4. Integration Between PCK Components: monitoring and adjusting teaching
practice based on student feedback and learning of the big ideas as well as the
classroom context;

5. Pedagogical Reasoning: providing a rationale for teacher decision-making and
actions within the context of their teaching situation.

– The first three components represent ideas that are consistent with the rubric dis-
cussion group and are similar to those found in the literature review (see Chap. 1).
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– Integration between PCK components (row 4) is becoming a focus of investigation
in recent PCK studies (see Chap. 1) and is considered important by the rubric
discussion group. Such a measurement establishes that PCK is more than the sum
of its parts.

– Pedagogical reasoning (row 5) acknowledges the importance of decision-making
behind a science teacher’s actions and is considered essential in the RCM (see
Chap. 2).

– Since PCK represents a distinct category of knowledge distinct from CK in the
RCM (see Chap. 2), we chose not to use a separate role for CK in the rubric to
reflect this consensual view. However, it is quite clear that CK can influence the
quality of the proposed PCK components.

– Quality indicators should be based on evidence from the research literature. For
instance, when considering Knowledge and Skills related to Student Understand-
ing of Science, teachers’ ability to identify students’ most common wrong answer
is related to student learning is supported by research evidence (Sadler, Sonnert,
Coyle, Cook-Smith, & Miller, 2013). Similarly, accuracy and hierarchical organ-
isation of content knowledge is recognised as a feature of knowledge held by
experts (Bransford, Brown, & Cocking, 1999).

– The rubric delineates a spectrum of performance levels (lowest level to highest
level). Each categorical end of the spectrum represents the level of performance
achievable by a subset of science teachers.

– While we did not gain consensus on the importance of an underlying learning
theory, it was agreed that an underlying learning theory will influence the
construction of quality indicators. We acknowledge that the indicators provided
here are based on a broad constructivist framework. By citing research to support
the selection of indicators, the theoretical features of the rubric will become more
evident and should be acknowledged explicitly.

Data Sources

– The first column highlights the types of data sources that lend themselves to mea-
surement.

– The first four components may be used to measure science teacher knowl-
edge and/or actions. Teacher knowledge can be measured through the teach-
ers’ articulation of their pedagogical decisions in their planning (interviews,
tests/surveys/questionnaires/lesson plans), or through examination of reflections.
Alternatively, teacher knowledge may be inferred from their teaching actions (les-
son observations) or teaching artefacts. Science teachers’ PCKmay be manifested
in teaching actions through the use of pedagogical moves. The interaction between
PCK components can also be measured directly or indirectly from teacher’s state-
ments, actions, or artefacts.

– The last row (i.e., pedagogical reasoning) relates to the science teachers’ capacity
to provide rationales for justifying their teaching actions. Pedagogical reasoning
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cannot be accessed using only observation data. Stimulated recall interviews may
be conducted with the teacher to access the teacher’s pedagogical reasoning. In
addition, a teacher may have a very good understanding of what they should do
and why (i.e., knowledge and reasoning), but limited ability to implement that
knowledge/skill in the classroom due to poor pedagogical skills (i.e., classroom
management), contextual considerations (i.e., mandated curriculum), or motiva-
tional factors. The inclusion of teachers’ pedagogical reasoning takes into account
the teacher’s sensitivity and responsiveness to the context.

How to Use the Grand Rubric Template

Generic guidelines for creating a rubric already exist. For example, the construction
of a rubric often involves an iterative process comprising one ormore of the following
steps: articulating observable attributes; identifying characteristics for each attribute;
identifying performance levels and corresponding criteria; and, revising the rubrics
based on the empirical data (Mertler, 2001). We hope that by using the grand rubric
template (Fig. 11.1) described in this chapter, science education researchers and
practitioners can create a PCK rubric for the specific context in which it is needed.

The grand rubric can act as a generic template since it is designed to be customised
to each setting. The science content topic under consideration and its grain size will
need to be explicitly noted, as well as the age group of the students. To create or
use a scoring guide, the researchers themselves will need to have strong PCK on
the science topic and use evidence from empirical and canonical research and best
practice. The terms that describe the level of performance will need to be proposed
by the developer to better articulate the level of performance (e.g., limited, basic,
proficient, and exemplary) and empirically defend via the data. Concrete descrip-
tions/descriptors of each performance level, as well as detailed exemplars, would
need to be included in the scoring guide, making them available to other researchers
drawing on the research. A scoring guide will need to identify issues, such as the
appropriateness of various instructional strategies or representations, the range of
potential student misconceptions and those that are most common, and the evidence
that will be used to judge the soundness of a rationale for specific actions. Published
scoring guides will assist in articulating PCK for a given science topic and allow for
their use across multiple settings. Scorer training would need to include the applica-
tion of the scoring guide to actual data and inter-rater agreement, which might also
result in refinement of the scoring guide.

Data collection tools should be carefully designed to elicit the ideas included in the
rubric. For instance, purposeful questions about the selection of big ideas or specific
misconceptions of concern might need to be asked directly, rather than assuming that
such topics will arise spontaneously in a data source.

Finally, considerations for the validation and use of the rubric will need careful
attention. What scoring strategy will be used?What is the meaning of a score related
to a single component row? Is there an overall PCK score associated with the rubric?
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How are component scores derived when there are different numbers of evaluation
criteria? Does the rubric discriminate between individuals that we judge to have
high and low PCK? Will a factor analysis provide evidence for the proposed PCK
components?

Conclusion

This chapter explored considerations in the construction of a grand rubric formeasur-
ing science teachers’ PCK. We examined the existing literature where PCK rubrics
were developed and used, as well as critical considerations surfacing at the second
PCKSummit. The proposed characteristics of the grand rubric for measuring science
teachers’ PCK provide it with several advantages: it can be used with multiple data
sets and with different content and grain sizes, it is built on the RCM, and it draws
on best practices found in the PCK literature. This grand rubric contributes to the
field as it is an important tool for the measurement of science teachers’ PCK. We
hope that this chapter provides science education researchers and/or practitioners
with guidance in the important work of creating purpose-built rubrics and associated
data collection tools and scoring guides by customising the grand rubric template for
use in their own contexts.
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Chapter 12
Unpacking the Complexity of Science
Teachers’ PCK in Action: Enacted
and Personal PCK

Alicia C. Alonzo, Amanda Berry, and Pernilla Nilsson

Abstract This chapter focuses on enacted PCK (ePCK), i.e. the specific knowl-
edge and skills that science teachers use in their practice, as it plays out in specific
classroom contexts while teaching particular content to their students. In unpacking
this aspect of the Refined Consensus Model (RCM) of PCK, we consider both the
nature of ePCK and its interactions with other realms of PCK, primarily personal
PCK (pPCK). Recognising the complexity of classroom practice—in terms of both
the uniqueness of each classroom situation and the necessarily spontaneous nature
of classroom interactions—we propose a mechanism through which pPCK is trans-
formed into ePCK, and vice versa, throughout the plan-teach-reflect cycle. We then
illustrate these ideas using several empirical examples of efforts to capture and
analyse science teachers’ ePCK (and associated pPCK). We conclude with discus-
sion of some of the opportunities, challenges and implications of using the RCM,
along with our unpacking of ePCK and its relationship to pPCK, as a means of
understanding the knowledge that science teachers utilise in the midst of planning,
teaching and reflecting.
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Introduction

The Refined Consensus Model (RCM) of PCK (Carlson, Daehler et al., 2019) builds
on amodel of teacher professional knowledge and skill developed from the First (1st)
PCK Summit (Gess-Newsome, 2015). As compared to the earlier model and in the
context of science education, theRCMhas a stronger emphasis onmaking explicit the
different variables, layers and complexities associated with PCK and highlighting
in a clearer way the relationship between PCK and teaching practice. The RCM
identifies three distinct “realms” of PCK: collective PCK (cPCK), representing the
specialised professional knowledge held by multiple science educators in a field;
personal PCK (pPCK), representing the personalised professional knowledge and
skills held by an individual science teacher; and enacted PCK (ePCK), the unique
subset of knowledge and skills that a science teacher draws on and that play out
while planning, teaching and reflecting on a lesson. Within the model, these realms
are represented as concentric rings, with cPCK in the outer ring, pPCK in the middle
ring and ePCK in the centre (see Chap. 2, Fig. 2.3). The design of the model is
intended to emphasise the practitioner perspective through the central placement of
ePCK.

To date, research on science teachers’ PCK has mostly focused on cPCK, e.g.
assessing whether teachers know “canonical” PCK, and pPCK, e.g. getting teachers
to articulate what they know about teaching a particular science topic in a particular
context. However, there has been relatively little research focused on ePCK, i.e. how
PCK is utilised in teachers’ actual practice. Therefore, in this chapter, we focus on
ePCK,

the specific knowledge and skills utilised by an individual science teacher in a particular
setting, with a particular student or group of students, with a goal for those students to learn
a particular concept, collection of concepts, or a particular aspect of the discipline. (see
Chap. 2)

We unpack this aspect of the RCM, providing our interpretation of ePCK in order
to focus attention on the knowledge that science teachers make use of in action.
Consistent with the interpretations in Chap. 2, we note that ePCK plays out not only
when enacting instruction (i.e. when interacting directly with students), but also
when planning for and reflecting on instruction. Thus, we consider ePCK to exist in
three forms: ePCKP (for planning), ePCKT (for teaching) and ePCKR (for reflecting).
Below we argue that because ePCK focuses on specific and, thus, unique classroom
situations, it must involve more than static, declarative knowledge or scripts and
procedures. Further, we explore how ePCK, as constantly evolving in response to
these unique classroom situations, not only relies upon but also drives modifications
to science teachers’ pPCK.

Thus, in the sections below, we start with a brief overview of pPCK. We then
unpack our interpretation of ePCK as a form of knowledge in action. Next, we
explain how we view ePCK and pPCK as mutually influential, proposing a mecha-
nism through which these two realms of knowledge interact and evolve through the
plan-teach-reflect cycle, as pPCK is transformed into ePCK, and vice versa. In order
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to illustrate these ideas, we then present several examples of efforts to capture and
analyse science teachers’ ePCK and pPCK. Finally, we discuss some of the opportu-
nities, challenges and implications of using theRCMand, in particular, our unpacking
of ePCK and its relationship to pPCK, as a means of understanding the knowledge
that science teachers use while planning, enacting and reflecting on instruction.

The Nature of pPCK

Personal PCK (pPCK) refers to the knowledge resources that an individual science
teacher brings to the classroom enabling her/him to think and perform as a teacher
in order to promote student learning about specific science subject matter. In under-
standing pPCK as a form of personal knowledge, we draw on Eraut (2000) who
defines personal knowledge as

the personal, available for use, version of a public concept or idea…[that] incorporates
codified knowledge in its personalised form, togetherwith procedural knowledge and process
knowledge, experiential knowledge and impressions in episodic memory. Skills are part of
this knowledge, thus allowing representations of competence, capability or expertise inwhich
the use of the skills and propositional knowledge are closely integrated. (p.114)

Hence, pPCK is a specialised form of personal knowledge that includes different
knowledge resources related to the teaching and learning of specific science topics.
Consistent with Eraut (2000), who considers skills to be part of knowledge, in this
chapter we refer to knowledge and skills collectively as knowledge. pPCK includes
both explicit (i.e., articulable) knowledge and tacit knowledge (e.g., experiential
knowledge, impressions in episodicmemory) and is therefore unique for each science
teacher. pPCK differs from cPCK in that cPCK represents publicly held (i.e., shared)
codified knowledge.

The Nature of ePCK

Consistent with its connection to practice in the RCM, we consider ePCK to be “tacit
knowledge in action” (Eraut, 2000, p. 123), i.e., knowledge that science teachers
draw on in the moment of action, where the action may include planning, teaching
or reflecting on teaching. This interpretation has two important implications. First,
ePCK exists only in action (i.e., as tacit, unarticulated knowledge). Second, ePCK is
flexible and generated in the moment of action. Since action occurs in the moment,
the underlying ePCK is also adaptive, created and used in that moment. Thus, we
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contrast ePCKwith pPCK and cPCK, which aremore declarative and relativelymore
stable (or static) forms of knowledge.1,2

Science teaching is responsive to students and context, so each classroom situation
is (at least) slightly different from others that a teacher has experienced (or knows
about). Thus, the ePCK utilised in each classroom situation is unique, and it is
unlikely (and even impossible) for a science teacher to already possess the exact
ePCK required to plan, enact and reflect on instruction about a particular topic for a
particular group of students in a particular setting. Thus, ePCK must be constructed
anew for each teaching episode. Of course, ePCK for a given classroom situation
might be almost identical to that for another similar situation, but differences in terms
of the context and/or students will necessitate (even very small) tweaks, resulting in
unique ePCK for that setting. Therefore, new ePCK is constantly being generated
for each science teacher during every act of planning, enacting and reflecting on
instruction.

Therefore, we view ePCK as the knowledge in action generated during, and made
visible in, science teachers’ planning (ePCKP), enactment (ePCKT) and reflection
(ePCKR) on instruction in a particular classroom situation. As such, ePCK is the
unarticulated knowledge that underlies action in each of these activities. ePCKT is
perhaps easiest to imagine, as the knowledge that underlies science teachers’ in-the-
moment instructional decisions. Teachers respond to students—e.g., with feedback,
with explanations or demonstrations, and questions—in the midst of science instruc-
tion, without articulating (even to themselves) the reasoning behind those decisions.
Similarly, when planning, teachers may propose particular instructional activities,
with the intuitive sense that they will be appropriate for a given upcoming classroom
situation (ePCKP). Reflections may start with a teacher’s sense that a given activity
did not “go well” or that a particular student was confused about part of the lesson
(ePCKR). Such reflections, tied to specific instances and/or specific students, do not
already exist as part of a teacher’s ePCK—and a teacher may not have associated
declarative knowledge to express the basis for his/her concerns. As discussed in
the section below, these intuitive actions (planning, teaching and reflecting) are all
influenced by a science teacher’s pPCK; however, in themoment, they exist as ePCK.

1This is not to say that pPCK and cPCK do not evolve over time (indeed, as detailed below, we
argue that pPCK changes through the construction of ePCK). However, both pPCK and cPCK are
static in the sense that it is (theoretically) possible to articulate this knowledge and, thus, to measure
it, whereas ePCK is inarticulable and fleeting, existing only in the moment (before potentially being
transformed into pPCK). In other words, we fully expect that all three realms of teachers’ PCK will
change over time, but that change in ePCK will occur at a much shorter timescale.
2In this contrast, i.e., a focus on knowledge that is not declarative and not static, we connect with
literature that refers to “dynamic PCK” (e.g. Alonzo & Kim, 2016; Schmelzing et al., 2013) as
opposed to “declarative PCK”.
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Fig. 12.1 Relationships
among ePCK stages and
between ePCK and pPCK

Relationships Between ePCK and pPCK

In this section, we describe how—through the constant generation of ePCK and the
interaction between ePCK and pPCK—teaching experience can lead to changes in
both science teachers’ ePCK and pPCK. We depict this process in Fig. 12.1, which
is an expansion of the ePCK and pPCK parts of the RCM (see Chap. 2), depicting in
more detail both the different forms of ePCK and the specific points at which pPCK
influences ePCK and vice versa. To illustrate the fuzziness that we see between ePCK
and pPCK (particularly in their tacit forms), we have blurred the line representing
the interface between ePCK and pPCK.3 As shown in Fig. 12.1, in the RCM, double-
sided arrows on the interface between ePCK and pPCK indicate a bidirectional flow
between these two realms of PCK, representing how pPCK influences ePCK and
vice versa.

First, pPCK provides the basis for ePCK at each step of the plan-teach-reflect
cycle. In other words, ePCK is generated in the moment, but not out of thin air.
All of a science teacher’s knowledge, from past teaching and learning experiences,
including classroom situations that are similar to the current one, serve as resources.
The three dark blue arrows pointed inwards in Fig. 12.1 represent this sourcing of
extant knowledge. Second, ePCK is transformed into pPCK, i.e., part of the store of
knowledge available for future planning, teaching and reflecting. Consistent with the
composition of pPCK as including both explicit and tacit knowledge, ePCK may be

3Although not discussed here, we expect that similar ambiguities exist at the pPCK–cPCK interface;
thus, the outside of the pPCK ring (i.e. the boundary between pPCK and cPCK) is likewise blurred
in Fig. 12.1.
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transformed into pPCK in either of these forms. The three light blue arrows pointed
outwards in Fig. 12.1, following each stage of the plan-teach-reflect cycle, represent
the transformation of ePCK into both explicit and tacit forms of pPCK. A conscious
process may transform ePCK into pPCK in a form that can be articulated by the
teacher. This transformation happens primarily through reflection in, or on, a science
teaching episode as intuition and experiences become part of future knowledge that
can be explicitly drawn upon in planning, teaching and reflection. For example, a
teacher may recognise a student learning difficulty during class and later explicitly
draw on this experience to inform future teaching. In a subconscious process, ePCK
may also be transformed directly into pPCK without the teacher’s conscious aware-
ness.4 In this case, a science teaching episode (e.g., recognising a student difficulty)
becomes subconsciously incorporated into memory that forms part of a tacit knowl-
edge base that may be activated to inform future action (tacit pPCK). Transformation
of ePCK into pPCK includes instances of planning and reflecting as well as teaching.

Before unpacking thesemechanisms for each stage of the plan-teach-reflect cycle,
we note that this cycle occurs on two timescales: a “macro” one focused on a unit
of instruction (e.g. a lesson) and a “micro” one focused in-the-moment during a unit
of instruction (i.e. many such moments in a lesson). At the lesson level, a teacher
plans the lesson, teaches the lesson and then reflects on learning and instruction
during the lesson. The teaching of the lesson includes all of the instructional moves
that the science teacher makes (whether planned or unplanned). When reflections at
the “macro” level are made explicit, ePCK is transformed into pPCK as articulable
knowledge.

As illustrated in Fig. 12.2, we can also “zoom in” to investigate how the teaching
of the science lesson (as a series of instructional moves) arises. At this level, we
see a reflect-plan-teach cycle associated with each instructional move in the “macro”
cycle.Here, instruction (“teach” in themacrocycle) comprises a series of instructional
moves (“teach” in the microcycle). In contrast, the planning and reflection that occur
as part of the microcycle happen during “teach” in the macrocycle (i.e. distinct
from the planning and reflection that occur before and after a lesson, respectively).
In a microcycle, a particular instance (e.g. an interaction with a student) prompts
reflection (i.e., noticing and identifying the significance of a student’s question or
contribution to a class discussion), a plan for how to respond and the instruction
(i.e., the response, such as a follow-up question to the student or a revision to the
instructional plan). As this entire cycle takes place in one instance, in the moment
between the student’s contribution and the teacher’s response, the ePCK generated
is likely to remain tacit and, thus, unless included in reflection as part of the “macro”
cycle, more likely to be transformed into pPCK in tacit form.

As described above, since each student and each classroom context is a little bit
different, most teaching situations will present science teachers with some similarity

4While repeated encounterswith similar situationsmay eventually lead to tacit knowledge becoming
explicit, the opposite may also be true, i.e. explicit knowledge may become tacit, for instance,
through the routinisation of certain instructional moves over time, as is the case with highly expert
teachers. Thus, ePCK that is transformed into pPCK in tacit form may eventually become explicit
pPCK, and ePCK that is transformed into pPCK in explicit formmay eventually become tacit pPCK.
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Fig. 12.2 Macro- and microplan-teach-reflect cycles

to past teaching situations and/or teachers’ prior knowledge, but also some unique-
ness—such that existing pPCK is relevant and useful, but ePCKmust be generated for
a particular situation. Thus, when planning instruction, science teachers draw on their
existing pPCK, using knowledge of common ways students interact with the content
and instructional strategies that can be used to address that content in order to iden-
tify a particular set and sequence of learning activities. As teachers tailor instruction
to a particular classroom context and group of students, they may propose learning
sequences and/or instructional moves without explicitly articulating the underlying
reasoning (e.g., knowledge of common student learning difficulties, knowledge of
the conditions under which a particular instructional strategy is most beneficial)—or
even being aware of it themselves. Through this process, science teachers generate
their ePCKP.

Science teaching is complex and uncertain, requiring continuous in-the-moment
responses to students’ learning needs and features of the classroom context. While
teachers’ pPCKmay include a range of instructional strategies associatedwith partic-
ular classroom conditions, teachers are unlikely to find themselves in those precise
conditions in any given teaching situation. Therefore, to support student learning,
they must generate responses appropriate for the moment. Through this process,
science teachers generate their ePCKT.

During and after instruction, teachers may reflect on their planned instruction
(ePCKP), their in-the-moment adaptations (ePCKT) and/or the foundational knowl-
edge (pPCK) underlying both.When reflecting on the outcome of enacting a strategy
in the unique situation of a particular set of interacting factors in a particular class-
room context, science teachers generate ePCKR. While drawing on pPCK (e.g.,
knowledge of common student difficulties or common student expressions of content
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understanding) that is applicable across classroom situations, teachers engage in in-
the-moment reflections specific to the particular incident under consideration. For
example, a teacher may identify that a particular moment was key to the success
(or difficulty) that students experienced in a lesson, or he/she may recognise a
particular student’s contribution as indicative of a preconception that she had not
encountered before.When this ePCKR is articulated and/or stored as knowledge that,
while contextualised in the teacher’s classroom, exists for use beyond the specific
students and classroom conditions under which it was generated, it becomes part of a
science teachers’ pPCK. In this way, insights gained from the specific situation may
contribute to new knowledge that can be applied in other situations.

Thus, whether coming up with instructional strategies appropriate for a given
classroom situation (ePCKP), recognising newevidence of student thinking (ePCKT),
or reflecting on the outcome of instructional strategies or a response to evidence of
student thinking (ePCKR), science teachers build on existing pPCK and generate
new ePCK. When articulated, the new ePCK can be incorporated into a teacher’s
pPCK. In this way, the interplay between these different realms of PCK operates in
both directions: ePCK informs and is informed by pPCK.

To illustrate how these different forms of ePCK play out in a science teaching
episode, consider the following example. Recalling how her students have struggled
to understand natural selection (pPCK), a biology teacher designs an activity to
address common learning difficulties (ePCKP). While teaching the lesson, a student
expresses an understanding of natural selection that the teacher was not expecting.
On the spot, she decides to use Darwin’s Galapagos finches to respond to the student
(ePCKT). After school, the teacher thinks about how the student may have come up
with his idea (ePCKR). She remembers the student idea and her explanation so that
she can anticipate this response when she teaches natural selection again (pPCK).
Considering just the teacher’s instructional response in the lesson, we can zoom in
further to see how ePCK plays out at the level of the microcycle described above.
While some evidence of student thinking may be presented in ways that match
perfectly with teachers’ prior knowledge (i.e., pPCK), most classroom situations
require teachers to recognise/notice something they have never encountered before—
whether a particular student’s way of expressing a known pattern of student thinking
or evidence of truly novel student thinking. Thus, when the student expresses her
understanding of natural selection, the teacher must immediately make sense of the
student idea (i.e., what it indicates about student understanding, what the student
does and does not understand; generating ePCKR). Still acting in the moment, the
teacher must then make a decision about how to respond, (i.e., plan an instructional
move; generating ePCKP) and enact the planned response (generating ePCKT). In
these in-the-moment instances, ePCK is likely to be transformed into pPCK only
tacitly, but this decision is also available for reflection in the macrocycle and, thus,
could contribute to the development of more explicit pPCK.



12 Unpacking the Complexity of Science Teachers’ PCK in Action: … 281

Illuminating the Complexity of Science Teachers’ PCK
in Action: Empirical Examples

In the sections above, we laid out a conceptualisation of ePCK and its relationship
to pPCK in order to unpack how these realms of PCK are brought to bear in the
moment of planning, teaching and reflecting. In this section, we provide examples
from empirical work on PCK that help to both illustrate our conceptualisation and
illuminate the complexity of the knowledge in action that we seek to understand
by articulating ePCK and pPCK. We start with an example of the processes by
which pPCK is transformed into ePCK and then ePCK is transformed into pPCK,
both through pedagogical reasoning. This example helps to make concrete specific
features of ePCK and pPCK described above and provides further elaboration of the
pedagogical reasoning inherent in the transformation from ePCK into pPCK.

Since ePCK is tacit knowledge, the best efforts to capture ePCK may still only
result in approximations of this realm of science teachers’ PCK. The next two exam-
ples in this section represent different approaches to making such approximations,
both seeking to understand the ePCK that is utilised in the moment of instruction
(i.e., in microcycles of plan-teach-reflect). These examples serve to illustrate the
complexity of capturing ePCK, pointing out where reasonable approximations can
and cannot be made.

All three examples highlight tools and approaches that have been developed to
capture and/or support science teachers’ PCK in action. While standardised instru-
ments can be used to evaluate whether teachers have acquired particular cPCK,
the contextualised nature of pPCK and ePCK requires different kinds of tools and
approaches. Below, we describe the use of some of these tools and approaches and
the extent to which they can be used to gain insights into science teachers’ ePCK
and/or pPCK and the interaction between them both.

Pedagogical Reasoning: Transformations Between ePCK
and pPCK in Macro- and Microcycles of Plan-Teach-Reflect

For the purpose of stimulating science teachers’ reflections and developing their
PCK, Content Representations (CoRes) have been shown to be a useful pedagogical
tool (Hume & Berry, 2011; Loughran, Berry, &Mulhall, 2006; Nilsson & Loughran,
2012). Further, in her reviewonPCK,Kind (2009) argued that theCoRe tool offers the
most useful technique devised to date in science education research for eliciting and
capturing PCK directly from teachers. Constructing a CoRe requires the teacher(s)
to reflect upon how to teach a specific topic in order to promote students’ learning.
It prompts the teacher(s) to articulate what is called “big ideas” and address queries
that include: what students should learn about each big idea; why it is important
for students to know these ideas; students’ possible difficulties with learning the
ideas; and how these ideas fit in with the knowledge the teacher holds about that
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content. In this way, working with the CoRe as a reflective tool has the potential
for transforming science teachers’ tacit pPCK into explicit pPCK but also, when
implemented into teachingpractice, informing teachers’ ePCKfor planning (ePCKP),
teaching (ePCKT) and reflecting (ePCKR). CoRes may also be used to represent the
collective views of a group of science teachers for teaching a specific topic, so that
a CoRe also represents a form of cPCK for that teacher group.

In Nilsson and Karlsson´s (2018) research, the CoRe was introduced to student
science teachers as a tool to stimulate their thinking about links between the content,
teaching and student learning as they individually planned and tailored science
instruction to a particular secondary classroom context and group of students. As
such, each student teacher’s individual CoRe was used to stimulate the transforma-
tion of pPCK into ePCK (for planning, teaching and reflecting). During the plan-
ning process, the student teachers were also encouraged to use resources such as
curriculum materials and educational research, thus supporting the process of trans-
forming cPCK into pPCK. The student teachers then taught a science lesson based on
their constructed CoRes. Following their teaching, the student teachers viewed their
video-recorded lessons and were encouraged to reflect upon their teaching perfor-
mance to identify unexpected moments (expressed as critical incidents) in relation to
their CoRes. Each student teacher chose two science teaching episodes, each about
4–8 min in length, representing: (1) a critical incident where she/he had succeeded in
accordance with the big ideas in the CoRe and (2) a critical incident where she/he had
experienced difficulties in fulfilling ambitions as expressed in the CoRe. The student
teachers made annotations in the videos pinpointing these two critical incidents and
providing reasoning as to why they felt they had succeeded or not in achieving their
aims as expressed in the CoRes. In this way, the student teachers’ video-recorded
lessons were used to scaffold and structure their articulation of their in-the-moment
pedagogical reasoning, transforming their ePCKT and their ePCKR into pPCK.

The outcomes of this research indicate that CoRe design prior to teaching episodes
raises student science teachers’ awareness of teaching issues around certain science
content and engages them in reflection and decision-making that they enact in class-
rooms. As such, the research supports the notion that reasoning about specific
instances of practice can help student teachers develop different aspects of their
pPCK (e.g. knowledge of content and knowledge of students’ understanding) as well
as their ePCK (i.e., knowledge that teachers draw on in the moment of action, where
the action may include planning, teaching or reflecting on teaching). The use of the
CoRe as a tool for planning the science lesson illustrates themacrocycle of the unit of
instruction. At the same time, the use of video annotations highlighting critical inci-
dents illustrates the microcycle. Such a way of organising student teachers’ reflective
work during their practicum implies a transformation from pPCK to ePCK to more
sophisticated form of pPCK through the process of pedagogical reasoning, from both
a macro- and a microlevel perspective. As such, the CoRe, together with the video
annotation tool, proved to be successful in scaffolding, structuring and even trans-
forming student teachers’ reflections, and consequently contributed to their pPCK
development.
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Approximating ePCK in Microcycles of Plan-Teach-Reflect

The tacit nature of ePCK presents a clear challenge for researchers seeking to capture
this realm of PCK. Even when connected to a particular instance of science instruc-
tion, artefacts such as lesson plans or annotated videos capture pPCK (expressed
when teachers’ reasoning is made explicit as part of macroprocesses of planning
or reflecting), rather than ePCK. Because ePCK is transformed into pPCK as it is
made explicit, we argue that it is impossible to capture the true nature of ePCK.
An alternative approach is to try to infer ePCK through evidence of the planning,
teaching and reflecting that occurs in association with a single instructional move in
science teaching (i.e., a microplan-teach-reflect cycle). In this section, we describe
two examples of this approach.

Cognitive science research suggests that, even a short time after a given activity,
people are unable to recall exactly what they were thinking when engaged in that
activity (e.g., Ericsson and Simon, 1993; Leighton, 2004). Therefore, there is reason
to believe that inferring the ePCK associated with a given instructional move would
require teachers to “think aloud” (Ericsson and Simon, 1993) while teaching (i.e., to
articulate pedagogical reasoning associatedwith the planning, enacting and reflection
on that instructional move).5 “Thinking aloud” would allow inferences of ePCKT to
bemade directly from the observed instructionalmove, but also provide opportunities
(a) to elicit pPCK associated with planning and reflecting (as a proxy for ePCKP and
ePCKR) and (b) to elicit pPCK associated with teaching (to check inferences about
ePCKT made directly from teaching actions). Unfortunately, this ideal is clearly
not feasible in real classroom settings. Thus, researchers turn to work with science
teachers outside of the classroom context to try to recapture or to simulate aspects
of the plan-teach-reflect cycle that happen in-the-moment during instruction. We
describe a method of each type in the sections below.

Documenting Evidence of ePCK and Associated pPCK

Pedagogical and Professional-experience Repertoires (PaP-eRs) (Loughran, Milroy,
Berry,Mulhall, &Gunstone, 2001) offer onemeans of representing science teachers’
in-the-moment instructional decisions and actions. PaP-eRs are short (1–2 pages)
vignettes intended to represent the thoughts and actions of a knowledgeable science
teacher in teaching a specific aspect of the content to students in a particular context.
PaP-eRs include information about the classroom context, the teacher’s thinking

5While acknowledging that video stimulated recall is often used to elicit teachers’ recollections
of in-the-moment reasoning (e.g., Akerson, Flick, & Lederman, 2000; Nilsson, 2008), following
Ericsson and Simon (1993), it seems that such efforts may be accessing existing pPCK (i.e., the
way a teacher has made sense of a given classroom event after the fact), rather than pPCK that is
being transformed directly from ePCK during the stimulated recall (i.e., pPCK that could serve as
a direct proxy for ePCK).
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about the content, examples of students’ responses, and what it is about the content
that shapes the approach to teaching and learning and why. PaP-eRs are constructed
by researchers in consultation with teachers from data gained while observing a
particular science teacher’s classroom and/or through interviewing a teacher about
an instance of practice where he/she came to understand the content differently as a
consequence of teaching it. Through making explicit these components of classroom
practice and associated teacher reasoning, PaP-eRs capture aspects of a teacher’s
ePCKP, ePCKT and ePCKR, within the microcycles of instructional moves occurring
in the lesson, and since PaP-eRs are constructed post-lesson, their ePCKR in the
macrocycle of instruction, as teachers think back on their planned instruction and its
subsequent student outcomes.

For example, Bertram and Loughran (2012) used CoRes in combination with
PaP-eRs to investigate the development of experienced secondary science teachers’
PCK over a two-year period. In this study, participating teachers (n = 6) individually
created CoRes for a science topic they planned to teach, then reflected on the process
of making the CoRe and how that process influenced their thinking about teaching
and learning, and how it influenced their understanding of PCK. As Bertram and
Loughran (2012) noted:

in creating the CoRe, it forced these teachers to explicitly think about and connect with
their tacit knowledge about teaching and learning. Thus, the process of working through
developing a CoRe encouraged these participants to find ways of articulating that which
they knew and how they developed their knowledge of practice. (p.1036)

Following their teaching of the topic, participants were then asked to develop
a PaP-eR (in collaboration with the researchers) illustrating a particular classroom
teaching episode in science based on their CoRe. As one participant noted:

“So, what I feel is - that this [PaP-eR] is articulating, documenting, making explicit - that
kind of process which … on reflection, is a process … that I have going on in my head all
the time, in relation to teaching…”. (p.1040)

Bertram and Loughran’s study showed the use of the CoRe and PaP-eR tools
enhanced science teachers’ knowledge of practice (i.e., transformation of ePCK to
pPCK) through making explicit and sharing their knowledge about teaching and
helping to highlight the ways in which content and purpose are closely linked in
teaching. In particular, all participants claimed that developing their PaP-eRs encour-
aged their self-reflection and self-evaluation of their specific contexts and teaching
practices (pPCK and ePCKR) and helped to pinpoint areas in which they could
improve (e.g., connecting with particular students and their learning needs).

Stimulating Generation of ePCK Outside of the Classroom

Simulating aspects of the plan-teach-reflect cycle that happen in-the-moment during
science instruction, outside of the classroom involves a trade-off between the authen-
ticity of a real classroom situation (such as represented in the PaP-eRs) and the ability
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to capture approximations of ePCK that would be unfeasible in real classroom situ-
ations. While not engaging teachers with their own students in their own teaching
contexts, this method often incorporates elements of real teaching situations, such
as authentic prompts (e.g., video of students expressing their ideas) and authentic
response formats (e.g., interacting with a live actor). To date, these methods have
not captured all three types of ePCK, focusing either on teachers’ articulating in-the-
moment decision-making (ePCKP and ePCKR) or researchers making inferences on
the basis of teachers’ in-the-moment actions (ePCKT).

In order to simulate a science teacher’s encountering of unexpected student
thinking in a classroom situation, Alonzo and Kim (2016) presented teachers with
videos of students expressing ideas about force and motion. The videos, all drawn
from real physics classrooms similar to those of the participating teachers, high-
lighted unusual student thinking—i.e., “unexpected or novel student ideas or ques-
tions” (p. 1268). Teachers were asked first to describe the student thinking in the
video and then to explain how they might respond to the student. The intent was
to capture teachers’ in-the-moment reasoning if a student were to offer the same
statement or question in their own classrooms, by asking teachers to make explicit
(i.e., transform into pPCK) the ePCKR and ePCKP, respectively, that might underlie
a classroom instructional response.

In contrast, twoGerman research groups have devisedmethods to simulate science
teaching situations and teachers’ actual responses to students (i.e., opportunities to
infer ePCKT), but do not require teachers to describe their planning or reflecting
processes and, thus, do not capture ePCKP or ePCKR. In the domain of mathe-
matics education, Lindmeier and colleagues (Knievel, Lindmeier, & Heinze, 2015;
Lindmeier, 2011) used videos of classroom situations highlighting student thinking;
however, rather than describing potential instructional moves to an interviewer,
teachers were asked to speak (to a computer) as if directly to the student. With
this method, researchers capture teachers’ instructional moves in response to the
video and, thus, infer their underlying ePCKT. As the video-recorded student cannot
react to the teacher’s instruction, this method (like the one used by Alonzo and Kim)
involves a single instructional move.

The method used by Kulgemeyer and Schecker (2013) entails multiple instruc-
tional moves. In this method, teachers are given time to prepare an explanation of
a particular physics problem and then are asked to provide that explanation to a
“student” (a specially trained live actor). The student asks questions or provides
other responses to the teacher’s explanation, using a predetermined script. With this
method, researchers can capture instructional moves that the science teacher makes
throughout the explanation interaction and, thus, infer evidence for ePCKT across
multiple plan-teach-respond cycles.

In the above described examples, Alonzo and Kim captured ePCKP and ePCKR,
while Lindemeir, Kulgemeyer and colleagues captured ePCKT. In order to capture all
three forms of ePCK, onemight imagine a hybrid situation, in which science teachers
are presented with evidence of student thinking and are then asked to (a) articulate
not only a proposal for how to respond to the student thinking, but also the reflection
and planning underlying the proposed instructional response (i.e., transform ePCKR
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and ePCKP into pPCK) and (b) enact that response (i.e., provide evidence fromwhich
ePCKT might be inferred).

One advantage of all of these approaches is that they permit comparison across
teachers. While it is impossible to observe multiple science teachers in the exact
same “real” classroom situation, the same video can be shown over and over again,
and actors can be trained to behave similarly when interacting with many different
teachers. At the same time, this advantage is a limitation, in that ePCK—like the
pPCK on which is it based—is specific to a teacher’s own teaching context. Simula-
tions outside of the classroom strip that context away from the enactment. Thus, it is
likely that multiple approaches, in combination, will be required to fully approximate
a teacher’s ePCK. Methods such as PaP-eRs provide authentic contextualisation,
whereas simulations outside of the classroom may capture closer approximations of
ePCK.

Conclusion

To date, research on PCK in the science education field has largely focused on rela-
tively static forms of propositional knowledge and, thus, has deepened our under-
standing of the composition and structure of teachers’ cPCK and pPCK, i.e., the
outer rings of the RCM (see Fig. 2.3, Chap. 2). Like other chapters in Part III, ours
illustrates how the RCM can be used to classify different realms of PCK and, there-
fore, more clearly articulate the focus of a given research or teacher education effort.
As shown in Figs. 12.1 and 12.2, we found it useful to identify the different types of
enactment and, thus, the different types of ePCK that are entailed in enacting macro-
and microplan-teach-reflect cycles. In doing so, we highlight the growing body of
research that draws attention to the centre of the RCM, exploring science teachers’
ePCK (i.e., PCK in action) and the relationships that exist between ePCK and pPCK.
We argue that this work is essential if we are to understand not just what science
teachers know, but how that knowledge is transformed into learning experiences for
students.

We bring to the RCM a strong interest in and commitment to the aspects of
teachers’ work that take place “in action”. While the RCM acknowledges this realm
of PCK (i.e., ePCK), it has not yet been fully elaborated. Thus, in this chapter, we
have sought to unpack ePCK and its relationship to pPCK. By considering ePCK
to be tacit knowledge in action, we emphasise that teachers’ knowledge is often not
made explicit, especially in the midst of interacting with students. Our perspective
on the relationship between ePCK and pPCK allows us to explain how pedagogical
reasoning facilitates the gradual growth of pPCK in response to the experience of
teaching particular content to particular students in particular contexts. This perspec-
tive also helps us to articulate why it is so difficult to capture exactly what enables a
given moment of instruction. So much of what happens in the moment is tacit. While
teachers make a number of instructional moves throughout a lesson—many of them
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unplanned and, thus, generated in the moment—it is extremely rare for the knowl-
edge resources (e.g., knowledge, decision-making) underlying a given move to be
made explicit as part of instruction. We cannot directly observe the ePCK involved
in teachers’ planning, teaching or reflecting and, thus, do not know exactly what
motivates a given instructional move.

We put forth this interpretation of ePCK and its relationship to pPCK with the
goal of enabling other researchers to utilise this critical area of the RCM. As others
heed the call to focus more attention on PCK in action (e.g., Henze & van Driel,
2015), we see the constructs of ePCK and pPCK as especially valuable for clarity
in communicating the aims and challenges of our research and in devising ways to
capture particular aspects of PCK in action.
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Part IV
So What and What Next?

Andreas Borowski

Overview

In many discussions at international conferences, great interest has been shown in
the model of teacher professional knowledge and skill including PCK - Consensus
Model (CM) of PCK as it is more commonly known) (Gess-Newsome, 2015) -
which was developed at the first PCK Summit in 2012. However, there was often
feedback from discussants that it is difficult to imagine concrete research projects
using this model. For this reason, most of the chapters in this book discuss the
application or adaptation of the RCM of PCK in science, presented in Chap. 2, in
various existing studies. Note most of these studies were originally planned and
conducted without the RCM, but these have now been retrospectively related to the
new model. Thus, the chapters in this book show that the RCM is not something
completely new; rather, it is a combination of ideas already existing in the com-
munity that have now been merged.

This last part of the book wants to look forward, but also backward. So it is
about what we as a community can do with the RCM now, but also, what have we
learned from the Summit meetings so far and how can we continue to make use of
this learning.

Chapter 13 deals with the possibilities of further research in the field of science
PCK and beyond using the RCM and raises questions about planning new research
projects. Which areas of the model have perhaps not yet been studied so inten-
sively? Which new research areas can be established? How could research methods
be used to investigate the complexity of RCM? The chapter seeks to point out and
promote the benefits of making the model the basis for future research. For
example, if many research projects refer to the model, the results can be linked
more closely.



Chapter 14 discusses the research on PCK in general, especially that emanating
from the two PCK Summits in Colorado Springs, USA, and Leiden, Netherlands.
The chapter describes the productivity of working together at Summits, but also the
responsibility involved. The role of the Summits in moving the field of PCK
research forward is also discussed. Above all, it describes how much fun it can be to
join this field of research via events like Summits and advance joint research on
PCK!
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Chapter 13
Perspectives on the Future of PCK
Research in Science Education
and Beyond

Christopher D. Wilson, Andreas Borowski and Jan van Driel

Abstract This book demonstrates that PCK is studied with different intentions, dif-
ferent methodologies, and in different contexts. Nevertheless, the two PCK Summits
of researchers in science education have made significant progress in conceptual-
ising PCK, representing it first in a consensus model, and now refining that model
in response to the successes and failures from studies that have applied the original
model to current research. The Refined Consensus Model (RCM) of PCK for sci-
ence teaching consists of a set of related components, allowing researchers to locate
their work in specific components of PCK, connect their work across components,
and to connect their work with broader issues and policies. Clearly, the RCM and
research on PCK are closely intertwined. The intention of this chapter is to use the
refined model to help outline some possible strands for future PCK research, par-
ticularly with the new PCK researcher in mind. Using the RCM as a framework,
we describe possible studies on the structure of PCK, the development of PCK, the
measurement of PCK, and the broader impacts of the refined model itself in science
education and potentially other domains.

Introduction

In the National Academies report Scientific Research in Education, Shavelson and
Towne (NRC, 2002) highlight the current importance of educational research, stating:

In today’s rapidly changing economic and technological environment, schooling cannot be
improved by relying on folk wisdom about how students learn and how schools should be
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organised. No one would think of designing a rocket to the moon or wiping out a widespread
disease by relying on untested hunches; likewise, one cannot expect to improve education
without research. (NRC, 2002, p. 12)

While there is widespread agreement that the educational process can be improved
through research (the American Educational Research Association (AERA) alone
has more than 25,000 members), educational research has, at times, received signif-
icant criticism. Some critiques focus on insufficient progress, such as the lack of (a)
systematic accumulation of knowledge; (b) evidence-based refinement and replace-
ment of theories; and (c) policy-relevant consensus understandings, each of which
have led to significant improvements in other areas of scientific research such as
medicine and agriculture (Klahr, 2010; Slavin, 2008). Suggested actions to address
this problem include calls to develop consensus and operational definitions of con-
structs, approaches, and theories; to better define the intended goals of instruction;
and to conduct replicable empirical studies that examine the relationship between
instructional interventions and desired outcomes (BMBF, 2017; Klahr, 2010; NRC,
2012).

Enter the PCKSummits—twoworkshops held in Colorado, USA, and Leiden, the
Netherlands, in 2012 and 2016, respectively, involving expert researchers and emerg-
ing researchers in science education (and mathematics education at the First (1st)
Summit). The organisers of these meetings recognised that research on PCK was
important, and even very common, especially in the domain of science education.
However, its impact on practice and policy could be greatly improved by devel-
oping a consensus understanding and operational definition of the PCK construct.
Further, by bringing together different perspectives on PCK research—from areas
such as teacher education, learning theory, policy, educational measurement, as well
as representatives from multiple research traditions in different countries—the two
workshops sought to take an evidence-based approach to understanding what is cur-
rently known about PCK, and what we still need to learn. This chapter describes the
latter. Specifically, it is a humble attempt to interpret and summarise the complex and
challenging (but always constructive) discussions at the Second (2nd) PCK Summit,
with a focus on how they might inform future research on PCK. And to expand
beyond current work, we encourage new educational researchers and researchers
new to PCK, both within and outside of science education, to consider the directions
suggested in this chapter and to use the RCM to both inspire and frame their work.

(A Brief) Summary of Implications for Research Suggested
in the Preceding Chapters

While rarely their focus, all the chapters in this book either describe the limitations
of existing research on PCK, recommend future directions for research on PCK,
and/or discuss the role of the RCM in shaping future lines of research in science
education. Most importantly in this regard is of course Chap. 2, which reframes
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research on PCK around the RCM. This chapter describes how the RCM repositions
PCK as three distinct realms of knowledge and skill within science teachers’ overall
professional knowledge base that are centred round the practice of teaching. We
expand on the implications of this reframing for research below. Similarly, there are
implications for research from the RCM’s emphasis on pedagogical reasoning and
knowledge exchanges between these realms of PCK, other professional knowledge
forms and contextual and affective influences.

Other chapters explore the relationships between several existing models of PCK
and the RCM. Park in Chap. 4, for example, highlights several issues related to
research on PCK, including the need for longitudinal studies on PCK development;
how PCK develops through interactions with professional communities; the need to
examine contextual factors associated with PCK; as well as providing recommen-
dations for research across the full plan–teach–reflect pedagogical cycle in science
teaching. Sorge, Stender and Neumann in Chap. 6 connect models of the devel-
opment of science teachers’ professional competence with the RCM. This chapter
points to the need for future research on the complex relationships between the com-
ponents of PCK in the refined model, especially as they relate to the development
of PCK. While their data are largely quantitative, the authors point to the need for
complementing such workwith qualitative studies. Schneider in Chap. 7 explores the
potential of learning studies that allow researchers to reveal and characterise science
teacher PCK, an approach grounded in the plan–teach–reflect cycles that represent
the work of science teachers in the RCM. Schneider recommends the use of learning
studies in future PCK research aimed to describe learning progressions for science
teachers.

Henze and Barendsen in Chap. 9 apply non-intrusive techniques to the mea-
surement of PCK development in student science teachers for formative purposes,
allowing instructors to adjust instruction without additional external tools or tasks.
They also explore patterns in PCK development, and point to the need for more
research on models of these trajectories. Carpendale and Hume in Chap. 10 examine
the impact of the collaborative Content Representation (CoRe) design on science
teacher PCK and encourage more research that (a) includes multiple teachers, allow-
ing generalisability; (b) examines student outcomes to better explore interventions
designed to increase science teacher PCK; and (c) examines teacher reasoning in the
act of science teaching.

Chan, Rollnick and Gess-Newsome in Chap. 11 explore the development of a
grand science rubric for measuring PCK. This work extends the value of a consen-
sus model of PCK by suggesting a consensus approach to measurement, allowing
researchers to look across studies with common metrics. Alonzo, Berry and Nilsson
in Chap. 12 examine how to reveal and characterise PCK in action, that is, the inter-
action of science teachers’ personal and enacted PCK (pPCK and ePCK) that is used
to inform instructional decisions in the classroom. Their work points to the need for
research not just on teachers’ professional knowledge, but on how that knowledge
is enacted in teaching, which has implications for measuring PCK in situ. Further,
their chapter raises questions about the model that require further research.
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A Framework for Future PCK Research

In looking across the findings and suggested future directions in the chapters
described above, and the recommendations from the 1st PCK Summit (Berry,
Friedrichsen, & Loughran, 2015), to other research in this field and/or other domains
that might not have been represented at the Summits, as well as current research and
policy contexts, several themes emerge. Below, we describe some of these major
themes and suggest some research questions that address these themes and their
potential contribution to the field. While certain research questions suggest cer-
tain research methods, we attempt to remain somewhat agnostic and open towards
methodology. Building a complete and informative body of understanding requires
both quantitative and qualitative inquiry, as well as synthesis studies, design research,
experimental studies, replication studies, and theoretical reflection.

1. Research on the Structure of PCK

It is important to recognise that the evidence base for the RCM is incomplete. The
review of research conducted during the 1st PCK Summit found agreement around
several trends, such that PCK exists on a continuum from weak to strong and that
teachers with strong PCK are better able to improve student learning. However, the
evidence for most broad claims is not strong, and certainly in science education
includes very few studies employing rigorous research designs or providing high
confidence in causal claims (see Chap. 1). The RCM invites us to revisit these trends,
together with a systematic examination of the individual components of the model,
the relationships between components of the model, and perhaps most importantly,
how these components correlate with and predict student learning.

The RCM describes three components or realms of PCK in science teaching—
collective PCK (cPCK), personal PCK (pPCK), and enacted PCK (ePCK)—with
knowledge exchange occurring between them via processes of pedagogical reason-
ing that ultimately result in learning opportunities for students. Numerous research
questions exist within and between each of the three PCK realms of ePCK provid-
ing perhaps the richest and most accessible research opportunities, particularly for
beginning researchers.

ePCK
In our thinking about future research directions in PCK research, we now turn atten-
tion to the centre circle of the RCMmodel (see Chap. 2) representing ePCK, which is
the realm or component of PCK comprising the knowledge and skills science teach-
ers use in the act of teaching.Within ePCK, research on the knowledge and resources
that inform science teachers’ instructional decisions, particularly for certain content
or for certain students, is greatly needed. For example, research on how teachers
select, evaluate, adapt, and integrate instructional materials has a strong history in
science education, but must now explore how science teachers interact with the over-
abundance of digital resources of vastly varying quality that is currently available to
them. Similarly, research should examine tools and processes that can support sci-
ence teachers in integrating a range of instructional resources while still providing
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coherent and effective learning experiences for all students, that is, support their ped-
agogical reasoning. Alternatively, researchers might examine the plan–teach–reflect
pedagogical cycle, such as questions around how the cycle varies across science
teachers with different backgrounds or experience, or across content areas or topics.
Equally, onemight study how science teachers reveal and respond to student thinking,
or how intentional they are in their practice and pedagogical decision-making. In this
context, it may be relevant to connect research on ePCKwith research on teacher pro-
fessional noticing. The construct of teacher professional noticing (observing, under-
standing and responding to student thinking during instruction) as a key element of
teaching expertise has gained increased attention over the last decade (e.g., Mason,
2002; Scheiner, 2016; Sherin, Russ, &Colestock, 2011). Research on teacher profes-
sional noticing, in particular, in the domain of mathematics education, has focused
on teachers’ in-the-moment reasoning and decision-making, typically using video
recording of classroom situations as input. Both conceptually and methodologically,
professional noticing and enacted PCK are related, and research in these domains
may benefit from each other in an attempt to improve our understanding of how and
why teachers make certain pedagogical decisions when they interact with students
about particular subject matter.

Some of the most important questions related to ePCK connect it with student
learning. While the 2nd Summit’s focus on PCK is grounded in the belief that a sci-
ence teacher’s PCK is important in providing students with meaningful opportunities
to learn, the basis for this belief is perhaps where evidence from current research is
the weakest. There are many reasons for this weakness, among them being the prob-
lem that research studies reporting on this relationship were rarely designed to reveal
it. Instead such studies were designed and statistically powered to look at impacts of
professional development (PD) interventions on teacher learning, teacher practice,
and student learning separately. In other studies, measures of student learning (e.g.,
standardised tests across a certain domain) were not well aligned with the measures
of teachers’ PCK (e.g., focus on a specific topic or application of knowledge). As
such, our science education field needs studies that are designed to reveal the extent
to which ePCK, as visible in planning, classroom practice, and reflection, results in
or contributes to student learning (e.g., Liepertz & Borowski, 2017). Such research
must also recognise that what one values in student learning of science is an impor-
tant consideration (e.g., factual recall, motivation, scientific literacy, and reasoning),
and examine the relationship for specific outcomes, as well as for different students.

pPCK and its Connections to Other Components
Moving outward in the RCM to the increasingly larger concentric circles, we identify
many potential research questions that connect ePCK with personal PCK (pPCK),
and on pPCK itself. As described in Chap. 2, pPCK is both informed by and informs
ePCK, which suggests research on how pPCK is translated into instruction, and
conversely how experiences in the classroom shape and revise a science teacher’s
professional knowledge. For example, one might study how pPCK varies across
science teachers, and how that variation influences what happens in their classrooms.
Equally, we know relatively little about how feedback from students and their own
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science teaching experiences in the classroom impacts science teachers’ pPCK and
inform their understanding of effective practice. Research into that feedback can be
extended to studying how it shapes a science teacher’s own teaching, and how it
supports them in collaborating with colleagues.

cPCK
Finally, moving to the outer circles of the model, other important research ques-
tions emerge. Science teacher educators and professional development providers
can benefit greatly from research that advances our understanding of how science
teachers’ pPCK emerges through interaction with the collective knowledge of the
field (cPCK). How do science teachers access this knowledge for example, or what
filters mediate the impact of that collective knowledge on their individual practice?
And further beyond, to the outermost circle beyond PCK representing other forms
of professional knowledge contributing to PCK, some basic questions about PCK
remain largely unanswered. What is the nature of the relationship between content
knowledge and PCK? What types of content knowledge do science teachers need?
How does general knowledge of effective teaching strategies contribute to effective
teaching in different disciplines of specific topics? How can assessment be used
to help science teachers develop a more student-centred mindset? Despite the fact
that these questions have been studied in PCK research over the past 25 years (see
for an overview: Van Driel, Berry, & Meirink, 2014), they have not been resolved.
The structure of PCK for science teaching, as represented in the RCM (Fig. 13.1),
provides a rich vein for research that can inform areas such as teacher education,
professional development, and instructional materials development.

2. Research on the Development of PCK

In considering the development of teacher professional knowledge, the 1st PCK
Summit concluded that PCK can be strengthened through teaching experience, pro-
fessional development, or other interventions, but that teaching experience does not

Fig. 13.1 Refined Consensus Model of PCK for teaching science (see Chap. 2)
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necessarily result in increased PCK. The chapters in this book build on these findings
in the context of science education, and delve deeply into the development of PCK,
highlighting the need to future research in this area. Here, we consider three areas
of inquiry related to the development of PCK.

(a) Longitudinal Studies
A number of researchers in this book point at the need for more research on
the trajectories or pathways that science teachers travel as they move along a
continuum from novice to expert. Such research holds great potential to inform
science teacher education and the development of programmes for professional
learning and to guide professional development (PD) leaders in making instruc-
tional decisions. Learning progressions research is one potential avenue for
research here, and the potential and challenges of applying this approach were
described in the report from the 1st PCK Summit (Friedrichsen & Berry, 2015;
Schneider, Chap. 7).

(b) Intervention Studies
Many questions exist around how to most effectively develop teacher PCK
(Darling-Hammond,Hyler,&Gardner, 2017). The focus here is often on teacher
education and professional development programmes, where research seeks to
identify which programmes are more effective than others (for what students
and for what outcomes), and how the features of those programmes help support
the development of PCK. Ideally, such studies compare the impact of different
interventions on intended outcomes, while controlling for other variables. Such
comparative experimental studies are largely absent from the research base,
with correlational studies and teacher self-reports being the dominant research
methodologies (NASEM, 2015; Yoon et al., 2007). Causal research on PCK
interventions might compare a professional learning programme focused on
teacher content knowledge with one with a more pedagogical focus (e.g., Roth
et al., 2017), or compare the impact of educational curriculum materials with
and without professional development to reveal important information on how
to support the use of educative materials (e.g., Gess-Newsome et al., 2017).
Whenever possible, intervention studies should examine multiple teacher out-
comes (pPCK, cPCK, and ePCK, classroom practice, as well as science content
knowledge). Finally, impacts on student outcomes are particularly important to
explore since little is still knownabout the impact of teacher learning experiences
on student learning (NASEM, 2015;Wayne, Yoon, Zhu, Cronen, &Garet, 2008;
Wilson, 2013). In a systematic review of research on professional development
of science teachers Van Driel, Meirink, Van Veen, and Zwart (2012) identified
only six studies (out of 146 examined) that applied “measures to assess student
learning outcomes” (p. 152). Future studies should pay attention to both the
type of student learning that is valued and measured, as well as mediation of
student learning by teacher outcomes.

(c) Contextual Studies
Aswe developmore robust understandings of how science teachers’ PCKdevel-
ops over time and what interventions are effective in supporting that develop-
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ment, complementary research needs to examine the factors that influence that
growth. Such research questions might be explored within a longitudinal or
intervention study, for example, through analysis of the mediation and moder-
ation of teacher outcomes by grade level, topic, teacher experience, or district
and school characteristics. Alternatively, contextual factors might be the pri-
mary focus of studies, which examine how PCK develops in specific systems,
cultures, or contexts.

3. Research on the Measurement of PCK

Multiple measures of science teacher PCK currently exist in the literature. Since
PCK is, as Shulman described, “uniquely the province of teachers, their own special
form of professional understanding” (1987, p. 8), it is most authentically measured in
the professional work of teachers. Consequently, many current assessments of PCK
measure its manifestations in different parts of the plan–teach–enact pedagogical
cycle. Other measures take the form of more formal knowledge assessments, such
as asking science teachers to provide written responses to classroom situations, or
engaging them in watching and analysing classroom video recordings. Researchers
continuing work on these measures should clearly situate their approach in the RCM
and describe which components of PCK they do and do not measure. Concurrent
validity across measures is also an important area of research, such as exploring the
extent to which different measures of PCK locate science teachers in the same place
on a continuum from novice to expert, or to what extent different measures predict
student achievement.

A primary concern in educational measurement is of course the validity of mea-
sures, which is a critical area for future research on both new and existing measures.
Work in this area should recognise that assessments are not inherently valid, but that
assessments are only valid for particular uses or decisions. As such, those intended
uses need to be clearly defined and various forms of validity evidence must be gath-
ered to support validity arguments. A validity framework is helpful here, which
can guide research on PCK measurement (Kirschner, Taylor, Rollnick, Borowski, &
Mavhunga, 2015). Various such frameworks exist in the literature, and some are quite
accessible to those researchers less embedded in educational measurement. Pelle-
grino, DiBello, and Goldman (2016), for example, describe a validity framework
with three components—a cognitive component that evaluates the extent to which an
assessment measures the intended cognitive processes; an instructional component
that evaluates the extent to which an assessment aligns with the goals of instruction
and can inform instruction, and an inferential component that explores the extent to
which an assessment provides accurate information on the performance of respon-
dents. Applied to PCK research, the cognitive component might look at the extent to
which an assessment measures a specific component of the refined PCK model, the
instructional component might examine the alignment between a PCK measure and
the goals of a specific PD programme, and the inferential component might explore
how information from an assessment can provide a science teacher educator with
useful information on teacher learning. While the Pellegrino et al.’s framework was
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designed for student assessments, transferring such work to the measurement of sci-
ence teacher learning and the development of PCK can support and guide instrument
development research, and improve the quality of measures in research on PCK and
its development.

Finally, future research on the measurement of PCK should also explore:

(a) The sensitivity of assessments—that is, the extent to which measures are able
to detect change over time, the differential impact of interventions, or the dif-
ferences between novices and experts.

(b) The formative value of assessments—including the extent to which measures
can effectively inform instructional decisions.

(c) The efficiency of assessments—how different measures can provide the same
information with less time or intrusion into science teaching and learning.

(d) The authenticity of assessments—that is, the extent to which measures are sit-
uated in the professional work of science teaching, and the value of that on
measurement.

4. Research on the Impact of the Refined Consensus Model of PCK

One goal of both of the PCK Summits was to build a consensus understanding
of PCK that could shape future research, reduce ambiguity, and provide a com-
mon framework and language that would facilitate more effective accumulation of
knowledge in the science education field. We therefore hope future researchers will
explore the impact of the RCM, as well as other findings from the 2nd PCK Sum-
mit. Researchers might examine the uptake of the model, and the extent to which it
becomes pervasive in studies of PCK in science education and other domains, or in
practice and policy. Similarly, studies could examine if knowledge accumulation is
supported by the findings from the 2nd PCK Summit, by supporting research syn-
thesis or meta-analytic work. The work of Gastaldo, Castro, Homen-de Mello, and
Leal (2017) is one such example.

Conclusion

The four themes described here represent one attempt to frame the future needs,
actions, and impact of some avenues for research on PCK in science education and
beyond. The themes or topics within this chapter are certainly not exhaustive, and
indeed, even major areas are not included. Connecting PCK research with policy
was not addressed, for example. Discussion of policy filled a whole chapter (Sickel,
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Banilower, Carlson, & Van Driel, 2015) in the previous book emerging from the 1st
PCK Summit and could probably be the topic of several in this volume, given the
current international agenda on teacher quality, various reforms that are reimagining
student outcomes, as well as contemporary discussions on the role of schooling.
Similarly, a discussion of PCK research and equity is absent here and deserves more
thorough treatment than we had room for in this chapter. Both policy and equity are
important areas that future research should address.

The RCM holds great promise for guiding future research, but as with any model,
it should be continually evaluated and refined as our knowledge of PCK develops
through the very research it informs.While somemayhave respondedwith frustration
that the model evolved so quickly from its first iteration (Gess-Newsome, 2015),
especially in science education, this evolutionwas driven by its successes and failures
as it was released into its natural environment. All scientific models change over time
and adaptations that make them more effective should be encouraged.

Finally, we encourage new researchers in science education, and in domains other
than science, to explore this terrain deliberately and rigorously, but also with an
open and optimistic mind about how their work can help build knowledge on the
structure, development, and implications of PCK for teaching and learning.Returning
to Shavelson and Towne’s commentary in Scientific Research in Education (NRC,
2002), the contribution of any research study does not live or die on finding significant
effects, but rather:

… many scientific studies in education and other fields will not pan out. Research is like
oil exploration—there are, on average, many dry holes for every successful well. This is not
because initial decisions on where to dig were necessarily misguided. Competent oil explor-
ers, like competent scientists, presumably used the best information available to conduct
their work. Dry holes are found because there is considerable uncertainty in exploration of
any kind. Sometimes exploration companies gain sufficient knowledge from a series of dry
holes in an area to close it down. And in many cases, failure to find wells can shed light on
why apparently productive holes turned out to be dry; in other words, the process of failing
to make a grand discovery can itself be very instructive. Other times they doggedly pursue
an area because the science suggests there is still a reasonable chance of success. Scientific
progress advances in much the same way. (NRC, 2002, p. 25)

We look forward to seeing the impact the RCM has on future research into PCK
in science education and other domains. All signs point to fewer dry holes as well as
deeper exploration and productivity.
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Chapter 14
Developing Research on PCK
as a Community

Rebecca Cooper and Jan van Driel

Abstract After its introduction, a group of scholars, led by Lee Shulman, performed
several studies on PCK in a range of disciplines. Since the 1990s, PCK studies have
become a prominent strand in science education research. Initially, most of these
studies were done in the USA, but once PCK was picked up by science education
researchers in other continents, a proliferation of conceptions and models of PCK,
and instruments to study it, became apparent. This chapter describes the ways in
which scholars in science education have communicated with each other, through
books, articles, presentations at conferences and, significantly, the PCK Summits
to continue the conversation around PCK. The chapter will focus on the process of
developing a consensus model of PCK among the scholars that participated in the
two PCK Summits, how they communicated with each other during and after the
Summits, and with the broader community of researchers with an interest in PCK.
The chapter includes personal reflective narratives to exemplify key features of the
PCK Summit processes and outcomes and looks to offer insights into the impact and
possible next steps post the Second (2nd) PCK Summit.

Introduction

After Lee Shulman introduced pedagogical content knowledge (PCK) in his 1986
presidential lecture for American Educational Research Association (AERA), he led
a group of scholars who performed studies on PCK in disciplines ranging from lan-
guage and social studies to mathematics and science. Since the 1990s, PCK studies
have become a prominent strand of research, especially in the domains of mathemat-
ics and science education. Initially, most of these studies were conducted in the USA,
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but once PCK was picked up by science education researchers in other continents, a
variety of conceptions andmodels of PCK, and instruments to study it, was developed
and subsequently disseminated through books, articles, joint projects, and presenta-
tions at seminars and conferences. This chapter focuses on the processes of sharing
research methods and outcomes among the mostly science education scholars who
participated in two international meetings known as the PCK Summits, including
personal reflections by the authors as Summit participants. The chapter describes
how attendees communicated with each other during and after the Summits, and
with the broader community of researchers with an interest in PCK, to develop a
shared language and arrive at a consensus about models and methods.

The processes of sharing research methods and outcomes should be seen in the
broader context of academic research in the twenty-first century, which in all disci-
plines is a global enterprise. The numbers of international conferences, books, and
journals have increased exponentially in the last decades. Publications and presenta-
tions are vital to share research and discuss how new research outcomes contribute
to the field. Decisions about acceptance of papers are often based on considering
what the community of researchers in the domain of the paper can learn from it or
what the paper adds to the existing body of knowledge. At the same time, research
output measured by publications and presentations has become very important for
the careers of individual researchers and in the assessment of research institutes. The
increase of scale comeswith several challenges. Conferenceswith an attendance over
10,000 delegates have had to organise their schedules to accommodate as many pre-
sentations as possible, for instance, by limiting the time per presentation (5 talks per
slot of 90 min is not unusual) and increasing the number of parallel sessions. Obvi-
ously, such measures compromise the opportunity for discussions about research.
Not only the time to discuss is limited, but by organising a conference schedule
around specific themes or strands (in divisions or Special Interest Groups) that run
parallel in time, the chances to meet researchers from adjacent research areas are
minimised. In addition, research journals increasingly tend to specialise on specific
strands of research. As a result, groups of researchers tend to communicate within
specific channels (e.g., Special Interest Groups and specialised journals) and are thus
not always aware of what happens in other communities. This narrowing of com-
munication lines is particularly problematic for multidisciplinary research, which
thrives on connections between groups of specialists in different areas. To counter
these problems, interactions between researchers are organised in a variety of ways,
such as summer schools around a specific (multidisciplinary) theme or exchanges
of staff and Ph.D. students between institutes, often facilitated by scholarships and
sabbaticals.

The PCK Research Community: 1986–2010

The origins of research on PCK have been well documented. For instance, in an
interview with Lee Shulman in 2007, he reflected on what was called the Teacher
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Knowledge Project in the early 1980s, which came out of a growing concern about
the role of content in teaching. The initial question for that project was:

‘How does somebody that really knows something, teach it to somebody who doesn’t?’
Simple as you can get. So, […] somebody who really knows evolutionary theory, what do
they do if they have to teach it to somebody that not only that doesn’t know, but if he or she
did, wouldn’t believe it? Thinking like that meant that we had to do these studies subject by
subject and it just happened that at Stanford we prepare teachers, all secondary, in Science,
Math, English and Social Studies and I just happened to have wonderful doctoral students
in each of those areas. (Shulman, quoted in Berry, Loughran, & Van Driel, 2008, p. 1274)

In the Teacher Knowledge Project, about a dozen research projects were con-
ducted across areas as diverse as English, mathematics, history, science, and social
studies. In later years, research on PCK spreads around the globe; however, most
research in PCK since the 1990s has focused on the domains of mathematics and
science. A recent review of the literature on PCK in the context of pre-service edu-
cation (Berry, Depaepe, & Van Driel, 2016) found 66 empirical studies, the large
majority of which were located in mathematics (34) and science (24). The remaining
eight studies were conducted in the domains of physical education (3), language
(2), history (1), geography (1), and drama education (1). The numbers of studies in
elementary and secondary pre-service teacher education were more or less the same.
The review revealed that researchers in mathematics and science education have
developed different conceptual models of PCK and associated methods to study
PCK. More problematic, these researchers typically publish and present in different
journals and conferences, with a focus on either mathematics or science education
and very rarely cross-reference each others’ work.

Research on PCK in science education, until 2000, was mostly done in the USA
and presented at conferences such as National Association for Research on Sci-
ence Teaching (NARST) and Association for the Education of Teachers in Science
(AETS). Some of this research was brought together in a book Examining Pedagogi-
cal Content Knowledge, edited by Gess-Newsome and Lederman (1999), commonly
referred to as “the purple book”. This volume included a section called “The litera-
ture”, with chapters on conceptual models of teacher knowledge, as well as sections
with reports of empirical studies on PCK and their impact on the development of
teacher education programs. The PCK model presented in a chapter by Magnus-
son, Krajcik, and Borko (1999) became very influential (over 1900 cites in Google
Scholar to date) and has informed many PCK studies in science education in the last
20 years (Friedrichsen, Van Driel, & Abell, 2011). In the 2000s, research on PCK in
science education proliferated across the globe with concentrations in a number of
places, in particular Monash University, Australia (Loughran and colleagues); Uni-
versity of Missouri at Columbia (Abell and colleagues); BSCS, Colorado (Carlson
and colleagues); University of Leiden, the Netherlands (Van Driel and colleagues);
University of the Witwatersrand, South Africa (Rollnick and colleagues); UNAM-
Mexico (Garritz and colleagues); and University of Duisburg-Essen, Germany (Fis-
cher and colleagues). These researchers met at conferences, especially NARST and
European Science Education Research Association (ESERA), and jointly organised
symposia. Also, researchers from these groups visited each other’s institutes, lead-
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ing to joint projects and publications. In 2008, a special issue of the International
Journal of Science Education appeared, edited by Berry, Loughran and Van Driel.
This issue contained eight contributions from the aforementioned research groups,
most of which were based on presentations during symposia at ESERA 2005 and
NARST 2006.

The First PCK Summit: Colorado Springs, USA, October
2012

The 1st PCK Summit was an initiative from a group of US scholars led by Gess-
Newsome, Carlson, and Gardner. The main purpose was to bring a group of around
25 PCK researchers together for a number of days to share and discuss their work,
with the aim of forming “a professional learning community to explore the potential
of a consensus model of PCK to guide science education research in this area through
multiple research approaches” and to identify “specific next steps that would move
the field forward” (Carlson, Stokes, Helms, Gess-Newsome,&Gardner, 2015, p. 15).

The organisers decided to invite a combination of senior and junior researchers,
mostly from the groups mentioned in the previous section, rather than individuals. In
addition, a small number of researchers from the domain of mathematics education
were invited. The participants were asked to submit an abstract summarising the PCK
research in their group several months prior to the Summit. These summaries were
published on a website that was specifically created for the Summit. Somewhat later,
each group was asked to write an elaborated version of their summary following a
particular template. To prepare for the Summit, participants were asked to read the
extended summaries of all groups. The website, http://pcksummit.bscs.org/, which
was initially only accessible to participants, has been made public after the Summit
and gives access to the Summit agenda (including papers and presentations), online
study modules, and a discussion forum.

TheSummit beganwith a presentation via Skype fromLeeShulman,who reflected
on the context in which PCK had been introduced and the history of PCK research
and gave his opinion about the relevance of PCK research today. Next, short group
presentations followed from the participants. Rather than talking about their own
(past) research, each group was asked to address a certain theme. The presentations
basically served as a framework for a discussion with all participants about the
theme. These discussions were led by two convenors (Taylor and Settlage), both of
whomwere science education researchers, however, not PCK specialists. During the
second half of the Summit, most time was spent in subgroups of 4–5 participants
who explored certain issues in depth, such as the relevance of PCK research for
policy and practice. Finally, all groups were asked to produce a conceptual model of
PCK. During the final session, these models were compared and discussed, working
towards an outcome, that is, a consensus model of PCK.

http://pcksummit.bscs.org/
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In the following personal narrative, Cooper (one of the authors of this chapter)
shares some of her experiences as one of the early career researchers at the 1st PCK
Summit.

Intermezzo 1: The PCK Journey of an Early Career
Researcher

The 1st PCK Summit presented an exciting and challenging opportunity for me
[Cooper] as an early career researcher. At the time that I was invited, I had just
completed writing up the first draft of my Ph.D. research and submitted it to my
supervisor. Initially, my research was looking to investigate the development of PCK
in science teacher educators, but as the research progressed it became clear to me that
my thinking about PCK did not align with what I was inferring from my collected
data. To me, PCK was about the knowledge that teachers develop over time through
experience related to teaching particular content in particularways to enhance student
learning (Loughran, Berry, &Mulhall, 2012). However, the data I collected from the
participants inmy researchwas not focused on science content butmore on pedagogy
and sharing expertise for teaching using science as a context for this practice. Thus,
I felt that it was more appropriate to infer pedagogical knowledge (PK) from my
data, and so I changed frameworks and worked with Morine-Dershimer and Kent’s
model for pedagogical knowledge (Morine-Dershimer&Kent, 1999). Looking back,
this was the right decision because I was better able to represent the participants’
experiences through the facets of this model and to analyse them in ways that offered
reasonable and justifiable insights in my thesis.

One of the outcomes of the 1st PCK Summit was an agreed-upon definition for
PCK; i.e., “PCK is the knowledge of, reasoning behind, and enactment of the teaching
of particular topics in a particular way with particular students for particular reasons
for enhanced student outcomes” (Carlson et al., 2015). As I was part of the creative
process leading to its development, this definition resonated with my understanding
of PCK and also leant further support to my decision to shift to PK for my thesis. This
experience and understanding gave me the confidence to describe my own research
with clarity and to be sure of how and why it was not PCK that I was studying. In
addition to the agreed-upon definition, a consensus model of teacher professional
knowledge and skill, including PCK (CM) and influences on classroom practice and
student outcomes, was developed. In order to arrive at these shared understandings,
there were many in-depth discussions borne out of group activities and inspired by
presentations by other participants, as outlined in the previous section. To be an active
part of the discussions, I needed to be brave and articulate my thoughts. I needed to
think about how my research aligned with what was being discussed at the Summit
and how it might influence my own thinking and that of other participants. One of the
discussions centred either on what is and what is not PCK, or when knowledge is and
is not PCK. Participating in this discussion challenged me to elaborate on my stance
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for my research and why I was investigating PK and not PCK. Having to participate
this way in the Summit helped me recognise that to be an academic and a part of
the PCK research community, then I needed to contribute my arguments, be willing
to justify my stance and be open to the critique and comments of others. Further,
I was going to need to find productive ways to work with this feedback and turn it
into productive deliberations that would further my thinking and thus my research
agenda.

The 1st PCK Summit not only introduced me to other researchers but also to their
research in amore detailed way.While I had read the work of many great researchers,
several of whom were at the Summit, it was not until I met them and had time to
explore and discuss their research that I realisedwhat it trulymeant to be an academic
pursuing a research agenda. The researchers that I met were very willing to share
their expertise and to share the evolution of their work and the progress of their
thinking around PCK, which I found so helpful and inspirational. It left me thinking
how could I work on my research, shaping it so that it continues my agenda but
also becomes a significant contribution to the PCK research community? It made me
realise that becoming an academic involves becoming a part of the bigger picture and
thus a member of a research community that you contribute to through networking,
reviewing, researching, and collaborating. To contribute in all these forums, I needed
to be clear aboutwhatmy research goalswere and how they formed part of that bigger
picture of PCK research.

After the First PCK Summit

It has been the experience of the authors of this chapter that maintaining the momen-
tum when everyone returns home after a research meeting like the PCK Summit is
vital. It is easy to leave after such an experience and become immersed in work at
home. Technology can help as outlined earlier, but there is value in continuing to
meet. The participants of the 1st Summit regularly arranged to meet while attending
the major international science education conferences. These meetings were often
held in the afternoon and followed with dinner where a participant would chair dis-
cussion, following a brief agenda, to continue the focused conversation. Often, rapid
progress was made and participants left with a clear understanding of what needed to
be followed up on or done, by when, and how to keep track of the shifts in thinking
and discussion in order to continue to move forward.

Sometime after the 1st Summit, the participants agreed to produce a book,
titled, Re-examining Pedagogical Content Knowledge in Science Education (Berry,
Friedrichsen, & Loughran, 2015), but affectionately known as “the blue book”. As
part of the Summit workshops, participants sorted themselves into small groups that
focused on topics that had been raised during the Summit (such as assessment of
PCK, or the role of PCK research in policy initiatives). The chapters in Part III of
the “blue book”, called Emerging themes, were written by teams comprising two
to five co-authors from different institutes, emerging from the small groups formed
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at the Summit. Teams often used Skype to stay in touch with each other to discuss
their writing and to continue conversations and progress their thinking. Somewriting
teams also used email exchanges to continue the writing process. Others employed
Google Docs, which enabled them to write collaboratively and save time by not
having to maintain versions of documents and wait for email replies.

As follow up, presenting as groups at conferences (NARST 2013, ESERA 2013)
assisted in maintaining the momentum and helped us, the Summit participants, to
articulate our thinking so that it could be sharedwith the broader educational research
community. Further, it meant that we could incorporate the feedback provided by
those who attended our conference presentations into our future work. In fact, this
chapter was inspired by feedback we, the authors of this chapter, received at a con-
ference presentation.

The discussions during these conferences ultimately led us to question whether
another Summit was needed, and if so, why, and for what purpose? How would it
build on what had already been done so we wouldn’t keep doing the same thing?

The Second PCK Summit: Leiden, the Netherlands,
December 2016

Preparing for the Second (2nd) PCK Summit

Preparations for the 2nd Summit were made by a team consisting of Van Driel,
Berry, Kirschner, Borowski, and Carlson (who had been one of the organisers of the
first summit). After much discussion, it was agreed that the focus for the 2nd Summit
should be on sharing data and instruments. The idea was to build an understanding
of each other’s research and to consider how scholars infer PCK from their data. In
addition, the organising groupmade it a priority to bring in new Summit participants,
both senior and beginning, in an effort to broaden the thinking of the group and to
continue sharing the experience of the PCK Summit with more members of the PCK
research community. In total, 25 participants were invited to this Summit.

The Second (2nd) PCK Summit

The 2nd PCK Summit was designed to provide international researchers working on
PCK in general science, biology, chemistry, and physics education the opportunity to
share (1) how their data from PCK studies were collected, (2) the different kinds of
instruments used to collect these data, and (3) the procedures used to infer PCK from
these data. The aims of this Summit were to: develop a shared set of criteria to iden-
tify PCK for each kind of instrument through collectively analysing data that were
obtained with the respective instrument; make accessible and comprehensible these
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instruments to the wider PCK research community; and reach consensus on a model
of PCK that is strongly connected with empirical data of varying nature and can be
used as a framework for the design of future PCK studies. The Summit consisted of
sessions where participants worked in small groups with a focused task, alternated
with whole-group sessions. The focused tasks were determined by the two facilita-
tors of the Summit (Loughran and Cooper), in consultation with the Summit organ-
isers. The tasks included interrogating data sets from participants’ research projects,
comparing and contrasting data collected using similar instruments, and analysing
processes for inferring PCK for multiple data sets. These tasks were strongly driven
by the discussions and outcomes of previous sessions to ensure that progress was
made over the course of the Summit. The whole-group sessions were moderated
by the two facilitators during the first half of the Summit; however, these sessions
evolved and followed a more open format during the second half of the Summit. The
whole-group sessions were an opportunity to discuss what had happened in the small
groups sessions and focused more on the outcomes of these sessions. The Summit
concluded with a model-building session that included all participants. One of the
small groups was focused on working towards building the consensus model, and
the whole group was given the opportunity later to continue their work. The whole-
group model-building session was powerful in that it provided an opportunity for
collective thought on a model to unify PCK research in science education and offer
the beginning of a shared language for portraying PCK.

Immediately after the model-building session, a post-Summit meeting took place.
A group of around 20 local researchers, most of who were doing a Ph.D. with a focus
on PCK in science education or other disciplines, met with the Summit participants.
In mixed groups of six to eight people, the local researchers presented their studies
and received feedback from the Summit participants. This feedback led to lively
discussions in all groups, and at the end of the session, there was a consensus that the
presentations had been a great opportunity for both parties to share ideas and learn
about each other’s research.

In the following personal narrative, the other author of this chapter [Van Driel]
shares some of his PCK research journey, including the influence of the PCK Sum-
mits.

Intermezzo 2: The PCK Journey of a Senior Researcher

In my first year as a chemistry teacher, I (Van Driel) was very lucky to be super-
vised by a senior colleague who generously shared his expertise on the teaching and
learning of chemistry. He was able to explain in much detail how students would
respond to certain teaching approaches and the conceptual struggles that students
often would experience. This mentoring took place in the mid-1980s, and when I
read Shulman’s seminal PCK papers years later, I immediately recognised the expert
knowledge my colleague had developed as PCK. That is, knowledge about student
learning of particular subject matter and knowledge of specific teaching strategies
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that potentially help students to develop their knowledge and skills about this sub-
ject matter. In my Ph.D. (1985–1990), I was mostly focused on developing students’
conceptual understanding of chemistry topics through specific lessonmaterials; how-
ever, I became increasingly interested in the different ways teachers implemented
these materials in their practice. PCK provided a powerful framework to analyse the
practical knowledge that teachers drew upon for this implementation. This interest
resulted in a publication that helped to establish my reputation as a PCK researcher
(Van Driel, Verloop, & De Vos, 1998).

In the next decade, I was involved in several PCK projects, collaborating with
colleagues, Ph.D. students, and post-docs. During this period, I experienced the
importance and benefits of communicating with international colleagues through a
variety of modes. In particular, conference presentations (followed by direct inter-
actions with colleagues) and publications, often with the same colleagues (followed
by reactions and questions via email), have been extremely important to get feed-
back and inspiration for future research. Although some of these interactions led to
ongoing collaborations (and personal friendships), in most cases, interactions were
brief and limited in terms of depth. Mostly, these were fleeting interactions due to
limitations of email and the length and frequency of conferences. I was therefore
very happy when Julie Gess-Newsome introduced the idea of a PCK Summit to
me. Participating in the 2012 Summit in Colorado was an incredible experience: the
opportunity to talk and think for 5 days with a group of very committed and open
colleagues about basically “everything you always wanted to know about PCK” will
stay with me as a career highlight.

It was only natural for me to stay involved in the following developments (pre-
senting at conferences and contributing to the “blue book”), and as soon as the idea
of a 2nd Summit was proposed, I was keen to be involved in its organisation. Having
direct access to the facility in Leiden (the Lorentz Center; http://www.lorentzcenter.
nl/) made it logical for me to take the lead in the logistics of this Summit. After
roughly a year of preparation (together with Kirschner, Borowski, Berry and Carl-
son), it was wonderful to see the actual meeting happen. Although organisational
issues had to be attended to, I was able to concentrate on the discussions with the
whole group and in the smaller working groups. I feel strongly that wemade progress
during this Summit, compared to the first one. In my view, elements that contributed
to the success were (1) most of the participants knew each other’s research quite well,
and for some time, whereas (2) new participants brought new perspectives, and (3)
the facilitators did a wonderful job, sensing very well where discussions were going
and deciding, often on the spot, how progress could best be fostered. In addition, the
physical layout of the facility and the support of its staff helped to keep everyone
focused and distractions to a minimum.

http://www.lorentzcenter.nl/
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After the Second (2nd) PCK Summit

Moving with the Momentum

The focus of the ongoing discussions for the participants post the 2nd PCK Summit
concentrated on a revised consensus model of PCK, to be published in this book!
As mentioned earlier, the final whole-group session at the 2nd PCK Summit was
a model-building session. While the participants reached a somewhat final point, it
was decided that it would be helpful to have a graphic designer to turn our rough
sketches into a more coherent visual representation. Two participants (Carlson and
Daehler) graciously took responsibility for this task. The visual representation, along
with a comprehensive explanation, was shared with all participants of the 2nd PCK
Summit using Google Docs, which allowed for the conversation around the model
development to continue. In addition to electronic communication, an ad hocmeeting
took place during NARST 2017 to discuss the revisions of the model and its visual
representation. Fourteen participants of the 2nd Summit were present during this
meeting. This ongoing development also fostered the preparation ofmore conference
presentations (ESERA 2017, ASERA 2017, NARST 2018).

Sharing the Outcomes

Sharing the outcomes of the PCK Summit in relation to the progressing of PCK
research is really important, and the time immediately post to the 2nd Summit was
focused on opening up the revised consensus model for discussion. This discussion
opportunitywas also about sharing the data collection tools and processes for analysis
and inferring PCK. In addition to sharing the research-focused outcomes, it became
apparent that we had a broader story to tell that focused on the process of the Summit
and the development of the research community. The existence of this story became
evident at the end of a conference presentation (ASERA 2017) where the questions
asked by the audience were delving further into the processes behind the planning
and happenings at the Summits.

Impact and Next Steps

Sharing with the Broader PCK Research Community

Participation in bothPCKSummitswasby invitationonly.Thus,while initially access
to the discussions and offering of the summits was only provided to a small number
of participants, these invited participants have a responsibility to provide access for
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the broader PCK research community. It has always been a priority of the organisers
and the participants at large to share the outcomes and as much of the discussions
from the Summit as possible. The 1st Summit managed this dissemination of ideas
effectively through the creation and maintenance of a publicly available website,
as mentioned earlier, but the website does not provide an indication of how what
happened at the conference has influenced further research. Thus, it is a priority
of Summit participants to present regularly at a variety of conferences to ensure
that the Summit ideas are shared with and questioned by the broader PCK research
community. Taking these ideas and questions further, there also are publications
(i.e. the “blue book” and this current volume and an upcoming special issue of
the International Journal of Science Education) that may not specifically address
the proceedings during the Summits but do offer readers some insights into how the
Summit has re-directed, influenced, or forwarded continuingPCKresearch. Speaking
to the broader PCK research community has ensured that ideas have been articulated
beyond that of the participants in attendance so that these ideas are shared, opened
for discussion, and explored by more than those who were present. It has meant that
other PCK researchers have had the opportunity to take the ideas and issues raised
at the Summits and apply them to their own work, should they wish to do so, to
progress their PCK research.

New Connections for Research and Writing

The Summits have been influential in generating new ideas to progress both individ-
ual and community research. It has provided the opportunity for robust discussion
around individual researcher’s plans and assisted them to further their research in
more ambitious yet coherent ways. This expansion of their ambition is possible
because their research has been more thoroughly critiqued before it even started,
simply because they have been able to hear from other researchers at the Summits.
There has been more cohesion to the research, in that the resulting research is better
aligned in terms of the theory and models used. These alignments are important in
building a genuine research community that can have conversations based on shared
understanding of the foundations of their research to strengthen both individual and
community research agendas and to forge new understandings.

Sharing the Evolution of PCK Research

The Summits have made it a priority to bring new researchers into the science PCK
community to work alongsidemore experienced researchers and offer them network-
ing and mentoring opportunities. The Summits have helped new researchers to better
appreciate the genealogy of the PCK research field and become acclimatised to the
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PCK research environment. These new researchers can therefore progress the field
in science education with a genuine pursuit of new knowledge because they are well
attuned to where progress is needed and why.

Sustaining a PCK Research Community

Further benefits include the significance of the processes involved in planning and
carrying out the Summits. These processes are valuable in relation to the sustain-
ability and cohesion of a research community so that there is consistency around
the quality, validity, and reliability of research in the field. Keeping the number of
participants at the Summit small is part of what made the Summits work so well,
so it is never going to be a big event. However, the processes and understandings
should be shared widely, as outlined previously, with all those in the PCK research
community and beyond.

This chapter opens discussion around the processes underpinning the planning
and implementing of PCK Summits and the communication prior, between, and
after these Summits, in relation to the contribution the processes and ideas around
continual communication between participants can make to the wider PCK research
community. This contribution offers not only greater cohesion, but clarity around
future thinking related to research in the PCK field. This approach may serve as a
model or example for research in other fields/domains, especially when researchers
are using a variety of models and methods to explore the same territory.

As part of their aims, both Summits included experienced and early career PCK
researchers as participants, offering an opportunity for early career PCK researchers
to be introduced to more experienced members of the PCK research community.
As an international research community, the PCK research community in science
education is forward thinking about the future of research in this area and assisting
early career researchers to better plan and appreciate the trajectory of research in this
field.Now, the sciencePCKresearch community needs to think about how to continue
this conversationwith Summit participants and the broader research community. This
ongoing conversation will help to decide whether a third PCK Summit, in a couple
of years from now, is necessary or useful to further research in the field and sustain
the PCK research community.
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Postscript: Considerations from an External
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Introduction

On many levels, this book is a unique systematic analysis of pedagogical content
knowledge (PCK) concepts in science education. Both, the comprehensive review
of recent literature on PCK research and especially the Refined Consensus Model
(RCM) of PCK in science and its use with regard to different fields of research, show
multiple perspectives on this complex concept in science education. Most of the
chapters are used for referring the RCM to research projects that have been planned
and executed without the RCM in order to show how fruitful and relevant the new
model could be for concrete research projects. The book also offers perspectives on
the future of PCK research. In addition to the retrospective linking of recent studies
to the RCM that are presented in Part II, this postscript chapter is intended to give
a personal view on the whole concept and on some selected aspects that seem to be
especially important for understanding the ongoing debate on the nature of PCK.

In the first section, we highlight themost relevant aspects of each chapter that refer
to the RCM and which can be used for capturing the nature of PCK. In the second
section, we value the RCM from an external perspective, emphasise the potential of
the RCM for prospective research, and make suggestions for its further development
within the next years.
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Highlights

Chapter 1

The first chapter closes a gap in the literature by identifying methodologies used
in empirical studies on science teachers’ PCK. Besides the aims and statistical data
of studies, the systematic review provides an overview of different conceptualisa-
tions and approaches to determine PCK. A substantive outcome of this review is
a theory-driven system for categorising studies on PCK. The presented model of
“different approaches for determining science teachers’ PCK and their relationship
with different forms of PCK” (Chan & Hume, 2019, Fig. 1.1) takes relevant aspects
of the RCM like knowledge, skills, and reasoning into account. On this basis, the
reviewed studies were organised into five major strands, including investigating the
nature of science teachers’ PCK, the development of teachers’ PCK, the relation-
ship between PCK and other variables, changes in teachers’ PCK, and reporting the
development and validation of a PCK test instrument. The review also reveals a lack
of studies on the development of PCK over more than three years. One prominent
question that has not been investigated broadly so far is whether a single PCK profile
changes over different phases of a teaching cycle (i.e., lesson planning, enactment,
and reflection) or not. Several points of accordance and divergence in thinking and
wording around the PCK concepts in usage (including the Consensus Model (CM))
have been foundwithin thePCKresearch community in thefield of science education.

Conclusion: Chapter 1 gives a comprehensive, critical, and outstanding systematic
review of 99 articles dealing with PCK in different ways. For anybody who wants to
get a concise historical overview and a notion of research in the field of PCK, it is a
must to read this chapter.

Chapter 2

The second book chapter gives insights both into the consensus model CM of teacher
professional knowledge and skills including PCK developed in the context of the
First (1st) PCK summit and into the process of refinement of the extant model that
lead to the Refined Consensus Model (RCM) of PCK in science in the Second
(2nd) PCK summit. Origins and backgrounds of the model development process
are shown. Based on the researchers’ experiences with working with the CM from
2012, advantages and limitations of that model are pointed out and communicated
honestly. As a consequence, the key limitation of minimal information on PCK in
the model itself has been removed (Carlson, Daehler, Alonzo, Barendsen, Berry,
Borowski, & Wilson 2019). Therefore, the focus of PCK as a part of teachers’
professional knowledge and skills in theCMfrom the 1st Summit has been changed to
PCK itself. The 2016 Summit’s debate on the nature of PCK revealed collective PCK
(cPCK), personal PCK (pPCK), and enacted PCK (ePCK) as three distinct realms
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of PCK (Carlson, Cooper, Daehler, Friedrichsen, Heller, Kirschner, …Wong, 2019).
The combination of knowledge and skills as an aspect of PCK is taken into account,
both by the new model being centred on the practice of teaching and the new realm
of ePCK. Further details of the RCM, its components, and their interactions are
described in Chap. 2 as well and be discussed later in this chapter.

Conclusion: Chapter 2 allows for understanding the development of the RCM of
PCK during the course of the second summit and the reasons for changes in thought
compared to the 1st Summit. It gives deep insight into the thinking of the world’s
leading researchers on the nature of PCK for science teaching.

Chapter 3

Chapter 3 aims at combining theory in terms of the RCM and practice as revealed
in a selection of research and education projects in science. Five short vignettes are
presented to show how the RCM can be used for the purpose of teacher education
and research and this post hoc perspective give hints at the applicability of the model
in practice. One key result of this chapter is that the RCM offers diverse possibilities
to connect it with empirical projects (Carlson, Daehler, et al., 2019). For example, it
can bring together different ideas of personal development in a pre-service science
teacher education programme and how cPCK, pPCK, and ePCK can be fostered in a
biology methods course. Or the visual representation of the RCM could be used for
orientation and for situating the range of activities occurring during a professional
learning experience, maybe similar to an advance organiser. Taking two examples of
existing instruments (paper-and-pencil tests and interviews) for measuring physics/
science teachers’ PCK, the vignettes also show that the RCM can be applied to test
instruments, which have been developed independently from the RCM. The model
could show which realms a test instrument can cover and which aspects cannot be
addressed. Additionally, the RCM can link to existing and established tools like
CoRes and PaP-sRs (Loughran, Berry, & Mulhall, 2006).

Conclusion: An important result of presenting five different vignettes is the range
of personal views of researchers on the integration of the RCM into their own projects
and on the implications of the RCM for future work. The model seems to be versatile
and complex enough to meet the theoretical and practical needs of researchers and
teacher educators.

Chapter 4

In Chap. 4, Soonhye Park describes how the pentagon model of PCK and the indis-
pensable and idiosyncratic PCK model from the science education research field are
situated within the RCM. On the one hand, congruency between different models is
pointed out: For example, the enactment dimension of PCK in the pentagon model
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corresponds to ePCK and the understanding dimension of PCK meets the criteria of
pPCK. On the other hand, differences between the two models are stated in terms
of the relationship between ePCK and pPCK and between the understanding dimen-
sion and the enactment dimension (Park, 2019). Implications for research designs
are given.

One outstanding result of Chap. 4 is a critical view on the usability of the RCM
for measuring pPCK and ePCK. The authors question how ePCK can be measured
when it is given that ePCK is an expression of pPCK? (Park, 2019). Additionally,
the knowledge exchange between pPCK and ePCK in the RCM and the meaning of
cPCK should be reconsidered.

Conclusion: While the chapter provides comparative insights into recent existing
models on PCK, it also offers methodological approaches for how tomeasure RCM’s
PCK empirically through connected realms like ePCK, pPCK, and cPCK.

Chapter 5

Chapter 5 links the concept of topic-specific PCK (Davidowitz & Potgieter, 2016) to
the RCM. Topic-specific PCK is seen as a “grain size in the continuum of PCK found
within the three realms of PCK, namely ePCK, pPCK, and ePCK”, and is based on
content specific components like curricular saliency, learner prior knowledge, and
representations (Mavhunga, 2019). The notion of topic-specific characteristics can
be located at different aspects of the RCM and confirmed the usability of the RCM
for research projects. On the basis of an intervention study, the development of pre-
service teachers’ pPCK and ePCK in chemistry is shown. The intervention refers
to cPCK with a topic-specific focus on electrochemistry that helps student teachers
enhance their pPCK in this topic. It was assessed by a paper-and-pencil test. A
subsequent case study proves the development of ePCK in planning a lesson when
using components of PCK at the topic level.

Conclusion: This chapter shows comprehensibly how the existing concept of a
topic-specific characteristic of PCK is considered in the RCM.

Chapter 6

The sixth chapter provides a view on RCM through the lens of competence and
focuses in the subject of physics on a broader knowledge base that informs both
cPCK and pPCK/ePCK indirectly (Sorge, Stender, & Neumann, 2019). Two studies
are presented to examine the exchange between the knowledge base CK and cPCK
and the influence of cPCK on the development of pPCK and ePCK.While cPCKwas
more strongly related to PK in the beginning of university education, cPCKwasmore
strongly related to CK for advanced pre-service physics teachers. The second study
reveals an exchange between teachers’ cPCK and pPCK/ePCK, moderated largely
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by teaching experience and by motivational aspects and self-regulatory skills, but
not by beliefs.

Conclusion: The findings confirm the RCM and its postulated relationship
between cPCK and a broader professional knowledge base (CK, PK). Addition-
ally, the stated relationship between cPCK and pPCK/ePCK in the RCM is shown
and the RCM can be used for anchoring processes of development in terms of science
teachers’ PCK.

Chapter 7

This chapter links the RCM and the learning study approach. Planning, teaching,
and reflecting as a part of ePCK include anticipating students’ ideas and analysing
learning, which is typical of pedagogical reasoning within a learning study cycle
(Schneider, 2019). Importantly, the learning study approach is used to illustrate
teachers’ ideas and thinking and to promote realms of the RCM at the same time.
While cPCK can be a knowledge base for designing educative tasks for teachers, the
learning study process itself informs pPCK development. Enacted PCK is shown,
and influenced, by a learning study in terms of planning, teaching, and reflecting.
Perhaps the most significant aspect of the learning study approach is its potential to
map “the PCK construct and teachers’ learning trajectories” (Schneider, 2019).

Conclusion: The RCM, especially the cPCK and ePCK realms, can be applied to
learning studies that can be used as tools to foster teachers’ development in PCK.

Chapter 8

Chapter 8 discusses how the PCK map approach of Park and Chen (2012) in science
education can be situated in the context of the RCM (Park & Suh, 2019). The PCK
map approach makes connections between different components of PCK visible
when referring to the pentagonmodel of PCK (Park&Chen, 2012). Basic steps of the
PCKmapapproach—in-depth analysis, e.g. via interviews, the enumerative approach
referring to the number of connections, and the constant comparative method to find
common aspects in different data sources—are applied to the RCM.

An outstanding aspect of the PCK map approach is its ability to reveal “coherent
and synergistic interactions among the PCK components” (Park & Suh, 2019). This
chapter shows how different PCK components can be integrated, for example, into
ePCK of the RCM. The PCK map approach can be used to explicate a process
of pedagogical reasoning that can foster knowledge exchange between pPCK and
ePCK.

Conclusion: Using a previous study, Chap. 8 shows that the RCM can be supple-
mented by the PCK map approach by making the abstract and complex structure of
the PCK more visible. On the other hand, the RCM influences and informs the PCK
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map approach so that in the future it takes into account contextual factors associated
with a teacher’s PCK.

Chapter 9

This chapter illustrates how a study on student science teachers’ development of
pPCK can be situated in the RCM. The process of planning, enacting, and reflecting
on pedagogical constructions is used to monitor and analyse the pPCK development,
while connections to three other theoretical models, that is, the Magnusson et al.
Model (Magnusson, Krajcik, & Borko, 1999), the model of professional growth
(Clarke &Hollingsworth, 2002) and a model of emotion and personal factors (Hong,
2010), that may influence the development of pPCK, are made. Moreover, the notion
of ePCK “as a dynamic construct defined by the part of pPCK that is ‘active’ at a
certain moment during teaching practice” (Henze & Barendsen, 2019) is explicitly
suggested and expresses the connection between these two PCK realms of the RCM.
One interesting differentiation the authors make is that long-term decision-making
(e.g. decisions made in the process of planning) is based on pPCK, while short-term
decision-making (e.g. in the process of instruction) involves ePCK.

Conclusion: Chap. 9 added theoretical value by connecting the RCM, especially
the pPCKrealm, to three alternative theoreticalmodels and showsways of scaffolding
the development of student teachers’ pPCK.

Chapter 10

This chapter elucidates how content representations (CoRes, Loughran et al., 2006)
can explore pPCK and ePCK and especially how CoRes can be used to develop these
two realms of PCK in a collaborative CoRe design workshop (Carpendale & Hume,
2019; Hume & Berry, 2011). The CoRe documents can be seen as a representation
of cPCK, when it has been developed as a collaborative process and can form a basis
to develop individual teachers’ pPCK. Learning context as a factor influencing the
knowledge exchange between different knowledge bases, including cPCK, pPCK,
and ePCK, has been identified. That is particularly important “as knowledge that
was shared within the cPCK realm was transferred into and enhanced the pPCK and
ePCK of an individual teacher” (Carpendale & Hume, 2019). Additionally, a rubric
system and several indicators for analysing ePCK (e.g. use of strategies that allow
for metacognition) are presented.

Conclusion: The particular value of Chap. 10 is its account of a very recently
completed study into science teachers’ PCK development that was informed by the
RCM. The research demonstrates links between the established qualitative research
approach of CoRes and the RCM and how CoRes can be used as a tool to promote
the RCM’s realms of pPCK and ePCK.
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Chapter 11

Chapter 11 provides a grand PCK rubric for differentiating the quality of science
teachers’ PCK. Its generic nature allows measurement of different realms of PCK
referred to in the RCM, and it should be “valid, ubiquitously accepted, and support
clear and unambiguous communication across researchers” (Chan, Rollnick,&Gess-
Newsome, 2019). The authors ofChap. 11make it clear that they have proceeded very
systematically and with the involvement of many researchers in the field of science
PCK. The result is a grand rubric that can be adopted for different quantitative and
qualitative studies on science PCK. Suggestions for methodological approaches like
interviews and lesson observations to explore five PCK components are combined
with the RCM realms of cPCK, pPCK, and ePCK. Additionally, considerations on
the static and dynamic character of different PCK realms are presented, where cPCK,
pPCK, and ePCK in the planning and reflection phases encompass a more static form
of PCK, while ePCK in the interactive phase of teaching corresponds to dynamic
PCK.

Conclusion: The outstanding outcome of Chap. 11 is a template for a PCK rubric
that can facilitate aggregation, communication, and comparison of data fromdifferent
PCK studies in science education. The rubric complements the RCM from both a
theoretical and a methodological perspective.

Chapter 12

The focus of Chap. 12 is on science teachers’ ePCK and its relationship to pPCK.
Via the process of pedagogical reasoning, a “transformation from pPCK to ePCK”
and vice versa is achieved (Alonzo, Berry, & Nilsson, 2019). The aspect of explicit
versus tacit knowledge is directly addressed. While ePCK can be transformed into
pPCK as articulable knowledge (e.g., when explicitly reflecting on a lesson), the
transformation of ePCK into a tacit form of pPCK is proposed as well. Furthermore,
macro- andmicro-perspectives on plan–teach–reflect cycles are introduced for distin-
guishing lesson level and the level of instructional moves as parts of a lesson. The
significant role of teaching experience in ePCK and the development process of and
interactions between pPCKand different ePCK stages are elucidated. Suggestions for
capturing pPCK and especially ePCK via CoRes and pedagogical and professional-
experience repertoires (PaP-eRs, Loughran, Milroy, Berry, Gunstone, & Mulhall,
2001) are made.

Conclusion: This chapter gives additional theoretical and empirical value to the
RCMby its concrete conceptualisation of ePCK and the process of its transformation
into pPCK and vice versa.
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Chapter 13

Themerit of Chap. 13 lies in its systematic overview of possible research priorities in
science education and potentially other domains that can be situated in the RCM. The
chapter proposes “A Framework for Future PCK Research” and describes “possible
studies on the structure of PCK, the development of PCK, the measurement of PCK,
and the broader impacts of the refined model itself” (Wilson, Borowski, & van Driel,
2019). Potential research on the structure of PCK comprises exploring the relation-
ships between components like cPCK, pPCK, and ePCK and how these components
correlate with student learning. The development of PCK as part of professional
development processes can be examined via intervention and longitudinal studies
including multiple variables like pPCK, cPCK, ePCK, CK, and student outcomes.
These studies can or should include statisticalmethods to investigate contexts of PCK
via mediation and moderation effects. In order to examine the impact of the RCM,
researchers can, for example, focus on “the extent to which it becomes pervasive
in studies of PCK, or in practice and policy” (Wilson et al., 2019). Research on the
measurement of PCK is strongly connected to all of the above-mentioned aspects,
while it can be a research goal in itself.

Conclusion: Within the suggested framework for future PCK research, four
conceivable directions are presented and suggestions for research questions that
could guide PCK research during the next years are given.

Chapter 14

The last chapter of this book provides a concise historical overview of the devel-
opment of research on PCK in science education. The focus is on communication
between scholars about this concept where different ways of communication like
presentations at conferences, articles, books, and, primarily, the PCK summits are
presented with meaningful examples. The significance of a debate on the nature of
PCK in science and on PCK research is explained both from a general (“collective”)
and a personal perspective via literature review and personal reflective narratives of
the authors. It may be by chance that the chosen format corresponds to aspects of
cPCK, pPCK, and ePCK. The significance of research to the authors, their personal
enthusiasm for research, and their great appreciation of communication and cooper-
ation with colleagues become very clear. The two PCK summits provided the means
for meeting these aims and the outcomes provide an excellent theoretical basis that
future research can refer to.

Conclusion: Chapter 14 elucidates the importance and the process of devel-
oping the construct of PCK in science and PCK research in science education as
a community.
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External Perspectives on the Refined Consensus Model

In addition to the previous book chapters, the authors of this chapter take up aspects of
the RCM, which seem to them to be particularly important. These are supplemented
by their own views.

When considering the RCM, it might be meaningful to refer to the historical
debate on the nature of PCK. For example, this debate was summarised by Julie
Gess-Newsome almost 20 years ago, as an introduction to a special volume with
N.G. Ledermann on examining PCK (Gess-Newsome, 1999). It is noticeable that
the questions she asked on a model of PCK in 1999 are still valid in 2018 and a good
reason for developing the CM and the RCM: “Is PCK with its related domains a
more precise model, explaining better the teacher cognition data than other models?
Or, could the knowledge divisions as offered in PCK be overly refined? Could three
integrated categories of teacher knowledge—subject matter, pedagogy and context
- offer a more precise and powerful organization?” (Gess-Newsome, 1999, p. 10).
These three questions give hints of the complex nature of PCK, while the RCM
could be seen as a consequence of a debate that was started many years ago. Today,
different forms of PCK (cPCK, pPCK, ePCK) are stated, and in addition to content
knowledge, pedagogical knowledge, and curricular knowledge, further knowledge
categories like assessment knowledge and knowledge of students have been taken
up.

Historically, both transformative and integrative views of the nature of PCK have
sought recognition. Aspects of the transformative nature of PCK are included in the
RCM as well as in the CM. A knowledge base (shown in outer circles) transformed
into different forms of PCK is one prominent characteristic of RCM (Magnusson
et al., 1999). By placing the act of teaching (ePCK) in the centre of the RCM, the
notion of an integrative model of PCK is also taken into account: “Knowledge of
subject matter, pedagogy, and context [are] developed separately and integrated in
the act of teaching” (Gess-Newsome, 1999, p. 13). So the RCM takes into account
the character of PCK and different (historical) theoretical frameworks.

It is remarkable that the RCM obviously provides multiple ways of interpretation.
The statement that RCM“…does not specify themechanisms and pathways bywhich
science teachers strengthen their PCK, change their teaching, or connect various
knowledge bases” (Carlson, Daehler, et al., 2019) is based on a focus on the nature
of PCK, including static and dynamic aspects. At the same time, the “…model
also offers a way to think about how to support teacher development over a career
trajectory from pre-service to expert leadership…” (Carlson, Daehler, et al., 2019).
This premise is perceived by Park as “… shifted focus from what PCK is towards
how PCK develops”. (Park, 2019).

The comparison of the two consensus models reveals other interesting aspects:
“Whereas the former consensus model aimed to drive agreement in defining PCK,
the refined consensus model intends to help researchers identify areas to study for
advancing PCK research through situating their studieswithin the context of teaching
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practices (Carlson, Daehler, et al., 2019)” (Park, 2019). The RCM is no longer just
the subject of research and debate, but a medium to foster research on PCK.

The authors of this postscript chapter are happy about reconsidering theCMdevel-
oped in the context of the 1st Summit as they had similar difficulties to those Carlson,
Daehler, et al. (2019) mentioned in Chap. 2: “While the 2012 Consensus Model
differentiated between topic-specific professional knowledge (TSPK) and personal
PCK&S, the distinction in terms of PCK was not sufficiently clear and researchers
struggled with the specifics, such as where to put knowledge about instructional
strategies.Was that PK or TSPK or personal PCK&S?When and under which condi-
tions?” (Carlson, Daehler, et al., 2019). Additionally, Carlson, Daehler, et al. (2019)
struggled with the role of personal PCK and PCK&S in the older model. The close-
ness to the term “competence” is obvious, but one could question whether both PCK
terms were aiming primarily at the context of knowledge or at competency and use
of knowledge? The distinction between pPCK and ePCK seems to be a fruitful way
for orientating future research.

The main progress of the RCM in comparison to the CM is the focus on science
teachers’ practice of teaching based on knowledge referring to the processes of plan-
ning, teaching, and reflecting. The ePCK at the centre of the newmodel is surrounded
by (and influenced by?) other categories like pPCK, learning context, cPCK, and a
non-PCK knowledge base. By extending the understanding of PCK to include the
knowledge and actions of teachers, an ongoing debate about the nature of PCK and
possible deficits in its conception is addressed (Settlage, 2013).With the introduction
of ePCK, the RCM takes into account both a general cognitive (knowledge) perspec-
tive and a situational teaching perspective (Depaepe, Verschaffel, & Kelchtermans,
2013) as: “a key feature of ePCK is the way a science teachers’ actions draw on
their knowledge to meet the unique needs of students in the classroom during a
given instructional period”. (Carlson, Daehler, et al., 2019). Additionally, the RCM
attaches greater importance to the “…learning context as an amplifier and a filter of
teacher PCK, as well as, a mediator for teacher actions” (Park, 2019), compared to
the original CM.

The category ePCKwidens the focus on knowledge as a basis for science teachers’
action to knowledge in action and so to teachers’ competence. Referring to Baumert
and Kunter (2013), knowledge could be seen as a part of competency distinct to
beliefs, motivational orientations, and self-regulation.Whereas the term competency
is not uniformly defined, it can be reasonable to introduce the new knowledge cate-
gory ePCK to explore knowledge apart from beliefs, motivational orientations, and
self-regulation.

Furthermore, the RCM and CM are similar in that the cPCK realm is influenced
by the broader teacher professional knowledge bases, i.e., content knowledge, peda-
gogical knowledge, knowledge of the students, curricular knowledge, and assess-
ment knowledge.. Especially for science teacher educators, it seems reasonable to
consider that they have to widen their university perspective of assessment of univer-
sity students to a perspective that is applicable in schools and teachable at university.
One could ask if assessment knowledge is a knowledge category that influences PCK
or if it even is a part of cPCK. This question can be asked for other categories like
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knowledge of students and curricular knowledge as well. Both consensus models
allow for proving hypothesised relations between postulated categories.

Putting pedagogical reasoning in the very centre of the model symbolises its
great importance in teaching. The combination of reflection, planning, and teaching
(ePCK) is a basis for reasoning and decision-making that are core activities of
teachers. Science teachers, who are able to give explicit reason for their doing, are
supposed to be more successful than teachers who hold implicit knowledge only.
In order to test this supposition, research using group comparisons on the impact
of implicit and explicit knowledge is needed. Constructs like understanding and
knowledge need an observable and measurable action. Reasoning on the teacher
(and on student) level is a significant indicator for understanding and knowledge.
The (initially unspecified) wording “pedagogical reasoning” in the centre of the
model is remarkable, as it suggests that it is a key component of subject-specific
PCK. Perhaps a revised model might consider including the term “subject-specific
pedagogical reasoning” in order to prevent misunderstandings at first glance.

The importance of knowledge-based reasoning becomes very clear in the RCM.
One could ask, however, if there are other important applications of knowledge
components of PCK like perception, interpretation, and decision-making in class-
room situations (Blömeke, Gustafsson, & Shavelson, 2015)? The approach “mod-
elling competence as a continuum” describes the effect of cognitive and affec-
tive motivation (cPCK/pPCK) on the processes of perception, interpretation, and
decision-making (ePCK) that lead to observable actions (ePCK) (Blömeke et al.,
2015). Since the model of Blömeke et al. (2015) is generally formulated, the RCM
in science can be linked to this model in mathematics. While the RCM allows for
investigation of many possible impact categories that probably influence teaching
and learning, no direct chain of action is postulated in the RCM as it is in the model
“competence as a continuum” (Blömeke et al., 2015).

At a first glance, one could argue that ePCK is less a knowledge category and
more a description of competency, as Baumert and Kunter suggest in their model
of professional competence of mathematics teachers (Baumert & Kunter, 2013). As
a consequence, the RCM of PCK in science education could be said to focus not
only on knowledge, but also on competency that includes knowledge. The notion
that the RCM includes aspects of competence is made explicit by Sorge et al. (2019)
in Chap. 6. Knowledge like PCK can be seen as a precondition for a competence
visible in ePCK as planning, teaching, and reflecting on a lesson occurs. Maybe this
distinction reflects a national (German) view on competence, whereas many inter-
national researchers include aspects of competence in the construct of PCK (Berry,
Friedrichsen, & Loughran, 2015). Using the term ePCK instead of competence could
be more meaningful and helpful because the evenmore complex construct of compe-
tence is avoided and the focus is on knowledge categories including the enactment
of PCK.

The idea of knowledge exchanges as pedagogical reasoning processes, involving
amplification and filtering by influences such as attitudes and beliefs, is included
implicitly in the RCM and symbolised via two-way arrows between all concentric
circles/layers in the diagrammatic model. For the future, it could be meaningful
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to make filters like teachers’ perception, attitudes, and beliefs more explicit in the
diagrammatic form of the model, because of their significant impact on teachers’
enactment in classrooms and their students’ learning achievement (Lumpe, Czerniak,
Haney, & Beltyukova, 2012). Some researchers state that “beliefs and PCK were
inextricably intertwined” (Veal, 2004, p. 346), so the meaning of non-knowledge
aspects could be included in a revised RCM of PCK. The above-mentioned aspects
show that the ideas of the PCK research community could not be represented entirely
in the RCM, despite many science educators who have extensive experience in doing
research on PCK being part of the development process of CM and RCM. That said,
the model accomplishes an excellent base for the ongoing debate on PCK.

All in all, the RCM seems to accomplish substantive improvements on the older
CM. Placing ePCK at the centre of the model gives consideration to a practitioner
perspective on the nature of PCK as a significant consequence. A science teacher’s
knowledge can now be seen as a precondition for planning, teaching, and reflection,
and in turn, planning, teaching, and reflection are seen as PCK itself. TheRCMallows
for different views on the nature of PCK and fosters many different approaches to
PCK research. These affordances might prove to be the most important outcomes of
bringing together some of the world’s leading PCK researchers in science education.

Summary

The book provides a holistic picture of the conceptualisation of PCK in science
education research and practice and its application in empirical research on science
teachers’ PCK. In addition, the reader gets an excellent review of recent literature
on that field of research. The chapters offer insights into the process of developing
a widely discussed model of PCK that includes the thinking of many outstanding
researchers and their perspectives on PCK. The RCM and this book itself will both
serve to foster research on PCK and continue the debate on the nature of PCK, which
is exactly what research is all about!
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