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Abstract
The seven articles that comprise this Special Issue examine the professional growth of
mathematics and science teacher educators across different contexts and different foci
of who is the teacher educator being studied. Despite these differences, a common
thread running throughout these seven articles is the need for learning to be situated in
collaboration with others. In this final article, we examine the contribution of these
articles through two perspectives: that of the collaborative contexts supporting the
professional growth of mathematics and science teacher educators, and the role of
disciplinary knowledge as part of the purpose for teacher educators’ professional
growth. We notice that collaboration can take on very different structures in supporting
teacher educators’ professional learning due to the different purposes and roles of the
teacher educators in the studies. We also notice that while collaboration figures as an
important component in all of the studies, the disciplinary specific aspects of collaboration, i.e., how collaboration might be negotiated differently by teacher educators in
mathematics and science, is still not well understood. Overall, these articles provide
important insights that help to shed new light on the complex and multifaceted nature
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of teacher educators’ learning and growth and provide productive avenues for future
research.
Keywords Collaboration . Teacher educator . Professional growth . Professional

knowledge
Ping et al. (2018) recently published a systematic review of teacher educator professional learning; however, missing from this review is any connection to understanding
disciplinary specific teacher educator learning. The intent of this special issue of the
International Journal of Science and Mathematics Education is to bring to light how
researchers are working within and across the science and mathematics education
communities to enhance teacher education by discussing important aspects regarding
the professional growth of mathematics and science teacher educators. Thus, putting a
spotlight specifically on the kinds of frameworks for professional growth guiding our
ideas about how to study teacher educators’ learning and development, what models or
programmatic experiences appear to be working well, and what common practices are
occurring in the fields of mathematics and science education.
The seven articles selected for this issue provide a range of ideas related to these
questions and offer recommendations for others in the field to consider when working
in the context of mathematics and science teacher education. More specifically, we
noticed across these articles how authors have taken up different ideas as to who is a
teacher educator. For example, we see in four of the papers the authors themselves are
the focus of study and are seeking to understand their professional identity (see Lloyd
et al., 2021; Weinberg et al., 2021) or are discussing models of professional growth
established at their institution and their own learning as participants in the program (see
Hanuscin et al., 2021 and Triantafillou et al., 2021). Other authors are a step or two
removed as the teacher educator of focus, and as such are not examining their own
learning as teacher educators, rather how a graduate student (see Superfine & Pitvorec,
2021), district level subject advisors (see Venkat & Askew, 2021), or school level
teacher leaders (see Borko et al., 2021) are growing professionally as educators of
teachers. Due to these differences in who is being positioned as the teacher educator
participant(s) for the study, the methodological framework also varies from self-study,
to case study, to narrative inquiry, to programmatic reviews. Therefore, considering the
range of perspectives of who constitutes a teacher educator, and the variation in
methodologies employed by the researchers, we decided to focus our attention on what
we identified as the collaborative context supporting the professional growth and the
role of disciplinary knowledge as a component of professional growth.
To begin, we mention in our introductory paper (Krainer et al., 2021) that the seven
articles in this issue discuss professional growth in different contexts and different foci
of who is the teacher educator being studied. Despite these differences, however, one
aspect of teacher educator professional growth we found constant across these seven
studies is the need for learning to be situated in collaboration with others. This stance
follows a socio-cultural perspective to learning (Anderson, 2007; National Research
Council, 2005) found in much of the literature on mathematics and science classroom
learning. Ping et al. (2018) also identify collaboration as a common professional
learning activity from their review of 123 articles on teacher educators’ professional
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learning across disciplines. This led us to our second theme of how disciplinary
knowledge (i.e. subject matter knowledge) is included as part of the purpose for
professional growth described in these seven studies. These two themes, role of
collaboration and inclusion of subject matter knowledge, frame this epilogue.

Theme 1: Role of Collaboration
The notion of collaboration, or collaborative learning, as an educational strategy for
supporting teaching and learning is well-established in social sciences research literature (Borko & Potari, 2020; Laal & Ghodsi, 2012; van der Linden et al., 2000). In
particular, as a pedagogical approach, it fits well within contemporary views of sociocultural or socio-constructivist learning as described by Vygotsky (Newman & Latifi,
2021). For studies that situate themselves methodologically as following a self-study
approach, it is understandable that collaboration would be central to the work described
in the study, as it is frequently employed by self-study researchers as a means of
establishing trustworthiness and to provide critical insight into the practice of studying
teacher education (Mena & Russell, 2017). Additionally, well-established frameworks
of professional learning, such as a Community of Practice (CoP; Lave & Wenger,
1991; Wenger, 1998), also rest on the premise that for learning to occur there needs to
be member interaction through sharing of experiences and collective meaning making.
Examining the reference to collaboration in the context of teaching and learning across
the seven studies, we identified three ways we saw the notion of collaboration being
discussed. We refer to the three forms of collaboration presented in these seven studies
on mathematics and science teacher professional growth as being either informally,
semi-formally, or formally structured.
Collaboration in an Informal Structure Supporting Teacher Educator Professional
Growth
An informal learning structure is exemplified in the two studies by Weinberg and
colleagues and Lloyd and colleagues. In both of these studies, the professional growth
of the teacher educator being studied is that of the authors themselves. Their research
aligns with many of the reasons Ping et al. (2018) found across the literature were
examples of content and reasons why teacher educators study their own professional
learning. With respect to Weinberg and colleagues and Lloyd and colleagues, the role
of collaboration was a natural element of their work. Their studies were self-initiated
because of curiosity and personal interest in understanding their own professional
identity as a teacher educator, as well as a desire to support their colleagues in doing
the same. Participation in the collaborative learning experience described in these two
studies was voluntary and participants felt a sense of equal partnership. In both studies,
reference is also made specifically to the notion of an established CoP and as such
collaboration was a required component of the partnership. Additionally, both of these
studies describe a mutually beneficial collaboration that grew out of long-standing
relationships with all members of the community. Table 1 summarizes the role of
collaboration within the informal structure of a CoP employed in these two studies.
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Table 1 Role of collaboration within informally structured models supporting teacher educator professional
growth
Authors

Guiding framework and focus of collaboration Key aspects of collaboration in teacher educator
professional growth

Weinberg • Figured worlds used to frame identity
• Long-standing personal and professional reet al.
formation
lationships
(2021) • Figured worlds are informed by socio-cultural • The collaboration of the CoP positioned
theories
learning as a social activity, with key features
• Focus on CoP interaction, serving as a type of
of trust, advocacy, mutual understanding,
figured world because of the nature of
flexibility, and distributed leadership
member interaction
• Despite mutual participation, meaning making
and shared resources, individuals also have
agency over their own identity development
Lloyd
et al.
(2021)

• Perspective on teacher educator identity
• Long-standing partnership between university
informed by “situated learning,” thus
and local school district with Professional
socially constructed and negotiated within a
Development School model. Within this
CoP
model, university and elementary school
• Focus on duoethnography as a means of
work together to teach methods courses and
relaying shared stories
connect field experience authentically to the
classroom for preservice teachers
• Features of collaboration included intentional
reflective discussion with colleagues of
diverse professional expertise, thus
demonstrating vulnerability as one opens up
perspectives and practices of self to others

For the five remaining studies, however, collaboration did not necessarily play a
personal role, so much as a structural role for other goals to be accomplished. This
resulted in the collaborative relationships not being as clearly defined as in the
Weinberg and colleagues’ and Lloyd and colleagues’ papers. However, differences
were noted even in the remaining five papers and for this reason we divided them into
two additional groups—semi-formal and formal collaborative structures.
Collaboration in a Semi-Formal Structure Supporting Teacher Educator Professional
Growth
Hanuscin et al. (2021), Superfine and Pitvorec (2021), and Triantafillou et al. (2021)
were identified as falling under the semi-formal structure with respect to how collaboration was being employed. In each of these studies, there was an established
institutional framework in place that guided how the community members interacted
and collaborated in studying and reflecting on their practice. Unlike the two informal
structured collaborations, the collaborations in the semi-formal structure category did
not emerge from a long-standing partnership between members, and in fact new
members came and went from the collaborative community depending on the needs
of the individual. There was some flexibility with what an individual might contribute
to the collaboration, but also what they gain from participating in the community. It is
notable in all three studies identified as semi-formal structure collaborations that
members seemed to view their participation as a part of the institutional expectation,
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or what Ping et al. (2018) categorize as an “external requirement” for why teacher
educators sometimes engage in opportunities for professional growth. Despite the
collaborative structure existing because of an institutional expectation, none of the
participants in the studies suggested they felt pressured to be involved in the collaboration, rather they embraced the support their institutions were providing in establishing
these opportunities for professional growth with colleagues within or across mathematics, science, and STEM disciplines. Therefore, we posit the variation we see in the
outcomes of the three semi-formal structured collaboration studies has to do with the
reasons for the collaboration occurring in the first place. These differences are
highlighted in Table 2.

Table 2 Role of collaboration within semi-structured models supporting teacher educator professional growth
Authors

Guiding framework and
focus of collaboration

Key aspects of collaboration in teacher
educator professional growth

Hanuscin et al.
(2021)

• “Shadowing” (Morrison, Raab, & Ingram, • A cross-disciplinary model featuring both
2009), referring to a collaboratively
modeling and critical reflection on pedastructured learning experience for
gogical decision-making
faculty, but distinct from co-teaching,
• Each shadowing experience is negotiated
paired teaching, or mentoring approaches
and unique, with 5 features of
• Neither CoP nor inquiry mentioned, but
professional growth identified across the
collaboration is critical among pairs
shadow pairings: (1) focus on learning
shadowing each other
versus evaluation, (2) personalized and
reciprocal, (3) emergent nature of learning goals, (4) flexible structure, and (5)
long-term

Superfine and
Pitvorec
(2021)

• Focus on identifying “problems of
• Agreement on the use of Mathematics
practice” as lens for analysis and growth
Teacher Educator Lesson Plans as
in the CoP
artifacts for reifying the community’s
• CoP—specifically the apprenticeship apknowledge building
proach (Lave & Wenger, 1991; Wenger, • CoP features—members shared goals,
1998)
practices, and history
• A model of CoP with varied levels of
expertise, thus situating learning as
apprenticeship with novice Mathematics
Teacher Educators learning from more
experienced members

Triantafillou et al. • Focus of study was supporting
• Teacher educators identified the
(2021)
mathematics and science teachers with
complexities of cross-disciplinary teachlearning to collaborate in a Community
er education and collaboration; the need
of Inquiry for integrated STEM learning
for addressing diversity among
that seeks to develop curriculum aligning
disciplines, curricular differences, teachsimilar epistemological practices of
er subject matter and program priorities
STEM
• Through collaborative discussions with
• Community of Inquiry employed, along
teachers and across the PD team, teacher
with Activity Theory, as a theoretical and
educators recognized their own research
analytical tool for studying the
backgrounds may be limiting their
complexity of teacher education and the
understanding of the epistemological
role of teacher educators in supporting
stances of multiple disciplines
mathematics and science teachers to
collaborate
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It is important to note that, within this semi-formal category, Superfine and Pitvorec
were not identified as participants of their study, as the authors of the other two papers
were. This suggests that a semi-formal approach to collaboration as a structure for
professional growth can allow for flexibility in who is being studied, what is being
studied, and why, thus opening up opportunities for various perspectives on teacher
educator professional learning, such as expert/novice or mentor/mentee types of relationships, to be examined. With respect to these sorts of relationships, however, there is
the possibility of power dynamics to exist within the collaborative structure (Cuenca &
Park Rogers, 2019). When power differences can naturally occur in the collaboration,
even if the focus is on improving a tool for instruction, such as the lesson plan in the
Superfine and Pitvorec (2021) study, or modeling how to engage with others that may
not have the same disciplinary background (see both Hanuscin et al., 2021 and
Triantafillou et al., 2021), the one in the more knowledgeable position at the time
has power over the one observing to learn. This can unintentionally lead the one in the
mentee or apprentice position feeling emotions of inadequacy. We commend Hanuscin
et al. (2021) raising “emotional development” as a dimension of teacher educator
professional growth that needs to be addressed and carefully negotiated in semiformal collaborative structures where both expert and novice teacher educators are
learning with and from each other.
Collaboration in a Formal Structure Supporting Teacher Educator Professional
Growth
The final category of collaboration identified across these articles we referred to as
formal. The Venkat and Askew (2021) paper, as well as Borko et al.’s (2021) study, fits
under this category. In both cases, collaboration was never directly referred to as a part
of the professional growth process for the teacher educators being studied, rather it was
implied or assumed as a component of the larger professional development program
that was being investigated in each study. Additionally, the authors of these two papers
were not participants in the learning experience but facilitators of the learning with the
goal of supporting others (teacher leaders or subject matter advisors) to develop as
educators of teachers in their work with classroom teachers. Therefore, there appeared
to be a trickle-down effect with collaboration in these two studies as the teacher leaders
(in Borko et al., 2021) and subject matter advisors (in Venkat & Askew, 2021) learned
from the authors about a particular mathematics curriculum or program, and the skills
for how to work with the classroom teachers to support them with implementing it.
Therefore, these two papers suggest that collaboration in a formal structure could
receive little direct attention, but still serves as a mechanism for effective delivery of
the larger professional development goals. The manner with which collaboration is
implied in Borko et al. (2021), and Venkat and Askew (2021) is described in Table 3.
Summary of Theme One
The notion of collaboration as a mode for learning is not a new concept and is
encouraged in most learning contexts. However, we see from the seven articles in this
special issue that collaboration can take on very different structures (informal, semiformal, and formal) when it comes to its use in supporting teacher educator professional

Finding Common Ground: A Synthesis of Science and Mathematics...

S173

Table 3 Role of collaboration within formal models supporting teacher educator professional growth
Authors

Guiding framework and focus of collaboration Key aspects of collaboration in teacher
educator professional growth

Venkat and • Heyd-Metzuyanim (2017) “Ring” and
Askew
“Overlapping” models of relationships be(2021)
tween communities in mathematics education
• Focus on understanding the Mathematics
Subject Advisor’s (MSAs) and classroom
teacher’s collaboration with respect to delivery of lessons from intervention

Borko
et al.
(2021)

• University researchers arranged things to
ensure the MSAs would be able to
collaborate with a participating classroom
teacher on all 4 lessons from the
intervention. This “guaranteed” time had not
easily been established for MSAs before
• No specific mention though as to how the
researchers encouraged/guided the collaboration efforts between MSAs and classroom
teachers. The MSAs approached this on
their own terms

• Guiding the design and of the PD and the
• Key feature of this model is to build
analysis of the PD for the study were the
research-practice partnership in order to
models—“Learning to Lead Cycle”
build PD capacity at the school level with
(adapted from McDonald, Kazemi, &
the use of teacher leaders
Kavanagh, 2013) and Prediger and Pöhler • The focus was on developing teacher leaders
(2019) three-Tetrahedron Model of PD,
who would then return to schools to
which illustrates a pathway of interactions of
collaborate with colleagues with learning to
facilitators of PD
adopt the district adopted curriculum
• At each level, PD is designed to promote
• No direct mention on how teacher leaders
learning that involves lifting (i.e. examples
learned to specifically collaborate with
from classroom practice to situate the
teachers in learning about the curriculum,
learning), nesting (i.e. the learning in the
but one may infer collaboration occurring at
goals of the PD), and unpacking (i.e. a
the reflective stages (unpacking)
reflective strategy relating learning across
the PD levels of the model)

growth. These differences may occur because of the purpose of the learning, the
structure or guiding framework for the learning (e.g. Community of Practice), the
criteria for how collaboration will be established, and who is identified as a teacher
educator. Despite learning about the important role of collaboration in the context of
each paper, what is still not understood is how collaboration might be negotiated
differently by teacher educators in mathematics compared to science. Of the seven
articles presented in this issue, only two (Weinberg et al. (2021); Triantafillou
et al. (2021)) represent a collaboration between mathematics and science educators.
In Weinberg et al. (2021), while “STEM disciplinary expert” was a domain of STEM
identity these authors were considering as part of their STEM identity development, it
appeared that only one member of the group experienced (limited) transformation in
this domain. Thus, understanding the differences in disciplinary perspectives among the
teacher educators and how these differences may have impacted their collaboration was
given little attention. Triantafillou et al. (2021) positioned interdisciplinary connections
between STEM educators as a goal of their work with teachers. However, they found it
difficult to follow through on this goal because of the differences in epistemological
and ontological views found in the natural and applied science disciplines. They
concluded that for science and mathematics collaborations to be successful in modeling
interdisciplinary curriculum development, it is important for teacher educators to have
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an accurate understanding of key disciplinary practices and ways of knowing held by
the different disciplines; only then can teacher educators model how to accurately
portray integrated curricular approaches that complement and support purposeful
connections across the disciplines. Considering the results of these two studies
(Weinberg et al. (2021) and Triantafillou et al. (2021)) leaves one questioning the role
of disciplinary knowledge for teacher educators. To what extent does disciplinary
knowledge play a role, or should it play a role, when collaborating with colleagues
of similar or different disciplines for the purpose of growing in our understandings of,
and practices of, being science and mathematics teacher educators? We explore this
latter question in the next section.

Theme 2: The Role of Disciplinary Knowledge
A second theme we considered from these studies is the role of disciplinary knowledge
in teacher educators’ professional growth. Given this special issue focuses on mathematics, science, and STEM teacher educators, we wanted to understand how the subject
domain figures in these studies, and what role it takes in one’s development as a teacher
educator. As we mentioned in our opening article (Krainer et al., 2021), Shulman
(1986) proposed that teachers possess a unique kind of knowledge that distinguishes
them from subject matter specialists which he termed pedagogical content knowledge
(PCK). By naming PCK as the integration of subject specific content and pedagogy,
Shulman (1986) aimed to address a “missing paradigm” in research on teaching and
teacher knowledge that, up until that time, had predominantly focused on generic
aspects of teaching.
So, what does this idea of a subject specific pedagogical knowledge mean when
viewed from the perspective of a teacher educator? Obviously, teacher educators need
to develop a wide range of skills, attitudes, and knowledge, some of which are generic
(for example, being able to work in a team or having excellent communication skills),
while others are more discipline specific (e.g. knowledge of how to teach particular
subject matter in ways that support student learning). It could be argued that teacher
educators at least need well-developed PCK for teaching specific school subject matter,
as well as knowledge of how to teach teachers about that subject matter knowledge so
that they are able to teach it effectively to their students. Abell, Park Rogers, Hanuscin,
Lee, and Gagnon (2009) captured this latter idea as “a parallel form of PCK” for teacher
educators that includes “knowledge about curriculum, instruction, and assessment for
teaching science methods courses and supervising field experiences, as well as …
knowledge about preservice teachers and orientations to teaching science teachers” (p.
79).
The set of studies that comprise this special issue on teacher educator
professional growth illustrate a wide range of ways in which subject matter
plays a role in teacher educators’ professional growth. In some studies, there is
an explicit disciplinary focus (e.g. Hanuscin et al., 2021; Superfine & Pitvorec,
2021; Venkat & Askew, 2021), in other studies, the discipline is considered in
relationship with other foci (e.g. Lloyd et al., 2021; Triantafillou et al., 2021;
Weinberg et al., 2021), and in others, the discipline sits more in the background, as a context for the study (e.g. Borko et al., 2021). We now highlight
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the varied approaches that each of these studies takes to including subject
matter as a component of teacher educator professional growth.
The studies of Hanuscin et al. (2021) and Superfine and Pitvorec (2021) both focus
on university-based teacher educators’ professional growth. In Hanuscin et al.’s (2021)
study, teacher educators’ professional growth occurs in terms of both conceptual
understandings of their subject area, making connections between concepts, as well
as improved knowledge of prospective teachers’ understanding about particular scientific concepts, including their “common misconceptions and roadblocks.” Professional
growth is facilitated by sustained immersion in colleagues’ classes, combined with
reflection on these classroom experiences. Superfine and Pitvorec’s (2021) study offers
insights into the development and articulation of a pedagogy of mathematics teacher
education through the creation and analysis of lesson plans. Using a “problems of
[mathematics teacher education] practice” focus, the novice teacher educator of this
study develops her knowledge of practice supported by her more experienced colleagues. As the authors point out, the aim of the study is not to produce detailed lesson
plans for every topic in mathematics teacher education, nor to create “blueprints” for
practice, but to “potentially elucidate components of a knowledge base related to the
content of lesson plans” through collaborative analysis of problems of practice. While
this process is immediately helpful for this novice teacher educator, it may also help
other teacher educators. Unique to this study is the elucidation and articulation of the
pedagogical reasoning shaping the practice of the novice teacher educator.
We interpreted the studies by Hanuscin et al. (2021) and Superfine and Pitvorec
(2021) as illustrating approaches that could be utilized by other teacher educators
seeking to develop their PCK and Subject Matter Knowledge (SMK). This is an
important contribution to the research on teacher educator professional growth as there
are few examples of such detailed subject specific pedagogy of teacher education in the
literature (with the possible exception of self-studies in mathematics (see Schuck &
Pereira, 2011) and science (see Bullock & Russell, 2012)).
In addition to the studies described above, Venkat and Askew (2021) foreground
subject matter knowledge through their study which aims to build the capacity and
confidence of teacher educators (whom they refer to as Math Subject Advisors
[MSAs]) to support primary school teachers in teaching a specific mathematical topic,
multiplicative reasoning. An explicit purpose of this project was to build research
informed mathematical knowledge and understanding of the MSAs. Outcomes of the
research show that professional growth occurs for the MSAs in terms of the development of their SMK for multiplicative reasoning, and also in terms of their PCK of
classroom teaching of this topic as they develop “more skilled pedagogic content
knowledge” and “mathematically attuned noticing” through working with the teachers
in the professional development program. They also develop their knowledge of
teaching adult learners.
Teacher educators face unique challenges when working in interdisciplinary contexts because of the different subject cultures and epistemologies that teachers bring, as
well as those encountered within the contexts in which they work. For example,
Triantafillou et al.’s (2021) study takes a STEM focus as participating teacher educators’ growth is investigated through their efforts to support collaboration among
inservice mathematics and science teachers. In this study, teacher educators experienced difficulties and dilemmas as they attempted to navigate and manage their own,

S176

M. Park Rogers et al.

and inservice teachers’ epistemological and ontological differences in mathematics and
science teaching. Given increasing focus on interdisciplinary collaborations in mathematics and science teaching, this study (and also to some extent Hanuscin et al., 2021)
raises important issues about the content-focused nature of teacher educators’ professional knowledge. Both Hanuscin et al.’s (2021) and Triantafillou et al.’s (2021) studies
offer approaches and insights that might be valuable to support teacher educators’
professional growth in interdisciplinary learning.
In the remaining three studies, disciplinary knowledge sits more in the background
because the focus of the study is on another aspect of growth—on identity (Lloyd et al.,
2021; Weinberg et al., 2021) and a professional development model (Borko et al.,
2021). In the study by Lloyd et al. (2021), teacher educators share the same disciplinary
background of mathematics although they have different identity relationships with the
content of mathematics, as a classroom teacher, researcher, and teacher educator. Their
study findings illustrate a “differential attention to subject matter” that is shaped by the
identity lens each teacher educator brings to bear on her observations of classroom
teaching. The extent to which mathematics is foregrounded in their identities influences
the nature of her observations and subsequent professional growth trajectory.
Weinberg et al.’s (2021) study also focuses on identity of teacher educators, but
within an interdisciplinary STEM Community of Practice. This time, identity is
connected with how the teacher educators identify with the different disciplines of
STEM. Their study outcomes focus on identity transformations, mostly related to
educational systems and contexts and within this, the role of disciplinary knowledge
is evident through the teacher educators coming to understand their different epistemological orientations related to STEM. The study outcomes also illustrate the development of a pedagogy of teacher education for teaching STEM, although this is a more
minor focus of the article. Given the increasing emphasis on interdisciplinary STEM, it
would be useful in future studies to better understand what it means to develop as a
teacher educator of STEM, where the focus is on understanding how to connect subject
matter knowledge across the STEM disciplines.
Borko et al.’s (2021) study foregrounds teacher educators’ learning and implementation of a particular professional development model in the context of mathematics
instruction. The main focus of this article is on how the teacher educators (referred to as
master teachers) developed their knowledge and capacity to use specific practices
embedded in the model of lifting, nesting, and unpacking and how they modify the
model as they work within different school contexts. From this study, we learn most
about teacher educators’ professional growth in terms of their use of the specific model
and little about how the mathematics subject matter shapes the way in which the model
is interpreted or enacted.
Summary of Theme Two
Looking across the set of articles, we notice that only a couple of papers pay attention
to the idea that teacher educator professional growth includes a focus on subject matter
knowledge of science, or mathematics. This is perhaps not surprising since the typical
recruitment of teacher educators is from school teaching or academia; hence, having
sufficient subject matter knowledge may be assumed as a prerequisite for the role. Yet,
as Hanuscin et al.’s (2021) and Superfine and Pitvorec’s (2021) studies show, there is
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something different about understanding the knowledge required for teaching teachers
compared with teaching school students that needs to be identified and developed. At
the same time, these studies also reveal that disciplinary knowledge plays an important
role in shaping the professional identity of teacher educators, and that growing professionally also means recognizing how discipline and identity interact. Three studies
investigate aspects of identity in relation to this theme both within a particular discipline
(Lloyd et al., 2021) and across STEM disciplines (Triantafillou et al., 2021; Weinberg
et al., 2021).

Conclusion: Insights from this Special Issue
As noted in the introduction to this special issue (Krainer et al., 2021), over the years
much of what we have learned about mathematics and science teacher professional
development has started to be taken up in understanding the professional growth of
teacher educators. The support for introspective methodologies such as self-study and
action research has paved the way for much of this work to be noticed and shared
publicly (Bullock & Russell, 2012; Loughran, 2014).
The seven articles in this special issue further contribute to this growing, but still
very much needed development. From these studies, two themes have emerged on
collaboration and the role of disciplinary knowledge. As we consider these two themes,
we are reminded of what Loughran (2006) proposed as a distinct pedagogy of teacher
education, and that it is based on two complementary aspects of knowledge and
practice: teaching about teaching and learning about teaching. Drawing from
Loughran’s work, Ritter (2007) further highlighted a distinction between a pedagogy
of classroom teaching and pedagogy of teacher education, whereby classroom teachers
teach subject matter, while teacher educators teach about how to teach subject matter.
Considering this perspective, and focusing on science teacher educators, Berry and
Loughran (2012) noted the multifaceted challenges of the role of a teacher educator,
and the need for science teacher educators specifically (and the same could be said for
mathematics teacher educators, as elaborated in Even (2005) and Jaworski (2008)) that
to experience and understand learning about science teaching and learning in ways that
challenge their existing taken-for-granted assumptions about practice, they need to
work on developing their pedagogy of (science/mathematics) teacher education.
Looking across each of the studies in this special issue, one could say that these
researchers have indeed taken up the idea to challenge their existing assumptions about
practice, and they have done so in different ways, from different perspectives, and for
different purposes.
In conclusion, we leave this special issue with a few important insights for science
and mathematics teacher education researchers to consider as they attempt to challenge
their own assumptions about their practice, or the developing practice of teacher
educators with whom they work. First, it is important to explicate and share what
and how teacher educators’ knowledge continues to grow throughout a career in
academia, as it is just as important for academics of teacher education to push the
boundaries of understanding who they are and their approaches to teaching teachers for
the field of teacher education to continue to evolve. Next, within the field of mathematics and science teacher education specifically, it is important that we try to identify
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the role that subject matter or disciplinary knowledge continues to play in establishing a
specialized knowledge (i.e. PCK; Shulman, 1986) of teaching teachers (Abell et al.,
2009). Through purposeful study of these relationships between knowledge and practice (Loughran, 2006), only then can we begin to identify possible key processes or
experiences needed for professional growth, in turn promoting both theory and practice
of teacher education. Thirdly, these seven studies show various approaches to studying
a range of teacher educator professional growth experiences; however, it is also evident
there is not a single kind of teacher educator, but it is a broad term used to describe
someone who works to educate teachers in a variety of contexts. As such, it is
important that the field begin to find some common or shared language to describe
the processes of professional growth for a range of teacher educators that help to define
the expertise and development of educators of teachers in the disciplines of science and
mathematics. Only through this use of shared language can the kinds of experiences
and trajectories of growth, as Abell et al. (2009) proposed, begin to be studied,
interrogated, and refined to grow and develop the profession. Lastly, from the variance
displayed in these seven studies as to who is referred to as a teacher educator, to the
goals for seeking out professional growth, to understanding both shared approaches
(i.e. collaboration) and contrasting approaches (e.g. evaluation of professional development models to self-studies), it is clear there is a need for further study on the
professional development of science and mathematics teacher educators—both in
distance (larger scale) and nearness (more fine-grained). Both kinds of research will
help to illustrate, and hopefully disentangle, the complex, multi-layered, and multifactorial task of understanding how to study teacher educators’ learning and development,
a goal that these studies point the way towards and help to shed light on as necessary
for future studies.
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