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Abstract
This introductory paper first reflects the genesis of research in mathematics and science
teacher education. The analyses show a movement from foci of research in mathemat-
ics and science education from students to teachers, and then to teacher educators.
Next, an overview of research in mathematics and science teacher education and its
development is provided, including teacher educators’ growth. This is followed by a
comparative look at the seven papers in this special issue through three lenses, focusing
on who the teacher educators in these papers are, the practices which are the focus for
development, and the contexts in which the professional growth is situated. The seven
papers not only exemplify how teacher educators might critically and systematically
reflect on their own growth, educate new teacher educators, and do corresponding
research, but also demonstrate the considerable progress the research community has
made with respect to the professional growth of mathematics and science teacher
educators in the last decade. Finally, challenges and questions are raised, in particular
in relation to raising the quality and quantity of proficient teacher educators in order to
strengthen teacher education research, and to have enough human resources to offer
more and better professional development opportunities and to support schools.
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The term “teacher educator” commonly refers to both those who educate prospective
teachers and those who educate practicing teachers, that is, those who initiate, guide,
and support teacher learning across the lifespan (e.g. Even, 2008; Krainer & Llinares,
2010). A few researchers have tried to identify a possible trajectory for developing a
teacher educator’s professional knowledge base (Abell et al., 2009) or have described
what that knowledge base should be comprised of and what practices teacher educators
need to learn and develop (e.g. Berry & van Driel, 2013; Even, 2005, 2008;
Kelchtermans et al., 2017). Despite these efforts, there continues to be little research
available on the professional growth of mathematics and science teacher educators.
Therefore, the purpose of this special issue 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. More specifically, what frame-
works for professional growth are 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 (perhaps even
jointly) in science and mathematics education with respect to professional growth of
teacher educators? Also, needing consideration is what methodological approaches can
best serve our collective inquiry into this area of research? These and other questions
related to understanding how mathematics and science teacher educators develop their
beliefs and competencies for teaching teachers, as well as how these educators are
learning to grow their own practice, were encouraged for submission to this issue in the
open call we published. To ensure prospective and practicing teachers are receiving
quality educational experiences in their learning of how to teach science and mathe-
matics, much research is still needed into the knowledge and practice of those educat-
ing teachers in these disciplines. This issue seeks to address this goal.

In the following, we sketch first the movement from foci of research in mathematics
and science education from students to teachers, and then to teacher educators. In the
second section, we present an overview of research in mathematics and science teacher
education and its development, including the question of teacher educators’ growth.
The third section looks at the seven papers through three lenses and at interconnections
to the considerations in the former sections. Finally, the fourth section reflects on the
process of selecting manuscripts for this special issue and stresses the importance of the
theme of scaling up programs and studies regarding teacher educators’ growth.

Research on Students, Teachers, and Teacher Educators

Research on Students, Teachers, and Teacher Educators: What Emerged First?

It is rather unimaginable that a Special Issue on “Science and Mathematics Teacher
Educators and their Professional Growth” would have been published in the 1980s or
earlier. One reason is that at that time, mathematics and science education research
were still in their infancy, with foci on content, curriculum, applications, history, and on
the learning of mathematics and science students. Until about 1990, even the focus of
research on teachers’ growth was rare; mathematics and science teacher education was
mainly a field of practice. Papers often presented “success stories,” not necessarily
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being theory-grounded and evidence-based. The field was searching for a common
ground of research and teacher education (Cooney, 1994).

Reports about teacher educators’ learning were to a large extent confined to short
notes at the end of studies about teachers (e.g. Krainer, 2008, reflecting on the situation
in mathematics education in the late 1990s). General insights into the complexity of
teacher educators’ work were provided by Ducharme (1993) and Korthagen (2000). In
action research, the distinction between the “research” role of “insider practitioners”
(e.g. teachers, investigating their own teaching) and the “research” role of “outsiders”
(e.g. teacher educators, investigating the problems of facilitating teachers’ reflective
capacities or teacher educators’ own learning) leads to the terms “first order” and
“second order of action research” (e.g. Elliott, 1991, pp. 13, 26–27). Early examples in
science teacher education were Munby and Russell (1994), who reflected on the
development of their understanding of learning to teach in a Canadian physics teacher
education class; also, Smith (2000) who studied the development of her pedagogical
content knowledge as a primary science teacher educator. In mathematics teacher
education, two of the first systematic self-studies of teacher educators’ learning were
written by Halai (1998) and Tzur (2001), who reflected on their own becoming
mathematics teacher educators in Pakistan and Israel (respectively). At about the same
time, pioneering research on structured professional education and development op-
portunities for teacher educators of practicing teachers occurred within the Developing
Mathematical Ideas project (DMI) (Davenport & Ebby, 2000) and the QUASAR
project Stein et al. (1999) in the United States and the MANOR project in Israel
(Even, 1999a, b).

It appears that—regarding the research focus on social entities, like students,
teachers, and teacher educators—a first wave was research on students, later followed
by research on teachers, and then by research on teacher educators. Similar observa-
tions regarding trends in mathematics education stem from Sfard (2005), Jaworski
(2008), and Beswick (2020). This movement in the foci of research is further exem-
plified in the following.

In mathematics education, for example, the first international research journals were
launched in 1968 (Educational Studies in Mathematics) and 1970 (Journal for Research
in Mathematics Education), but the first research journal focusing on teacher education
was published in 1998 (Journal of Mathematics Teacher Education, JMTE), about
30 years later. So far (2021), no research journal focusing on mathematics teacher
educators’ growth has been launched. A highly influential document, not only in North
America but also all over the world was the “Curriculum and Evaluation Standards for
School Mathematics” by the National Council of Teachers of Mathematics (NCTM,
1989), followed by a series of further books aiming at establishing a broad framework
to guide reform in school mathematics. The NCTM activities fostered the forming of
the Association of Mathematics Teacher Educators (AMTE) in 1991, which lead,
among others, to a joint online journal (Mathematics Teacher Educator, MTE) in 2014.

The emergence of international handbooks shows a similar movement: the first
International Handbook of Mathematics Education (Bishop et al., 1996) was published
in the 1990s, whereas the first International Handbook of Mathematics Teacher
Education appeared twelve years later (Wood et al., 2008). It was highly innovative
at that time that this handbook dedicated one of its four volumes to “The Mathematics
Teacher Educator as a Developing Professional” (Jaworski & Wood, 2008). Similarly,
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the first large international comparative student assessment regarding mathematics and
science teaching was started in 1995 (TIMSS), followed in 2000 by further studies for
various subjects (PISA, PIRLS, etc.), but a parallel international comparative study on
mathematics teachers followed in 2008 (TEDS-M). Again, so far, no such quantitative
international study on mathematics teacher educators has been conducted. However,
there is an increasing interest in self-studies in mathematics teacher education (e.g.
Alderton, 2008; Schuck & Brandenburg, 2020).

Similar to the field of mathematics education, much of the research in science
education began with a focus on student learning. The preeminent journal Science
Education (established 1916) focused much of its early research on how students learn
and student conceptions about foundational science ideas. Since then, a focus on
student learning has continued to have a strong presence in other leading journals in
the field such as the International Journal of Science Education (established 1987;
formerly the European Journal of Science Education (1979–1986)). The move to
looking at the relationship between teaching and learning, and thus the learning of
teachers, became a focus for publications in science education in the early 1960s. This
was mainly due to K-12 curricular reforms in the United States as a result of the launch
of Sputnik and the shadow it casted on the limited state of science and technology
advancements in the United States at the time (Dickinson, 2007). It was during this
time period that the Journal of Research on Science Teaching (established 1963)
emerged and today still is one of the leading journals in the field sharing research on
the relationship between teaching and learning of science, and science teacher learning
in all contexts (preservice, inservice, informal, etc.) Additionally, in the late 1980s, the
Association for Science Teacher Education (at that time referred to as the Association
for the Education of Teachers of Science) launched the Journal of Science Teacher
Education (established 1989). This journal focuses on the dissemination of research
that pertains specifically to ways of improving science teaching in the context of
teacher preparation programs, professional development, university/college settings,
and overall teacher recruitment and retention in science education. It was not until
much later, however, a focus on science teacher education began to gain traction in the
field of science education. Since the mid-2000s, there has been a steady increase in the
number of science education scholars engaging in self-study research, including the
publication of two books devoted specifically to the topic (Bullock & Russell, 2012;
Buck & Akerson, 2016).

This shows that, as a tendency, research on students emerged first, then followed by
research on teachers, and only more recently a focus on teacher educators. We might
regard this as a wavelike further development of research foci, where one focus leads to
an additional focus, whereby the earlier foci continue to be important, again and again
influencing the new foci.

What Are the Reasons for this Wavelike Further Development of Research Foci?

Why did research on students emerge first, then followed by research on teachers, and
then by research on teacher educators? One main factor is surely the fact that the overall
goal of mathematics and science teaching is students’ learning, being the main output
of the education system. Of course, international comparisons focusing on students’
achievement (and beliefs, motivation, etc.) make differences among countries apparent.
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In turn, this generates interest by policy and science to elaborate reasons for the
differences, in particular for countries not performing as assumed. It is evident that
teachers (among other factors, see e.g. Hattie, 2008) have a strong impact on students’
learning. This enforces plans to improve teachers’ practice, knowledge, beliefs, reflec-
tions, etc. Thus, teacher education and relevant research become more prominent.
Consequently, it can be assumed that the success of teacher education depends
(among other factors, see e.g., Blömeke et al., 2008; Tatto et al., 2010) on teacher
educators’ practice, knowledge, beliefs, reflections, etc.

A second main factor for having research on students emerged first is complexity. In
research related to students’ knowledge, beliefs, learning, etc., the researcher—in
general—is not part of an intervention, for example, teaching the student (and also
investigating the impact). Usually, the researcher has a kind of distance to the inves-
tigated domain and collects data (audio- and/or video recording, interviews, measure-
ments, observations, etc.). The main goal is to better understand a specific aspect of
students’ knowledge, beliefs, learning, etc.; the researcher is not responsible for
students’ status or progress (regarding knowledge, beliefs, learning, etc.). Thus, the
research design has a clear distinction between the researcher and the researched. This
has the advantage of distance and a higher degree of objectivity. However, it might
miss the advantage of nearness (e.g., having deeper knowledge of students’ thinking, of
the learning context, other influences researchers might have not in their focus).

This traditional distinction between the researcher and the researched becomes
blurred when it comes to research on teachers. Of course, there is research related to
teachers’ knowledge, beliefs, learning, etc., where the researcher is not part of an
intervention. However, when the focus shifts from teachers to teacher education in
the sense of an “interaction process (embedded in a social, organizational, cultural, …
context), mainly between teacher educators and (student) teachers” (Krainer et al.,
1999a, b), then, the researcher is more or less involved. Not very complex kinds of
involvement are research on other colleagues’ teacher education initiative (course,
program, etc.) or research on teachers who autonomously collaborate in an action
research project (eventually facilitated by the teacher educator writing or co-writing
the research paper). However, at the latest, when the teacher educator has also the role
of the researcher, the situation becomes complex. In this case, the advantage of
nearness (e.g., having deeper knowledge about the teachers, a variety of data sources,
the chance to get feedback on assumptions or results, etc.) is apparent. However, the
direct involvement in the interaction process means lacking distance and decreases
objectivity. To a good part, the complexity has to do with the double goal and role of
understanding and improving teachers’ learning (research vs. teacher education). This
needs a certain balance between nearness and distance and a high quality of reflection
on advantages and disadvantages of nearness and distance. Teacher education is a kind
of intervention into teachers’ and teacher educators’ interaction process; thus, research
has the form of “intervention research” (e.g., Krainer, 2003).

A further step towards complexity is research on teacher educators. If these teacher
educators are teachers in the sense of becoming future teacher educators, the situation is
not very different to teacher education with respect to experienced teachers. For
example, when the research focuses on colleagues working in the same institutional
context or even department, striking a balance between nearness and distance becomes
an even more delicate issue. And when teacher educators investigate their own learning
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as teacher educators, the “self” comes into play, making the nearness stronger and the
distance lower, with all its advantages and disadvantages. Here, the interplay between
understanding and improving one’s own situation and profession growth becomes even
closer. In principle, self-studies are a kind of “action research” (e.g. Altrichter & Posch,
2009) as a special case of “intervention research.” The difference between teachers’ and
teacher educators’ action research lies, in general, in teacher educators’ deeper knowl-
edge in theoretical and methodological issues. However, the first principle for scientific
work by Richard Feynman (1987), winner of the Nobel Prize in Physics, is the same for
teachers and teacher educators: “you must not fool yourself.”

With this attitude of mind, and a good basis regarding theory and methodology,
investigating the self is of upmost importance, both for the individual researchers and
the scientific field as a whole. It helps through understanding teacher educators’ and
researchers’ own practice to improve their practice and scientific knowledge at the
same time. An ideal balance of nearness and distance could be regarded as follows: the
nearness of a self-study generates the advantage of having access to manifold data
around one’s own practice, of having the chance to deeply reflect individually or with
“critical friends,” and thus being able to go deeper into one case, considering the rich
context. In contrast to traditional research, where “generalization” is a prominent goal,
here “particularization” (Krainer, 2003, referring to Heintel, 1988) is a demanding goal,
maybe, finding the “general” in the “particular.” Self-studies are a rich methodology to
focus on the particular and to face the challenge of generating knowledge (e.g., Kitchen
et al., 2020), both interesting for the individual and the scientific community. In system
theory (e.g., Willke, 2005), intervention is regarded as a specific chance to understand.
For example, it is argued that through trying to bring about change in a social system,
we can experience and observe phenomena (rules, resistances, tensions, etc.) who
remain usually hidden when researchers are not intervening into the field.

Summing up, this shows that distance and nearness of the researcher to the
researched both have advantages and disadvantages; none of those is superior or better
than the other. In order to further promote the scientific field, we need both, considering
that different research contexts and questions acquire different theoretical and method-
ological approaches. A “gold standard” in one case might be an inappropriate way in
another case. It is about having a good rational for the intended and implemented
research.

In the following, we focus on the status and the further development of research of
teacher education in order to prepare our look on the status of research on teacher
educators’ professional growth. This will be done in two steps: first, major surveys in
research of mathematics teacher education are summarized; then, corresponding results
from research of science teacher education are sketched.

The Status of Research in Mathematics and Science Teacher Education

What Do We Know About the Status of Research in Mathematics Teacher Education
and Its Development?

Cooney (1994, p. 631) stressed that “as a profession we have just begun to recognize
the significance of conceptual orientations for guiding research on teacher education”.
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In 1998, JMTE as the first international research journal focusing on mathematics
teacher education was a milestone for the field. Parallel to the start of this journal, also
numerous books and articles were published (see e.g., Loucks-Horsley et al., 1998;
Jaworski et al., 1999; Krainer et al., 1999a, b; Lin & Cooney, 2001; Peter-Koop et al.,
2003; Strässer et al., 2004). Also, works on the first International Handbook of
Handbook of Mathematics Teacher Education (Wood et al., 2008) and on the first
ICMI study on teacher education, the 15th ICMI Study on “The Professional Education
and Development of Teachers of Mathematics” (Even & Ball, 2009), were launched at
that time.

In 2004, a survey on research of mathematics teacher education from 1999 to 2003
was presented at ICME-10 (Adler et al., 2005). The survey worked out four claims
(shortened):

Claim 1: Small-scale qualitative research predominates. This kind of research (studies
that focus on less than 20 teachers, including many case studies on single teachers) is
highly important and also somewhat natural since most teacher education activities deal
with a restricted number of participants (which minimizes complexity and allows going
deeper in research). Nevertheless, more comparative and large-scale studies in teacher
education would enrich the field.

Claim 2: Most teacher education research is conducted by teacher educators studying
the teachers with whom they are working. Most mathematics teacher education pro-
grams are reported on by those who designed and implemented them. This kind of
research (including studies based on action research) is highly important, too. In
addition, it makes sense to combine teacher educators’ practice (teaching) with research
interests. Nevertheless, more studies where externals investigate the effects of teacher
education would extend the knowledge of the field.

Claim 3: Research in countries where English is the national language dominates the
literature. About three-fourths of journal papers (JMTE and JRME) stem from such
countries. In PME proceedings, the situation is with a percentage of 43% less stark, but
nevertheless prevalent.

Claim 4: Some questions have been studied, not exhaustively, but extensively, while
other important questions remain unexamined. For example, the authors indicated
many teacher studies on professional communities (supporting Claim 1) and many
articles that involve efforts showing that particular programs of teacher education
‘work’ (supporting Claim 2). Fewer studies were, for example, carried out in teacher
learning outside of “reform contexts” or about programs aiming at spreading to
multiple sites (scaling up).

Gellert et al. (2012) conducted a similar survey for the period 2005–2010,
focusing on research methods, methodology, and techniques in studies on math-
ematics teacher education and building on the above sketched survey (Adler
et al., 2005). They report that Claim 1 is still legitimate (e.g. 89% of studies
involve less than 100 teachers), the same holds for Claim 3 (e.g. 70% of papers
with single-nation authors came from English-speaking contexts). Regarding
methodology, the authors claim that in the observed period (the late 2000s),
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new perspectives, methodologies, and techniques have been established. For
example, they show a slight increase in the number of studies that combined
qualitative and quantitative methods at the expense of studies using qualitative
methods only; although interviews formed the dominant category of techniques in
the qualitative and mixed method studies, new techniques were carried out (e.g.,
involving narratives /stories, videos, and concept maps). As an example from the
“politicized periphery,” the authors report the development of Participatory Ac-
tion Research in Latin America. They emphasize that the research-action-
reflection-emancipation process is an important means for researchers in these
contexts to make society and its institutions more democratic and egalitarian. To
some extent, this supports the view that in specific (national, but surely also
regional and local) contexts, action research is a powerful means both to under-
stand and to improve, indicating again that Claim 2 cannot be regarded as a
deficit, but as a mirror of necessities of teachers, teacher educators, and re-
searchers. It also indicates—regarding Claim 4—that the general view (whether
questions remain unexamined or were studied exhaustively) is one side of the
coin—the other is the particular view (formed and influenced by the situated
context).

A recent survey focusing on research on mathematics teachers working and learning
in collaborative groups from 2018 to 2019 (Krainer & Spreitzer, 2020) confirms Claims
1 and 2 (not looking at Claim 3 and Claim 4). In addition, the authors report some
further observations, for example: (a) most research focuses on improvements and
successes; (critical) reflections on researchers’ (co-)learning—although focusing on
collaboration—are rare; (b) only a few initiatives describe the context and relevant
environments having a potential impact on the initiative; (c) most initiatives stress the
importance of sharing reflections as a crucial factor for working with teachers and
possibly other groups (a similar observation stems from a literature review of PME
papers by Llinares and Krainer 2006).

Although such analytic views on a particular theme like collaborative groups
show some white spots in research, finding seven high-quality papers on that theme
within a two-year span only (2018–2019) is remarkable. This view is supported by
the fact that the theme “Teachers of mathematics working and learning in collab-
orative groups” is the focus of a recent ICMI Study (International Program Com-
mittee for ICMI-25 Study, 2019; see also Robutti et al., 2016) whose corresponding
proceedings (Borko & Potari, 2020) demonstrate a diverse and rich coverage of this
theme. Similar progress is mirrored, for example, by the volume “The Impact of
University Teacher Education Programs on Teacher Change and Mathematics
Teaching Practice” of ZDM (49/2, An & Chapman, 2017).

JMTE continued to be the key international journal in mathematics teacher educa-
tion, producing up to six issues per year and several special issues (e.g., “Video as a
Catalyst for Mathematics Teachers’ Professional Growth”, 2017), succeeding 2019 in
being accepted in the Web of Science’s Social Sciences Citation Index).

In 2020, the second edition of the International Handbook of Mathematics Teacher
Education Chapman et al. (2020) was launched. It builds on and extends the first
edition of this handbook (Wood et al., 2008), again consisting of four volumes, the
fourth one focusing on “The Mathematics Teacher Educator as a Developing Profes-
sional” (Beswick & Chapman, 2020).
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What Do We Know about the Status of Research in Science Teacher Education
and Its Development?

Similar to research in mathematics education, since its beginnings in the 1960s as a
distinct field, science education research has evolved from a focus largely concerned
with students and their learning, to include teachers and their teaching. As research in
science education developed through the 1990s, a focus on students’ science concep-
tions remained strong, but the field also expanded to include studies of science
teachers’ content knowledge (CK) and their pedagogical content knowledge (PCK)
(de Jong, 2007). This interest in science teachers’ PCK was very much influenced by
the pioneering work of Lee Shulman and colleagues who introduced the construct of
pedagogical content knowledge (PCK) in the middle of 1980s to acknowledge and
highlight a specialized form of professional knowledge possessed by teachers that sets
them aside from other professionals in other fields (Shulman, 1986). Shulman’s model
of PCK has had a profound and far-reaching impact on research into teachers’
knowledge, particularly in science education. The idea of PCK was rapidly taken up,
explored, adopted, and adapted by science education researchers in the field, including
most recently, two international summits (2012, 2016) that further elaborated and
expanded a model of PCK to result in the Refined Consensus Model (RCM) of PCK
for teaching science (Carlson et al., 2019).

Alongside the growing interest in science teachers, an additional strand of
research emerged in the 1990s, focusing on science teacher educators. This new
area arose partly from teacher educators’ own motivations to learn more about
their own practices, and partly in response to the growing interest in the
knowledge base of teacher education (Berry & Loughran, 2002). Following the
tradition of teacher as researcher, many science teacher educators have engaged
in self-study research because that work mirrors their own concerns for student
learning in science, for example, identifying and confronting alternative concep-
tions, and creating active and responsible learners. (For an early example, see
Russell, 1995). In 1997, the (US based) Association for Education of Teachers in
Science published a position statement on Professional Knowledge Standards for
Science Teacher Educators (JSTE, Lederman et al., 1997) in an attempt to
outline the knowledge and skills required by science teacher educators.
However, Abell et al. (2009) recommended this set of standards needed recon-
sideration to meet the demands and reforms of science teacher education and
suggested a new standard called “Knowledge for Teaching Preservice Teachers.”
The focus of this standard is on teacher educators in their doctoral programs and
the experiences they need to grow professionally in their knowledge and practice
for teaching teachers.

What Do We Know about the Status of Research on Teacher Educators’ Professional
Growth?

Since the publication of the special volume “The Mathematics Teacher Educator as a
Developing Professional” (Jaworski & Wood, 2008) in the first international handbook
of mathematics teacher education, and the 15th ICMI Study Volume on “The Profes-
sional Education and Development of Teachers of Mathematics” (Even & Ball, 2009),
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which suggested in its concluding chapter (Ball & Even, 2009) that the international
community should focus and build on collective capacity on the issue of identification
and development of teacher developers, several efforts have been taken to push
research on “educating the mathematics teacher educators” forward. For example, a
themed issue of ZDM (Jaworski & Huang, 2014) that centered on the professional
development of mathematics teacher educators who work in the field of teaching
development with practicing teachers. Nearly at the same time, a conference focused
on “Educating the educators: international approaches to scaling-up professional de-
velopment in mathematics and science education” (Maaß et al., 2015).

Beswick and Goos (2008) published an editorial named “Mathematics teacher
educator knowledge: What do we know and where to from here?” in a JMTE issue
where they review the papers of this issue, taking into account a wider range of
literature. Their abstract stresses that “the knowledge that mathematics teacher educa-
tors need has attracted limited but increasing attention in recent years.” Concluding,
they state that research into the knowledge of mathematics teacher educators “is
beginning to consider finer grained issues and contexts in a way that is analogous to
other areas of mathematics education that have shifted progressively from broad
concepts to more nuanced issues” (p. 424), indicating several new areas of research.
In her introduction to the fourth volume, “Mathematics teacher educators as developing
professionals” of the second international handbook of mathematics teacher education,
Beswick (2020) provides an outline of developments in research on mathematics
teacher educators over the period since the first edition of the handbook. Although
concluding that there has been manifold progress in the field’s understanding of
mathematics teacher educators, she regards this understanding “still in its infancy.”

Similarly, research in the field of science teacher educators’ professional growth is still
mainly in a nascent stage. Much of the work in this field has focused on the efforts of
individual science teacher educators to better understand the development of their knowl-
edge for teaching prospective science teachers, typically in the context of transitioning from
school-based teacher to teacher educator (e.g., Berry, 2008; Bullock, 2012; Garbett, 2012),
or from scientist to science teacher educator (e.g., Santau, 2012). The nature of professional
growth revealed through these studies is usually reported in terms of learning to move
beyond “technical rationality” (Schön, 1983) to more nuanced and productive
understandings of professional knowledge. For example, Berry (2008) came to conceptu-
alize her professional growth as a biology teacher educator in terms of series of “tensions of
practice” to be managed (as opposed to problems to be solved), while Bullock, a physics
teacher educator articulated his professional growth in terms of a distinct pedagogy of
teacher education (Bullock, 2012). In their conclusion to their Handbook chapter, “Research
on Science Teacher Knowledge” (2014), van Driel, Berry and Meirnik noted the lack of
attention paid to the role and expertise of science teacher educators and encouraged those
working in the field to document the expertise of this group, including its development in the
different contexts in science teacher educators’ work.

Introducing the Papers in This Special Issue

This special issue on “Science and Mathematics Teacher Educators and their Profes-
sional Growth” includes—in addition to this introductory paper and an epilogue—

K. Krainer et al.S10



seven research papers. In the following, drawing on Even (2008, 2014) and Krainer
(2015), we employ three lenses to introduce the papers: (1) Who are the teacher
educators in this special issue? (2) What practices of teacher educators are the focus
for development? (3) In what contexts the professional growth of teacher educators is
situated?

Who Are the Teacher Educators in This Special Issue?

Traditionally, the term “teacher educator” has been reserved for university- and college-
based educators who teach prospective teachers in formal teacher education programs.
However, in this special issue, we embrace a more contemporary approach, which
includes in the group of people entitled teacher educators all those whose role is to
educate teachers—prospective or practicing—that is, those who initiate, guide, and
support teacher learning across the lifespan (Ball & Even, 2009; Beswick & Chapman,
2020; Beswick & Goos, 2008; Even, 2008, 2014; Krainer & Llinares, 2010). Thus, a
large group of people, who commonly are not named teacher educators, are perceived
as such because their roles are to educate teachers. These include, for instance, mentors,
facilitators, teacher leaders, and coaches.

In line with this extended view, the teacher educators in the collection of papers in
this issue are as follows: university-based teacher educators who educate prospective
teachers (Hanuscin et al., 2021; Lloyd et al., 2021; Superfine & Pitvorec, 2021;
Weinberg et al., 2021), and practicing teachers (Triantafillou et al., 2021; Weinberg
et al., 2021), as well as practice-based teacher-educators working with practicing
teachers (Borko et al., 2021; Venkat & Askew, 2021). Reflecting the current absence
of an agreed-upon name for practice-based teacher educators, the terms used for these
people by the authors in this special issue are Teacher-Leaders (Borko et al., 2021) and
Mathematics Subject Advisors (Venkat & Askew, 2021).

What Practices of Teacher Educators Are the Focus for Development?

The professional education and development of teacher educators is an emerging field
of research. Current scholarly work tends to focus on knowledge: what do teacher
educators need to know? This line of research provides useful models and frameworks
for conceptualizing teacher educators’ knowledge (e.g., Berry, 2008; Beswick &
Chapman, 2020; Beswick & Goos, 2008; Brandenburg, 2008; Jaworski & Huang,
2014). Yet, whereas knowledge is, of course, important, the work of teacher educators,
just like the work of schoolteachers is something one does, not just knows.

The field of teacher education has begun in recent years to undergo “amajor shift—a turn
away from a predominant focus on specifying the necessary knowledge for teaching towards
specifying teaching practices that entail knowledge and doing” (McDonald et al., 2013). A
growing strand of research on teacher education has attempted to focus teacher education on
“core” or “high leverage” practices of teaching (e.g., Forzani, 2014; Grossman, 2018;
Windschitl et al., 2012). These include, for example, facilitating classroom discussions,
eliciting student thinking, andmaintaining classroom norms. Correspondingly, in the case of
the professional growth of teacher educators, there is a need to focus, in addition to
knowledge, on practices of teacher educators and on the integration between knowledge
and practice (Dinkelman et al., 2006; Even, 2008).
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The papers in this special issue contribute important information regarding practices
of teacher educators that were the focus of development. Selected practices include
promoting discussions in mathematics courses for prospective teachers (Superfine &
Pitvorec, 2021), adapting the design of workshops in response to specific teachers’
needs and goals (Borko et al., 2021), supporting teachers’ inquiry into teaching/
learning mathematics and science (Triantafillou et al., 2021), adapting existing ap-
proaches to new audiences (Hanuscin et al., 2021), connecting university coursework
to prospective teachers’ field experiences (Lloyd et al., 2021), supporting teachers in
implementing an intervention developed by academic faculty (Venkat & Askew,
2021), and working in a university-based teacher educators’ Community of Practice
(Weinberg et al., 2021).

These, and other practices of teacher educators described in these papers, could
serve as a useful starting point for discussing what “core” or “high leverage” practices
of educating teachers might be. Moreover, the difficulties that mathematics teacher
educators encountered when working with cross-disciplinary groups of practicing
mathematics and science teachers (Triantafillou et al., 2021) suggest that there is also
the need to investigate whether there are different core practices of educating teachers
for different sub-communities of the extended community of mathematics and science
teacher educators.

In What Contexts Is the Professional Growth of Teacher Educators Situated?

Traditionally, teacher educators have no formal preparation for their work, and their
professional growth receives little institutional and professional support. This missing
component in the efforts to improve the professional education and development of
teacher educators has been recognized in recent years by the international communities
of mathematics and science educators (e.g., Berry, 2008; Even, 2008; Ball & Even,
2009; Bullock & Russell, 2012; Jaworski & Huang, 2014) and pioneering works in
structuring the professional preparation and development of teacher educators have
emerged in different countries (e.g., Berry, 2016; Even, 1999a, 2005; Jaworski, 2008;
Loughran, 2014; McGatha & Rigelman, 2017; Zehetmeier et al., 2017). Yet, there
continues to be little research available on how to support the professional growth of
mathematics and science teacher educators in their work with teachers and what
learning experiences are useful for that.

The papers in this special issue describe a wide range of contexts in which the
professional growth of teacher educators was situated, highlighting a variety of insti-
tutional and professional kinds of support. Reflecting the current state of the field of
preparation and development of teacher educators, which in many countries is not part
of a systematic institutionalized practice, most of the papers in this issue are situated in
insightful and innovative, yet local, initiatives, that to a large extent are dependent on
the particular individuals who initiate, design, lead, and operate them. An important
contribution of this special issue is rooted in the detailed illustrations and thoughtful
deliberations of the professional growth of teacher educators that belong to different
groups.

Four of the papers in this issue focus on the professional growth of university-based
teacher educators (Hanuscin et al., 2021; Superfine & Pitvorec, 2021; Triantafillou
et al., 2021; Weinberg et al., 2021), one paper centers on the professional growth of a
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mixed group of university- and practice-based teacher educators (Lloyd et al., 2021),
and two on practice-based teacher educators (Borko et al., 2021; Venkat & Askew,
2021). In contrast with the traditional approach to professional growth of teacher
educators as a by-product of their work, the contexts in which the professional growth
of teacher educators was situated in all papers involved structured, sometimes formal,
professional learning opportunities. Below, we briefly mention these contexts.

The papers that focus on the professional growth of university-based teacher
educators describe distinct professional learning models, developed and used at the
authors’ respective institutes. Superfine and Pitvorec’s (2021) model involves collab-
orative creation and revision of community artifacts, namely lesson plans, by a
university-based Community of Practice (CoP), which was created to support novice
mathematics teacher educators. Weinberg et al.’s (2021) professional learning model is
also rooted in a university-based CoP, which is used as a safe space for STEM teacher
educators to self-promote their multi-faceted identity (trans)formation. Hanuscin et al.’s
(2021) professional learning model is institutionally sanctioned cross-disciplinary and
collaborative initiative that involves structured shadowing of colleagues, created to
support the professional growth of both novice and experienced science university-
based teacher educators. Finally, the model for professional learning opportunities in
Triantafillou et al.’s (2021) study comprised meetings of university-based mathematics
and science teacher educators with the goal of devising a common agenda for ways of
supporting mathematics and science teacher collaboration.

All three papers that include a focus on the professional growth of practice-based
teacher educators were rooted in a partnership between a university and schools. Each
paper describes a professional learning model, developed and used at the authors’
respective institutes. The context for Lloyd et al.’s (2021) study was intended for
professional learning of both university- and practice-based teacher educators. Their
professional learning model was rooted in a professional development school (PDS)
partnership between a university and schools surrounding it, which involved weekly
meetings of the PDS teacher educators about the work of the partnership, facilitated by
the PDS Coordinator. Focusing on the professional growth of practice-based teacher
educators, the professional learning models in Borko and colleagues’ and Venkat and
Askew’s (2021) papers comprised formal sessions, with the goal of preparing and
supporting practice-based teacher educators in conducting similar PD sessions for
teachers.

Conclusion

As demonstrated earlier, the professional growth of mathematics and science teacher
educators is an under-researched area. To address the need for quality educational
experiences for mathematics and science teachers in their learning to teach or develop
their teaching, much research is still needed into those educating teachers in these
disciplines. This special issue on “Science and Mathematics Teacher Educators and
their Professional Growth” seeks to address this goal.

The seven research papers included in this issue are the outcome of a rigorous
review and selection process of 109 proposals of papers we received in response to the
open call we widely disseminated. Out of the 109 proposals, about one-half of the first
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author’s affiliations were from North America (53, with 49 from the US), about one-
fourth from Europe (25), and about one-fourth from all other continents: Asia (15),
South America (7), Australia/Oceania (6), and Africa (3). More than one-half of the
paper proposals (62) came from countries where English is the national language—in
line with the above-mentioned claim 2 regarding the dominance of research in countries
where English is the national language in the literature on mathematics and science
teacher education (Adler et al., 2005; Gellert et al., 2012). This is reflected in the
collection of papers in this issue.

Most of the paper proposals we received—about two-thirds (72)—focused on the
professional growth of either mathematics or science teacher educators (47 and 25,
respectively). About one-third (37) of the proposals focused on both disciplines, either
as two distinct disciplines (23) or as interconnected (14). This, again, is reflected in the
collection of papers in this issue. With the growing interest in STEM education in general
and in STEM integration in particular (e.g., Li et al., 2020) the collection of the papers in
this issue provides important information regarding the complexity involved in the work
of teacher educators who educate prospective and practicing teachers of STEM subjects.

The seven papers in this special issue showcase different approaches researchers
used to study the professional growth of mathematics and science teacher educators.
Overall, the collection of the papers provides insights into the current state of research
about this issue. It presents innovative programs and provides the reader with note-
worthy research results. This special issue demonstrates the considerable progress our
research community has made with respect to the professional growth of mathematics
and science teacher educators in the last decade.

It is a sign of maturity of a field of social research when it not only investigates the
growth of others—in the field of education, in particular students and teachers—but
also their own actions, in a systematic and theory-driven way. Teacher educators,
involved in working with prospective and practicing teachers, need not only focus on
teachers’ growth, but also on their own growth, since their knowledge, beliefs and
actions (etc.) influence also teachers’ knowledge, beliefs, and actions (etc.). The fact
that in many such research endeavors teacher educators and researchers overlap,
increases the complexity of the social action, however, this is not a reason to avoid
such a research; on the contrary, it is an additional reason to increase our efforts.

Due to its complexity, the issue of teacher educators’ professional growth has and
will continue to have dozens of white spots regarding research. Of course, research on
teachers’ professional growth contributes new perspectives and ways to research related
to teacher educators’ growth. However, when even in teacher education research, an
explicit need for scaling up programs and studies in the context of teacher education is
expressed (e.g. Adler et al., 2005; Maaß et al., 2019), then the white spots regarding
teacher educators’ growth will even be larger.

This special issue provides good examples where teacher educators critically and
systematically reflect on their own growth, educate new teacher educators, and do
corresponding research. However, questions like these still remain: How can we extend
the number of proficient teacher educators in order to have enough human resources to
offer more and better professional development opportunities and to support schools
(their mathematics and science departments, etc.) to foster their focus on improving
mathematics and science teaching? And what can we do to support these teacher
educators in doing proper research related to their work as teacher educators?
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