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Abstract

Two exciting lines of research have emerged or have been expanded over the past two
decades in relation to the content and practice of mathematics teacher education. The
first concerns the attempt to theoretically identify and codify practices of teaching in
general, and core or high leverage practices, in particular. The second concerns the
identification of practice-based pedagogies of teacher education that may encourage the
teaching and learning of the latter practices. Reviewing key findings emanating from
research that has been undertaken since 2000 in these two realms of mathematics
education, we discuss the advances made in rendering practice a key aspect of
understanding and improving teaching and teacher education. At the same time,
adopting a critical stance, we point to challenges in conducting research in these areas,
including the lack of shared language, the absence of an agreed-upon suite of
methodologies to empirically examine theoretical arguments advanced in these areas,
and the need for stronger and more systematic empirical validation of the potential of
teaching practices and practice-based approaches to teacher education. In doing so, we
outline open issues worthy of investigation in the next decade in each line of research
separately and jointly.

Introduction

In his classic book, Schoolteacher, American sociologist Dan Lortie (1975) described
teacher isolation as one of the main impediments to teachers’ learning in and from
practice. Teachers, Lortie lamented, spend much time isolated from other adults, largely
interacting only with students. As a result, schools become sites for student learning and
only infrequently for teacher learning. For decades scholars have advocated
incorporating teacher learning into the work of teaching. Ball and Cohen (1999) called
for a practice-based curriculum in teacher education, a curriculum that sets critical
examination of the practice of teaching at its core. How teachers learn joined the
concern about what teachers need to learn with an argument that teaching “must be
learned in and from practice rather than in preparing to practice” (p. 12). For such
learning to take place, “professional development needs to be grounded in the actual
tasks, questions, and problems of practice” (p. 20).

Viewing practice as a potential cornerstone of teacher learning, has led to concerted
efforts to better understand the work of teaching and the practice-based environments
that can support teacher learning for over two decades now. Key to these efforts have
been attempts to not simply document the complexities of teaching but to codify and
explicitly communicate what is entailed in the work of teaching (e.g., Cohen, 2011;
Lampert, 2001). Lampert (2001) provides a comprehensive account of what teaching
entails and how its complexity can be managed. Along similar lines, Cohen (2011)
identifies questions to consider if teacher learning and consequently instructional



quality is to be improved: “What sort of an endeavor is teaching? What kinds of
problems must teachers solve, and how do they solve them? And what would it take to
solve them in ways that promote ambitious teaching and learning?” (p. 3).

Two decades after Ball and Cohen'’s call for a practice-based curriculum in initial teacher
training and ongoing professional development, analyzing practice has become a key
aspect of understanding and improving teaching and teacher education. Therefore, it
seems opportune to review what has been accomplished so far in this area of
mathematics education and to consider challenges and open issues for future research.
To do this we reviewed research published since 2000 on two cutting-edge lines of
research in mathematics teacher education. The first pertains to codifying and
understanding teaching practices that are learnable by teachers and teachable by
teacher educators, in the service of student learning; the second relates to identifying
practice-based pedagogies that facilitate the teaching and learning of such practices.

In what follows, we outline the methods pursued in identifying relevant literature. In
the next two sections, we focus on each strand - teaching practices and practice-based
pedagogies - discussing what has been accomplished and considering challenges and
open issues. We conclude by identifying issues and challenges for future research.

Methods

Figure 1 summarizes the steps taken to identify, annotate and synthesize relevant
literature. First, relevant databases and a set of keywords! were identified for initially
screening suitable sources, guided by clear inclusion and exclusion criteria. Peer-
reviewed journal articles, books and chapters, including only texts written in English
were sought. Conference proceedings and dissertations were excluded. Chapters from
key handbooks in the field2 were examined to complement the search. We skimmed
chapters of these handbooks, looking for themes related to teaching practices and
practice-based pedagogies. Attempting to be more inclusive, we included chapters that
referred to teaching practice(s), as well as chapters that pertained to teachers’ learning
in general. Finally, three books related to the themes were included: Lampert’s (2001)
Teaching Problems and the Problems of Teaching, Cohen’s (2011) Teaching and its
Predicaments, and Grossman’s (Ed., 2018) book on Teaching Core Practices in Teacher
Education.
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1 For the first strand, we included the keywords “practices,” “teaching practices,” “practices of teaching,”
“core (teaching) practices,” “high leverage (teaching) practices,” “instructional practices” along with

“mathematics”; for the second strand, we considered keywords such as, “approx[imat]* of practice,”

“represent* of practice,” “decomp[os]* of practice,” “signature pedagog*,” “practice-based pedagog*,”
“rehearsals”, along with “mathematics”. We did not include keywords such as “lesson study” or “video-
viewing”/”video- clubs” because, as we argue later, we consider them as being included under the
overarching umbrella of representations, decomposition and approximations of practice. Additionally,
including these terms would result in an even longer list of studies which would be hard to handle in this
chapter. We, however, point the reader to (review) studies focusing on these topics.

2 These included the fourth edition of the Handbook of Research on Teaching (2001), the Handbook of
Research on the Psychology of Mathematics Education: Past, Present, and Future (2006), the Second
Handbook of Research on Mathematics Teaching and Learning (2007), the four volumes of The
International Handbook of Mathematics Teacher Education (2008), the third edition of the Handbook of
Research on Teacher Education: Enduring Questions in Changing Contexts (2008), the fifth edition of the
Handbook of Research on Teaching (2016), and the third edition of the Handbook of International
Research in Mathematics Education (2016).
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Articles identified through Additional records identified
ERIC, Psychinfo, Scopus, & the through other sources

Web of Science 3 books, 6 chapters, and 9

(n=248) handbook chapters (n=18)

Excluded after initial screening

(n=100)
Additional Additional
records records
included while excluded
reading articles
and during the (n=22 articles)
review process

(n=5; 4 articles
and 1 chapter
from NCTM 2017
compendium)

Sources included in synthesis
(n=149)

(130 articles; 3 books, 6 chapters, 9
handbook chapters, 1 NCTM 2017
compendium chapter)

Annotation criteria:

focus of the source (teaching practices, practice-based pedagogies, both or none);

definition of practice provided, if any;

naming of certain teaching practices, if any;

identifying certain practice-based pedagogies;

research questions guiding the exploration (if any);

grade level(s) considered in the study;

particular student populations focused on the study

methodological information: study participants, country in which the study was conducted, setting

and context of the study with particular emphasis on the learning environments set for teachers’

learning, and data collection approaches (e.g., how the practices were observed or how long the

observations lasted);

i.  results that pertained either to the warrants against which certain practices were considered core or
high leverage (for more on these practices see below) or to evidence attesting to the fact that the
learning environments set for teacher learning and improvement were effective
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Figure 1. Flowchart of the literature search and annotation



Next, articles identified were screened. We worked independently, reviewing each
abstract and justifying decisions for inclusion or exclusion. Sources for which there was
agreement on their unsuitability were dropped; at least one vote for a source merited
its inclusion. Excluded were papers focused primarily on policy issues, teachers’ beliefs
about practice, teachers’ knowledge and motivation about teaching, measurement
approaches in studying instructional quality, and the role of technological
advancements (e.g., whiteboards) in improving instructional quality. We also excluded
documents without an explicit focus on mathematics and its teaching or generally if its
focus was tertiary education, thus limiting our review to pre-primary, primary, and
secondary education.? This initial screening resulted in dropping 100 articles.

Third, the identified resources were read and annotated. Each document was entered
on an Excel spreadsheet, recording the focal points that appear at the bottom of Figure
1. Following this step, 22 additional documents not meeting the criteria for inclusion
were excluded. In addition, four articles cited in the initial documents but not identified
in our search were included. As a result, our literature synthesis is based on 149
documents (marked with an asterisk in the reference list*).

Fourth, we read all articles and independently identified initial themes under two
categories: (i) Practices of teaching and (ii) Practice-based pedagogies in teacher
education (or combinations thereof). These initial themes were compared and common
themes were identified, clarified and refined. Where themes emerged that were not
common, agreement was sought on their inclusion or exclusion through discussion.
Common themes were chosen which were deemed to represent either advances made
in the fields under exploration or to suggest (explicitly or implicitly) open issues and
areas where additional work is needed. Having identified themes, we next sought
similarities and differences in the literature (e.g., what teaching practices have been
identified or what practice-based pedagogies have been studied so far; what evidence
exists about their contribution to either improving teaching quality and/or student
learning). Study features such as the teacher population, the context and the research
methods used further informed the chosen themes. Below, we present the themes that
emerged from this analysis organized into two main sections, one corresponding to
practices of teaching and the second pertaining to practice-based pedagogies in teacher
education.

Attending to Practices Entailed in Teaching:
Making Practice a Central Issue of Inquiry

This section is organized in five parts. First, we focus on issues around defining and
understanding practice(s), pointing both to the different ways in which this term has
been conceptualized, but also to the lack of shared language around defining this
concept. Next, we zoom in on scholarly work around defining and classifying core or
high leverage practices; third, we discuss the work of decomposing teaching to identify
such practices. Fourth, we attend to empirical evidence generated about how core or
high leverage practices contribute to student learning. In the fifth part, we consider how
practices (in general) have been classified and measured/assessed. In the final part, we

3 During the third stage of our search, we retained a couple of articles on tertiary education which were
deemed to contribute something innovative or illustrative to the field.
4In the reference list we also present six chapters in Grossman'’s edited 2018 book separately.



examine how issues related to equity and culture are interwoven in the discourse
around teaching practices.

Defining “Practice”

The term “practice” has been widely used in recent mathematics education literature.
But the term has many meanings, little consistency exists in how it is used, and explicit
definitions rarely accompany the term. One might infer that the meaning is implicitly
clear or that it can be deduced from the context in which the term is used. Or perhaps
the definition is elusive because its meaning is specific to contexts and “the meaning of a
practice comes from its use [italics in original] in a community and the value of that
practice in that community” (Staples, Bartlo & Thanheiser, 2012, p. 461). Given the
amount of literature generated around the term and its centrality to analyzing teaching
and organizing teacher education, more consistency in use of the term would likely help
advance this body of research.

Lampert (2010) attempted to “provoke” clarity (p. 21) in the field by investigating four
conceptions of practice. One conception of practice is that it involves implementing an
idea in a context and is different to having the idea; this is the commonly made
distinction between theory and practice. A second conception of practice is something
that is done repeatedly in order to improve performance in it, in the sense of how one
might practice playing tennis or the piano. Third, the practice of teaching includes
people who have adopted “the identity of a teacher” who have been “accepted as a
teacher” and who have taken “on the common values, language, and tools of teaching”
(p- 29). This meaning is often used in the context of a medicine or engineering practice.

A fourth meaning of practice, which is typically used in the plural form, practices, relates
to routines that are done “constantly and habitually” (p. 25) in the classroom. Other
scholars complement this definition, by pointing out that practices are performed by
“taking into consideration teachers’ working context, and their meanings and
intentions” (Maryono, Sutawidjaja, Subanji, & Irawati (2017, p. 12) and that they
require both professional judgment and the involvement of “meaningful intellectual and
social community for teachers, teacher educators, and students” (McDonald, Kazemi, &
Kavanagh, 2013, p. 378); we revisit these, themes later in the chapter. An example of
such a practice is orchestrating group discussions (Hatch & Grossman, 2009). It is this
fourth definition of practice that has become a topic of research interest for researchers
as part of a renewed interest in practice in teacher education (Zeichner, 2012).

Notwithstanding attempts by Lampert and others to bring clarity to the field, several
examples exist of multiple meanings of the term, sometimes even within a single
sentence, like noting that “successful enactment of these practices are [sic] typically
found only in isolated pockets of practice” (Rosenquist, Henrick & Smith, 2015, p. 43).
Elsewhere, Lerman and Zehetmeier (2008) use the term in several contexts:
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“researching practice”, “communities of practicing mathematics teachers”, “reflective
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practice” “how to organize a practice community”, “the time for teacher talk and student
practice went down”, “they often lack knowledge and practice regarding these new
issues”, and “the relationship of theory and practice” (see also Lai, Auhl, & Hastings,

2015; Lloyd, 2013; Mayrowetz, 2009). Such examples show how the term can be used as
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anoun, a verb or an adjective and the meanings can include performance, to be actively
engaged in a career, a way of learning (through reflection or interaction), to perform
repeatedly, experience, and apply.

In addition to multiple definitions of practice, a widespread reluctance to define the
term and lack of agreement among definitions of practice, the muddiness is
compounded by the use of other terms as quasi-synonyms for one or other meaning of
practice. Such terms include procedure (Maccini & Gagnon, 2006; Lloyd, 2013),
technique (Maher, 2008), strategy (Merritt, Palacios, Banse, Rimm-Kaufman, & Leis,
2017), and instructional decision (Shechtman, Roschelle, Haertel & Knudsen, 2010). The
term “task” has been used both as a synonym for practice (Russ, Sherin, & Sherin, 2015)
and as a sub-component of a practice (Sleep, 2012).

The meaning of practice used will depend on an author’s theoretical perspective. Our
intention is not to impose a definition of practice but to advocate care in articulating
what meaning of the term applies and the theoretical perspective which underlies it. In
this chapter we define practice as regular and habitual classroom routines engaged in
by the teacher (Lampert, 2010, fourth definition) in a particular community, requiring
professional judgment (McDonald et al, 2013). Specifically, we refer to practices known
as “core” or “high leverage.”

Focusing on Core or High Leverage Practices

Defining Practices as Core or High Leverage. One area on which researchers
have intensively focused is on identifying practices that are generative (Lampert 2010),
salient (Lampert et al,, 2013), fundamental (Santagata, 2005), foundational
(Shaughnessy & Boerst, 2018), core (McDonald et al, 2013; Shaughnessy & Boerst,
2018) or high leverage (Sleep & Boerst, 2012). The latter two terms are widely used,
often interchangeably even though nuanced differences exist - “core” refers to teaching
practices generally whereas “high leverage” focuses on practices that are worthwhile
for prospective teachers to learn.

Core practices have been defined as “identifiable components of teaching that teachers
enact to support learning. These components include instructional strategies, and the
subcomponents of routines and moves. Core practices include general and content-
specific practices” (Grossman, 2018, p. 184). General examples include “implementing
norms and routines for classroom discourse and work” (p. 165) “eliciting and
responding to student thinking” (p. 171),” (p. 165) and “providing feedback to students”
(p- 179). Subject-specific practices are, for example, “constructing and interpreting
models” in science (p. 179) and “selecting and adapting historical sources”, in history (p.
181). The definition, which was developed by the Core Practice Consortium® and likely
involved compromise and accommodation among group members, provides little
guidance for how a practice might be identified as core. For example, would
instructional strategies such as questioning, planning a lesson, or valuing diverse voices
and perspectives be included? Would they be classified as practices or subcomponents

5 This is a U.S.-based multi-institution, multi-disciplinary group of teacher educators who aspire to
achieve shared understandings around practices of teaching. See more at
https://www.corepracticeconsortium.com/.
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of practices? Ambiguity exists about the relationship between practices and
subcomponents of practice, routines and moves.

More specificity is provided by McDonald and her colleagues (2013) who cite the work
of Grossmann, Hammerness et al. (2009) and identify criteria that core practices might
share:

they occur with high frequency, they permit beginning mastery by novices, they
can be enacted by novices across different curricula or instructional approaches,
they allow novices to learn more about students and about teaching, they
preserve the integrity and complexity of teaching, and they are research-based
and have the potential to improve student achievement. (p. 277)

High leverage practices are conceived with an explicit focus on supporting prospective
teachers in learning to teach:

[T]hose practices at the heart of the work of teaching that are most likely to
affect student learning... [they] comprise the essential activities of teaching; if
teachers are unable to discharge them competently, they are likely to face
significant problems. Competent enactment of such practices also lays the
foundation for beginning teachers to develop into highly effective
professionals (Ball & Forzani, 2010/11, p. 43).

Among sample practices identified are eliciting and responding to students’ ideas
(Lampert et al., 2013; McDonald et al., 2013; Shaughnessy & Boerst, 2018; Sleep &
Boerst, 2012), organizing a mathematical discussion (Kosko & Wilkins, 2015; Tyminski,
Zambak, Drake, & Land, 2014), and providing instructional explanations (Kline & Ishii,
2008; Russ et al,, 2016).

Classifying Practices as Core or High leverage. For practices to be classified as
core or high leverage, they must be evidence-based or research-based (e.g. McDonald et
al,, 2013). Some studies attempted to link the implementation of specific practices to
student outcomes (see more on this below). For example, Webb and colleagues (2017)
found that teacher support of student participation influenced student participation
which, in turn, influenced student achievement. Lerkkanen and colleagues (2012)
compared how child-centered practices and teacher-directed practices affected
kindergarten children’s interest in reading. Greater interest was associated with
experiencing more child-centered practices and fewer teacher-directed practices.
Although practices observed in classrooms may be supported by research, that is not
universally true. Xenofontos (2016) found that some of the practices used by teachers
are not always optimal. One reported practice was lowering of expectations for what
immigrant students can achieve in mathematics class. The author criticizes this,
observing that the practice removes responsibility from the teacher.

Despite the definitions and criteria, and consensus on a handful of practices, identifying
definitive core or high leverage practices of teaching remains elusive. The lack of
consensus is evident in how practices are classified, how components of practices are
related, how lists of practices differ and in justifications for classifying them as core or
high leverage. Given that the criteria and definitions proposed above are relatively



recent, it is not unusual to witness variation in how the concept has been interpreted by
researchers working with different lenses, priorities, commitments, and experiences.
Nevertheless, identifying disagreements helps recognize where potential for consensus
exists and where differences are substantive. Resolving such differences will help move
the field towards Lortie’s aspiration of a “common technical vocabulary” (1975, p. 73), a
goal of the U.S. Core Practice Consortium (Grossman, Kavanagh, & Dean, 2018).

Decomposing Practice(s)

Core and high leverage practices are typically identified by decomposing the work of
teaching. Decisions need to be made about the scope of a practice; if naming a practice is
to be helpful, it cannot be too big or too small. Subsequently, practices themselves may
be further decomposed either for teacher education purposes or to map the terrain
more precisely. We first review studies that attempted to decompose practice(s) before
making suggestions for advancing such work in future.

Sleep and Boerst (2012) envisage domains of teaching that contain practices, and
practices of teaching which contain techniques that can be “specified, taught to, and
worked on by beginners” (p. 1039). Although technique is not explicitly defined, an
example is “checking whether correct answers are supported by correct reasoning” (p.
1039). “Assessing student thinking” is the example they give of one domain and
practices and techniques nested within that domain are shown in Figure 2. Even this
relatively straightforward decomposition of a domain of teaching, is decomposed in a
way that includes “nested practices of varying grain sizes” (p. 1039), some of which are
also known as subcomponents, and one technique.

Elsewhere Shaughnessy and Boerst (2018) classify eliciting, responding, and
interpreting as three “interactive” (p. 42) practices whereas Teaching Works® combines
two of them - eliciting and interpreting individual students’ thinking - into one high
leverage practice (Grossman, 2018). Shaughnessy and Boerst (2018) focus on the
“foundational” practice of “eliciting student thinking” and they identified four core
components of the practice that they expected preservice teachers to demonstrate: “(a)
eliciting the student’s process, (b) probing the student’s understanding of key
mathematical ideas, (c) attending to the student’s ideas, and (d) deploying other moves
that support learning about student thinking” (p. 45). Each component is associated
with moves that would make visible or not that component of performance. Moves are
“specific steps of talk that teachers take as they interact with students ... or particular
actions” (p. 45).

Elsewhere Sleep (2012) refers to tasks as subcomponents of “steering instruction
toward the mathematical point.” Although she classifies “steering instruction toward
the mathematical point” as part of the “work of teaching” rather than a practice of
teaching, her goal in the research is to decompose this aspect of the work of teaching
and to identify subcomponents of it.

6 See http://www.teachingworks.org/. Accessed on 1 December 2018.
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Assessing Student Thinking (Domain)

=)

Implementing Assessments (a subcomponent)

=)

Eliciting Student Thinking (a subcomponent)

=)

Posing Questions (a practice)

=

Probing Student Answers (a practice or a subcomponent?)

=

Checking if Correct Answers are Supported by Correct Reasoning (a
technique)

Figure 2. How techniques are nested within practices of different grain sizes which are
nested within the domain of “Assessing Student Thinking” (based on Sleep & Boerst, 2012).

Similarly when Tyminski and colleagues (2014) decompose the practice of organizing a
mathematical discussion, they draw on Smith and Stein’s work (2011) as “one way to
accomplish the decomposition of a complex practice” (p. 468) into the five practices of
anticipating, monitoring, selecting, sequencing, and connecting. Tyminski et al. imply
that practices are nested within other practices. Santagata and Yeh (2014) are also
interested in instructional conversations, but they focus on how student thinking is
made visible. Their decomposition of the practice is presented at three levels of
sophistication: low (student thinking is minimally visible or not visible), medium
(student thinking is visible) and high (student thinking is both made visible and probed
further).

Briefly surveying how practices are decomposed illustrates the lack of consistency
around language, definition, detail, and grain size. Comparing lists of practices
articulated by different institutions and collaborators (see appendices in Grossman,
2018) confirms this finding. Such differences and lack of consistency may be
symptomatic of a field in exploratory mode regarding practices of teaching and practice-
based approaches to teacher education. Indeed, if consensus is to be achieved, it will
likely take time. Yet, given the green shoots of research currently visible, researchers in
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the field could strive for more consistency when studying similar practice-related ideas.
Little or slow progress seems likely unless the fruits of collaboration among practice-
focused research groups in the United States (Grossman, Kavanagh, & Dean, 2018),
become more evident in that country initially, because much of the impetus for this
work is sourced there. Building a common technical vocabulary among researchers and
teacher educators across and beyond the United States poses additional challenges.

Although decomposition is necessary for understanding the work of teaching and
making it teachable and learnable, focus must remain on the bigger picture and the
complexity of teaching. Therefore, we encourage more researchers to attend to both
aspects—decomposition and recomposition of practices (Sleep, 2012)—showing how
prospective and practicing teachers can be helped to study and learn individual
practices, and the practice of teaching in general.

Empirical Evidence on the Contribution of High leverage or Core Practices to
Student Learning

Most definitions of core or high leverage practices aspire to improve student learning.
Ball and colleagues (2009) claim that “proficient enactment of [such practices] by a
teacher is likely to lead to comparatively large advances in student learning” (p. 460).
The Core Practice Consortium identifies practices that constitute “strategies, routines,
and moves that can be unpacked and learned by teachers to support student learning”
(cited in Grossman, et al., 2018, p. 4), while Grossman, Hammerness, & McDonald
(2009) argued that these practices are research-based and can improve student
achievement. We now consider empirical evidence that these practices support student
learning, purportedly through improving teaching quality.

Defining practices remains a problem in reviewing such evidence. First, studies that
explore how practices of teaching contribute to student learning do not necessarily
identify these practices as such—let alone call them core or high leverage; instead they
refer more generally to different instructional aspects or teaching factors. Second,
several other studies implicitly or more explicitly cluster individual strategies or
teacher techniques under the term “teaching practice(s)” without, however, having the
features that teaching practices, as defined above, are expected to have. Acknowledging
such complications, the brief literature review that follows aims to highlight certain
topics instead of providing a comprehensive account of what has been accomplished in
the field.

Interestingly, few studies provide empirical evidence supporting the contribution of
these practices to student learning. Most studies that provide such evidence were
published during the last decade and pertain to kindergarten and primary-school
grades (e.g., Bargagliotti, Gottfried, & Guarino, 2017; Blazar, 2015; Bottia, Moller,
Michelson, & Stearns, 2014; Cohen, 2018; Firmender, Gavin, & McCoach, 2014; Ing et al,,
2015); much rarer are studies focusing on secondary grades (e.g., Charalambous &
Kyriakides, 2017; Fyfe & Rittle-Jonhson, 2017). Scholars seem to have followed
different data-collection approaches when examining teaching practices, ranging from
live or videotaped classroom observations (e.g., Blazar, 2015; Cohen, 2018 Firmender et
al,, 2014) to teacher self-reports (e.g., Bargagliotti et al., 2017; Bottia et al., 2014), and
student surveys (e.g., Charalambous & Kyriakides, 2017). Although pursuing a suite of
methodological approaches in studying this effect is both desirable and necessary, given
the complexity of teaching, scholars are rarely explicit about the affordances and
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limitations of their chosen evaluative approach(es) and the decisions that guided their
selections. Explicitness around such matters is critical for making more compelling
arguments about incorporating the practices in initial and in-service teacher education
(see similar arguments in Praetorius & Charalambous, 2018).

Although some negative or non-significant effects have been identified (e.g., Bargalliotti
et al,, 2017), most studies reviewed provide encouraging results suggesting that
different practices such as teacher modeling (Cohen, 2018), providing feedback (Fyfe &
Rittle-Johnson, 2017), questioning and structuring (Charalambous & Kyriakides, 2017),
practices encouraging productive dialogue (Webb et al., 2017) or immersing students in
rich and cognitively challenging learning environments (Blazar, 2015) are positively
associated with student achievement or learning. The promise of combining teaching
practices that cut across different subject matters—often called generic practices—with
mathematics-specific practices in explaining student learning has also been empirically
suggested (Charalambous & Kyriakides, 2017). Charalambous & Kyriakides drew on
data from the TIMSS 2011 and 2015 cycles and showed that a higher percentage of the
unexplained variance in student learning could be explained when combining practices
as opposed to when considering generic or content-specific practices in isolation.
Interestingly, this percentage seemed to vary across different countries, thus calling for
a deeper exploration of the mediating role that different contextual factors might have
on the association. Pointing to a missing link between teaching practices and student
learning, another recent study (Ing et al., 2015) examined the role of student
participation in mediating the relationship between teacher support and student
learning. The authors advocate attending to both teaching and student participation to
understand how teaching can affect student learning.

Despite such work on studying associations of core or high leverage practices with
student learning, significant outstanding matters require consideration. First, in line
with other scholars (Ball & Forzani, 2009; Hlas & Hlas, 2012), more concerted efforts
are needed to empirically validate the contribution of these practices to student
learning. The evidence generated to date seems thin and unsystematic. This could be
addressed by developing a common lexicon and framework for describing and
analyzing instruction (cf. Grossman & McDonald, 2008) and seeking consensus on a set
of core practices considered important for teaching in general and for teaching
mathematics in particular. Achieving such a consensus would be a substantial
achievement.

Should such a consensus be achieved, it would create the possibility of explicitly
investigating how these teaching practices influence student learning. This is
particularly important because without clearly articulating specific hypotheses around
the mechanisms through which teaching practices can affect student learning,
developing and implementing research designs that lend themselves to capturing these
effects seems difficult. Along with Hlas and Hlas (2012), we believe that the scholarly
community could agree on what constitutes empirical evidence in investigating the
aforementioned association and on what methodological designs might better lend
themselves to generating such evidence. Although classroom observations are often
viewed as the gold standard in exploring instructional quality (cf. Douglas, 2009),
multiple approaches may more effectively capture how instruction contributes to
student learning. These methodological considerations also need to be informed by a
broad conception of student learning that moves beyond the cognitive outcomes to also
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include other forms of learning, such as affective and meta-cognitive outcomes (cf.
Reynolds et al., 2016).

Ing and colleagues (2015) point to another critical issue. By overemphasizing the role of
teaching practices and the opportunities teachers craft for student learning, as a
research community we run the risk of missing a crucial link in the chain connecting
teaching and student outcomes: how the students themselves respond to opportunities
crafted for their learning. In fact, a recent synthesis of different classroom observation
instruments (Praetorius & Charalambous, 2018) revealed that what teachers do or how
they interact with their students is valued over closely attending to students’
participation and the extent to which students’ avail of opportunities to learn.

Finally, different contextual factors (e.g., available curriculum resources, instructional
approaches followed, school-level or system-level factors) can have a mediating role on
the association between teaching practices and student learning. One characteristic
identified by Grossman, Hammerness et al. (2009) is that these practices can be enacted
in classrooms across different curricula or instructional approaches. However, the
impact that such curricula or instructional approaches can have on the effect of these
teaching practices remains an open issue. Coupled with Charalambous and Kyriakides’
(2017) findings suggesting differences across countries and educational systems on the
effect of generic and content-specific practices on student learning, such explorations
seem imperative.

Our review has so far been focused on core and high leverage practices. Because many
studies focus on practices of teaching without identifying them as such, we now
consider these studies briefly, while discussing issues of measuring/exploring them.

Classifying and Measuring “Practices” as Other Than Core or High leverage

How Practices are Classified. In addition to core and high leverage practices,
authors categorize practices of teaching in multiple and sometimes nuanced ways.
Several researchers refer to the idea of best practices, either on the basis of research
warrants (e.g. Eddy, Converse & Wenderoth, 2015) or based on teachers’ selection of
artefacts to represent their teaching at its best (Silver, 2010). Lampert (2010) sees a
problem with borrowing this term from the business world because reference to “best
practice” raises the question of what goal the practice is best for achieving and what
evidence supports a practice’s designation as “best.”

Frequently, practices are designated as “instructional” (e.g. Lee, Walkowiak, & Nietfeld,
2017; Silver, 2010; Swars, Smith, Smith & Carothers, 2018). Lloyd (2013) defines
instructional practices as “those that necessitate critical thinking, reasoning, high levels
of abstraction, and problem solving” (p. 107) and she distinguishes them from
social/emotional and management practices. Coming with an interest in teaching
mathematics to students with learning disabilities, Maccini & Gagnon (2006) define
instructional practices as being “both empirically validated and recommended practices
for teaching math” to students with learning difficulties or emotional and behavioral
difficulties (p. 218) and the requirement for empirical validation is echoed in many
articles.

Many authors contrast types of practice, like reform-based and traditional (e.g.,
McCaffrey et al., 2001; McClintock, O’Brien & Jiang, 2005; Suurtamm, Koch, & Arden,
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2010), teacher-directed and student-centered (Morgan, Farcas & MacZuga, 2015), and
high press and low press (a term taken from Kazemi & Stipek, 2001 by Webb et al,,
2009). Culturally responsive practices have also been identified (e.g. Ukpokodu, 2011).
Culturally responsive practices are derived from culturally relevant or culturally
responsive pedagogy and propose that all students experience academic success,
develop or maintain cultural competence, and develop critical consciousness through
which the current social order can be challenged (Ladson-Billings, 1995). Cultural
practices will be discussed further below.

A more specific kind of practice, responsive classroom, is studied by Ottmar, Rimm-
Kaufman, Larsen and Berry (2015). Responsive classroom refers to “a set of principles
and practices for integrating social and academic learning across the school day,
creating classroom management processes well aligned with children’s social and
emotional needs, and fostering a caring and responsive environment for students” (p.
792).

Other researchers avoid using the term practice. Webb and colleagues (2017) use the
term (teacher) “move” or “intervention” where others might use “practice.” Examples
include “help students formulate their own ideas and consider others’ perspectives” (p.
3), “asking students probing and clarifying questions” (p. 3) and “’positioning’ students
as capable participants (p. 7).

Measuring and Assessing Practices of Teaching.” Several instruments have
been used by researchers to study or identify practices of teaching, each with their own
conception of practices of teaching. The instruments include the Standards-based
Learning Environment Protocol developed by Tarr et al. (2008) to observe students,
teachers, lessons and their interactions (used by Swars et al, 2018); the Classroom
Observation and Analytic Protocol developed by Horizon Research (2000) which is an
observational tool in which the observer judges the lesson according to design,
implementation, content and culture before assessing the lesson’s likely impact on
student learning; the Classroom Practices Observational Measure (CPOM) developed by
Abry and colleagues (2010); and the Early Childhood Classroom Observation Measure -
ECCOM (see Lerkkanen etal, 2012). In this instrument, observers rate management,
climate and instruction in classrooms under two broad headings of child-centered
teaching practices and teacher-directed teaching practices.

Articles that document measures of teaching practices are typically explicit in
identifying the practices, even if the practices sometimes consist of a single word and
lack the detail or nuance contained in lists of core or high leverage practices. The
Teaching Practices Inventory was designed for use on university mathematics and
science courses and it measures the extent of practices rather than the quality of their
implementation, something that is more difficult to measure (Wieman & Gilbert, 2014).
[t identifies two categories of practice: Practices that support learning (such as

7 Here we focus only on the (classroom observation) instruments that refer explicitly to measuring
teaching practices. Over the past two decades several other instruments have been developed to
measure certain instructional aspects, without, however, identifying them as teaching practices. For a
review of these instruments see Praetorius and Charalambous (2008).
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knowledge organization, long-term memory and reducing cognitive load, motivation,
practice, feedback, metacognition, and group learning) and practices that support
teacher effectiveness (such as connecting with students’ prior knowledge and beliefs,
feedback to instructors on their effectiveness, such as mid-course evaluations or
repeated feedback from students, and gaining relevant knowledge and skills). Another
instrument for studying teaching practices in large university classes is the Practical
Observation Rubric to Assess Active Learning - PORTAAL (Eddy et al., 2015). It
measures teaching along the dimensions of practice, logic development, accountability
and reducing apprehension.

Shaughnessy and Boerst (2018) documented an innovative approach to assessing
practices. Faced with the challenge of fairly and consistently assessing the practice of
prospective teachers when real children responded in various ways, the authors
adapted an idea from medicine, the “standardized patient” and developed the idea of the
“standardized student.” When assessing the practice “eliciting student thinking,”
prospective teachers interacted with an adult who was scripted to respond to tasks in a
way many students might respond, thus presenting consistent challenges for the
teachers who were being assessed. Such an approach, though time-consuming was
innovative; each prospective teacher received a similar challenge in a setting where
they were required to act as teachers rather than write about teaching. Such approaches
suggest that in the future, classroom observations may be complemented by other
innovative ways to better capture teachers’ capacity to implement such teaching
practices.

We close this section by discussing attempts to interweave the exploration of teaching
practices with issues of equity and culture. Albeit short, this discussion is deemed
necessary since it documents scholarly awareness about the fact that teaching needs to
serve students with diverse needs and capabilities and that teaching constitutes a
cultural activity (Stigler & Hiebert, 1999).

Interweaving Issues of Equity and Culture in Exploring Teaching Practices

Practices to Promote Equity. Students may be considered marginalized in
schools for many reasons (e.g. bilingual students, students of color, students with
learning disabilities). Hence Gutiérrez (2002) provides a definition of equity practice.
She proposes a reorientation for how practices should be viewed in relation to equity
concerns, and she specifies questions to be addressed by researchers in this area. In
particular, equity practice refers

to the practice enacted between teachers, students, and mathematics that
empowers students to (a) develop proficiency in dominant mathematics, (b)
develop critical stances and new perspectives on the relationship between
mathematics and society, and (c) contribute toward a positive relationship
between mathematics, people and society in ways that erase inequities on this
planet (p. 174).

Although this conception of equity practice expects students to become competent in
dominant mathematics, it also envisages students adopting a critical stance towards
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what has been called an understanding of mathematics as “an exclusively European
product” (Dowling, 1998, p. 3). In this expression Dowling is referring to a eurocentric,
elitist view of mathematics and mathematics education that is promulgated by school
mathematics and school mathematical texts in particular, despite the contention in
mathematics education literature that mathematics features centrally in all human
cultures.

In a study of two classrooms where English language learners made high achievement
gains, Merritt and her colleagues (2017) found that the teachers used multiple
representations of concepts, they emphasized the building of mathematical vocabulary,
both checked frequently for understanding and spent time analyzing students’ errors. In
both classrooms students spent relatively little time in small group discussions and the
researchers were surprised that neither teacher connected the mathematics to
students’ everyday lives. Perhaps, they hypothesize, teachers were focusing on
preparing students to do decontextualized tasks similar to those they will encounter on
high-stakes tests organized by the district.

These findings largely echo those of an earlier, similarly small study of three teachers
where the more successful teachers with high numbers of Latino students were those
who moved through the lesson more slowly, alternating whole class time with
individual/small group time, who built on student contributions when introducing new
mathematical vocabulary, and who responded explicitly to errors (Zahner et al.,, 2012).

In an essay about supporting English language learners®’ learning of mathematics,
Moschkovich (2013) recommends four practices all based around language. Instead of
focusing on accurate language or single words, teachers should focus on mathematical
reasoning and mathematical practices; teachers should support students in engaging in
complex mathematical language; and students’ home languages should be seen as
resources and not obstacles to their progress in mathematics. Jackson and Wilson
(2012) reviewed mathematics education research from 1989 to 2011, to identify
instructional practices that are particularly conducive to African American students’
learning. A key finding of their work was that current research supports only the
identification of broad principles for teaching these students and the authors advocate
continued investigation of practices of teaching that, with other factors, may enhance
student learning.

Several authors make recommendations about how students with learning disabilities
can be supported in learning mathematics (e.g. Maccini & Gagnon, 2006; Mayrowetz,
2009; Spooner et al., 2017). Spooner, Saunders, Root, and Brosh (2017) look at an
“evidence-based practice for teaching mathematical problem solving to students with
learning disabilities” called schema-based instruction. This practice has four
components: make the problem accessible (e.g. through interactive read-alouds of story
problems or meaningful and motivating contexts); make the problem conceptually
comprehensive by providing graphic organizers and by sequencing problems from

8 The term “English Language Learners” refers to students whose first language is not English and
includes those both with early and considerable proficiency in the language (Lacelle-Peterson & Rivera,
1994).
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easier to more difficult types; solve the problem procedurally; and generalize in several
ways. Mayrowetz (2009) looked specifically at the treatment of tasks in inclusive
classrooms with high incidence of students with special needs. Although teachers
helped students on a one-to-one basis, it was rarer for teachers to modify their
instruction for students with disabilities. Documenting how practices are inclusive of all
learners will greatly enhance research and practice in this area.

Practices of Teaching as Cultural Artefacts. Much has been written about the
cultural nature of teaching (e.g. Stigler & Hiebert, 1999; Stylianides & Delaney, 2011)
and the impact of culture is evident in the literature about practice. This phenomenon
refers to both differences in teaching across cultures and to how mathematics teaching
is largely influenced by the culture in which it is applied. We elaborate further on each
of these in relation to the articles reviewed.

Santagata (2005) compares the mistake management sequence in Italy and the United
States and finds that whereas US teachers tend to move on from mistakes quickly,
[talian teachers more typically asked students to correct their errors, often with support
from the teacher. Although Santagata does not call the “mistake management sequence”
a practice, it might be deemed the product of a practice in countries where it is used or
it may require the naming and identification of related, nuanced practices in line with
priorities in a given country. Lan and colleagues (2009) studied classroom practices in
China and the United States. They found that practices associated with higher
performance in China (e.g. large-group instruction) are not inherently effective but that
other factors are related to effective practice such as student behavior and how lessons
are enacted. “Whole-class instruction” is not necessarily a practice in itself, and is
certainly not a reliable term across cultures, because it is enacted differently across
countries: promoting active engagement in China versus primarily lecture time in the
United States.

Wager (2012) identified four practices in which teachers engaged to help students in
schools with large numbers of ethnic minority students connect their everyday lives to
school mathematics. First was using students’ out of school experiences as contexts for
word problems. Second was relating cultural activities to school mathematics (e.g.
mathematics of nutrition; fractions and cooking). Third was encouraging students to use
informal strategies— often different to those used in school—to solve problems such as
purchasing food for the family. Fourth, the classroom was used as a site of culture (e.g.
modelling a daily store, studying butterfly migration to Mexico and money from around
the world).

When identifying practices of mathematics teaching, although overlap likely exists in
practices from one country to another, some practices will be country- or culture-
specific. Furthermore, practices that acknowledge and value the diverse backgrounds of
all students as a foundation for fostering their mathematical achievement must be
included when practices are identified.

Given the current widespread interest in practices of teaching, it may be timely for the
field to strive to agree on a conception of what a practice of teaching is. This could lead
to mapping teaching through its practices, the description of categories of practice -
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such as “core” and “high leverage” - and their relationship with domains, tasks,
techniques, and subcomponents of practice. The extent to which practices are general or
subject specific could be explored, as could their grain size. Means of evaluating the
impact of using classroom practices on student learning could also be identified.
Practices need to be articulated in a way that include students with disabilities and
members of ethnic or linguistic minorities. Some practices are likely to be specific to or
different in particular countries or cultures. In order to avoid practices being viewed as
thoughtless routines, the exercise of teacher judgment in practices needs to be studied
and highlighted in response to how McDonald et al. (2013) include this as a criterion.
Similarly, the community-basis for adopting, implementing, and evaluating practices
merits further study.

Practice-Based Pedagogies:
Making Practice a Central Source of Teacher Learning

In this section, we focus on pedagogies that have the potential to foster teacher learning
and which put teaching practice at the core. We first explain what is meant by practice-
based pedagogies and we justify our decision to focus on representations
decomposition, and approximations of practice, as an overarching umbrella covering
such practice-based pedagogies. We then provide specific examples of implementing
these pedagogies, and synthesize literature that explores their effectiveness in
promoting teacher learning. We conclude by identifying open issues that warrant
consideration as research on practice-based pedagogies accumulates.

Practice-Based Pedagogies: Focusing on Representations, Decomposition, and
Approximations of Practice

The terms practice-based pedagogy or practice-based teacher education have been used
in different ways to capture different approaches in teacher education (cf. Forzani,
2014). Despite the differences in use, the term mostly emphasizes the importance of
engaging prospective and practicing teachers not in theoretical discussions around
practice, but in enacting practice as a means of learning to teach. Realizing the
limitations of traditional approaches in helping prospective teachers and novice
practicing teachers learn to do (rather than to think about) the complex work of
teaching (Forzani, 2014; Grossman, Kavanagh, & Dean, 2018; Grossman & McDonald,
2008; McDonald, Kazemi, & Kavanagh, 2013), the field of teacher education has recently
witnessed a shift, turning away from an intense focus on the knowledge needed for
teaching to the use of this knowledge in practice. As Grossman and colleagues (2018)
suggest, this increased emphasis on practice was preceded by similar attempts in the
first half of the previous century (e.g., the Commonwealth Teacher Training Study, see
Forzani, 2014) and later in the 1960s and 1970s (competency-based teacher
education), which led to long lists of discrete skills that prospective teachers and novice
practicing teachers were expected to learn and practice. This reductive conception of
teaching shifted the pendulum to the end of teacher knowledge and judgment, from
which the field seems to gradually be departing (cf. Ball & Forzani, 2009; Gitomer &
Zisk, 2015). Examples of such shifts can be seen in the restructuring of the teacher
education programs, in the United States (see, for example, Ball, Sleep, Boerst, & Bass,
2009; Grossman et al., 2018), but also outside the United States [see, for example, Jao,
Wiseman, Kobiela, Gonsalves, & Savard (2018) for analogous efforts in Canada].
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Comparing professional pedagogies across three professions, Grossman and colleagues
(2009) developed a framework for the teaching of practice that includes three elements:
representations, decomposition, and approximations of practice. We now explain each
component and then explicate why we regard this framework as useful in capturing
different practice-based pedagogies.

Representations of practice are how practices of teaching are made visible to
prospective, novice or experienced teachers. Possible representations include records
of practice like videos of teaching, observations of live teaching, public lessons,
modeling teaching practices, classroom transcripts, lesson plans, student artifacts, case
studies about teaching, teacher narratives about teaching, and multimedia and
animated portrayals of teaching (Ball, Ben-Peretz, & Cohen, 2014; Danielson,
Shaughnessy, & Jay, 2018; Grossman et al., 2009; Han & Paine, 2010; Herbst & Kosko,
2014; McGrew, Aston, & Fogo, 2018). Different representations illuminate certain
aspects of teaching, while obscuring others. Therefore teacher educators must carefully
select representations to use, based on the purpose they are expected to serve (cf.
Lampert & Ball, 1998).

Decomposition of practice refers to partitioning the complex work of teaching and its
practices into identifiable, constituent parts. Teaching can be decomposed to identify
core or high leverage practices as detailed above and decomposition can be performed
at varying grain sizes. Decomposing practice allows for targeted instruction and
scaffolding to help teachers learn and improve aspects of teaching. As Grossman and
colleagues (2009) note, “By decomposing complex practices, professional educators can
help [prospective teachers] learn first to attend to, and then to enact, the essential
elements of practice” (p. 2069). In essence, decomposition is useful for developing
professional vision (cf. Goodwin, 1994), and for enacting practice in environments that
support experimentation with and reflection upon different components of teaching.

Approximations of practice, the third pillar of the framework, refer to creating safe
environments for prospective or novice teachers to practice teaching with high degrees
of support. By reducing complexity and focusing teachers’ attention on specific aspects
of teaching, approximations create productive spaces for experimentation and
deliberate and substantive reflection on teaching. Equally important, they “reduce the
error in the field”, while still helping teachers to focus on “high-stakes practices”
(Grossman et al., 2009; p. 2091). Approximations are used widely in other professions
like medicine, dentistry, law, and pilot training (Schutz, Grossman, & Shaughnessy,
2018). In teacher education they can take different forms, including role plays (Schutz
et al., 2018), replays (Horn, 2010), rehearsals (Ghousseini, 2017; Horn, 2010; Kelley-
Petersen, Davis, Ghousseini, Kloser, & Monte-Sano, 2018), microteaching (Cheng, 2017;
Hong & Chai, 2017; Lai et al., 2015), simulations of practice (Charalambous, 2008), field
placement teaching, fishbowls, co-teaching, and processing pauses (Schulz et al., 2018) .
These forms differ in their level of authenticity.

Admittedly this framework cannot encompass all different forms of practice-based
pedagogies. For example, although it does create a space for teacher collaboration and
learning, it does not necessarily capture the complexity of such collaborations, as
manifested in communities of practice (e.g., Jaworski, 2006; Sowder, 2007). However, it
can serve as an umbrella for different other professional development approaches,
some of which have become particularly popular in the last two decades, such as lesson
study (see Huang & Shimizu, 2016 for a systematic review) and video viewing in general
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(see Gaudin & Chalies, 2015 for a review) or video clubs, in particular (e.g.,
Charalambous, Philippou, & Olympiou, 2018; Russ et al., 2015; Sun & van Es, 2015).°
Hence, although Grossman and colleagues’ (2009) framework cannot comprehensively
capture existing work on practice-based pedagogies, it offers a good heuristic for
capturing three components of such pedagogies that are present to a greater or lesser
extent in pedagogies that render practice and its enactment at the core of teacher
professional development.

Examples of Incorporating Practice-Based Pedagogies in Teacher Education
Programs

Over the last decade teacher education programs have introduced or reported on
practice-based pedagogies. Some efforts are programmatic, involving restructuring an
entire teacher education program; others involve revamping individual courses (cf.
Cantun, Schutz, Kelley-Petersen, & Franke, 2018). Common to all such efforts is the
identification of core or high leverage practices, which are represented in various ways,
decomposed systematically, and approximated in controlled settings.

A programmatic level example is the systematic redesigning of the undergraduate
program at the University of Michigan to center it more on practice (see
TeachingWorks, http://www.teachingworks.org). Faculty from the University have
collaborated with practicing teachers and graduate students to identify a set of high
leverage practices that cut across different subjects. Following these year-long efforts,
19 such practices were generated, including leading a group discussion; eliciting and
interpreting student thinking; specifying and reinforcing productive student behavior;
and setting long and short-term learning goals for students (see Grossman, 2018, pp.
164-169 for a complete list). Following this decomposition of teaching, scholars
designed courses to immerse prospective teachers in analyzing representations of
teaching (as exemplified below) and in enacting certain elements of these practices in a
heavily scaffolded environment. A similar endeavor was undertaken under the
University of Washington Accelerated Certification for Teachers (U-ACT) initiative,
which resulted in restructuring two graduate-level teacher education programs around
seven core teaching practices, including orienting students to each other ideas,
orienting students to the content, and assessing student understanding (see Grossman,
2018, pp. 170-173 for a list of these practices).

At course level, several initiatives have been undertaken by individual or small groups
of faculty members, often within the same disciplinary area (for such examples see
Cartun et al,, 2018, pp. 109-133). Our review yielded several examples of how teacher
educators have capitalized on the idea of representations, decomposition, and
approximations of practice to restructure their teaching programs (e.g., Ball et al., 2009;
Boerst, Sleep, Ball, & Bass, 2011; Erickson & Herbst, 2018; Ghousseini, 2015; Ghousseini
& Herbst, 2016; Ghousseini, 2017; Herbst, Chieu, & Rougée, 2014; Horn, 2010;
Shaughnessy & Boerst, 2018; Tyminski, Zambak, Drake, & Land, 2014). We now review
two such examples which illustrate both the efforts invested in considering and
structuring such environments, and the several decisions involved in capitalizing on this

9 For example, lesson study can be considered an authentic approximation of teaching, since it occurs in
actual classrooms and it preserves the complexity of the work; at the same time, the videotaped or live
classroom observations that take part in the context of lesson study provide representations of the work
of teaching, which can then be decomposed according to the foci set in each lesson-study session.
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framework to inform the work. We highlight these examples because they explain
clearly how Grossman et al.’s (2009) framework was used, something that seems to be
the exception rather than the rule.

The first example pertains to a mathematics methods course for prospective elementary
schoolteachers designed at the University of Michigan (Boerst et al., 2011). This course
was revamped to emphasize four teaching practices: leading a classroom discussion;
planning mathematics lessons; assessing students' knowledge, skill, and dispositions;
and representing mathematical ideas. In the study the authors focus primarily on
leading a classroom discussion and provide a detailed account of how they decomposed
this practice into five identifiable components. This decomposition enabled the teacher
educators to design various opportunities to engage prospective teachers in gradually
learning this practice through approximations of practice. Specifically, prospective
teachers were initially supported to engage in asking purposeful questions; then, to
teach a "mini-problem" during field placement, and finally, to teach an entire
mathematics lesson. This nesting of earlier approximations into subsequent ones and
the gradual increase in complexity and authenticity allowed prospective teachers to
progressively immerse themselves in the focal practice. Prospective teachers' work was
scaffolded by representations of practice (e.g., videos of practice). In viewing these
representations, prospective teachers were provided with viewing lenses that enabled
them to focus their attention on specific aspects of teaching, starting narrowly, then
expanding the lens gradually to include more aspects of the relevant practice.

The second example pertains to a mathematics methods course intended for
prospective secondary school teachers (Ghousseini & Herbst, 2016). Although again
focusing on leading a classroom discussion, the teacher educators in this study followed
a different approach to that described above, thus illustrating another way in which
teacher educators have applied Grossman et al.’s framework of practice-based
pedagogies. The teacher educators began by representing a classroom mathematics
discussion in which the prospective teachers worked as students on a warm-up
problem and then discussed it as a whole class. One teacher educator deliberately
modeled some of the work involved in leading a discussion by enacting instructional
moves he wanted the prospective teachers to learn. This created a productive space to
decompose work entailed in leading a classroom discussion, something that was done in
collaboration with the prospective teachers themselves, who were asked to collectively
label and elaborate aspects of this work. Like in the previous study, this was followed by
different types of approximations of practice. First, the prospective teachers were given
a constructed dialogue between an imaginary teacher and her students around a
mathematical problem and were asked to complete the teacher lines in this dialogue
which had been purposefully erased. Next the prospective teachers’ rehearsed leading a
classroom discussion in a fishbowl setting. In the third approximation, prospective
teachers planned with their cooperating teachers to lead a classroom mathematics
discussion in their field placement.

These two examples illustrate the potential of such courses to support prospective
teachers in learning the work of teaching. They also typify the careful work needed in
developing such courses, given that different decisions need to be made at several
junctures, both when planning and when enacting and reflecting upon such efforts. In
what follows, we review the literature with respect to evidence accumulated so far
about the effectiveness of such practice-based pedagogies.
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Empirical Evidence on the Contribution of Practice-Based Pedagogies

In this part, we focus on studies that provide empirical evidence about the contribution
of practice-based pedagogies. Literature that discusses these issues theoretically or
documents the design of programs/courses (e.g., Ball et al., 2009; Boerst et al., 2011;
Grossman et al., 2009) were not considered. In addition to considering the evidence
generated in these studies, we discuss three other matters that help contextualize this
evidence: the opportunities afforded to teachers for enacting and reflecting upon their
(own) practice; the teaching practices considered; the participants engaged in these
studies; and the evidence generated with respect to (prospective) teacher learning.

Our review pointed to a notable variation in what is reported regarding the contribution
of practice-based pedagogies to teacher learning. Some studies (e.g., Han & Paine, 2010;
Tyminski et al., 2014) go into detail either illustrating how teachers’ work changed as a
result of participating in the practice-based learning environments or discussing the
mechanisms that seemed to facilitate participants’ learning (e.g., Horn, 2010). Other
studies (e.g., Averill et al.,, 2016; Ghousseini, 2017), however, either present prospective
teachers’ learning in broad strokes or largely remain silent on this issue. In general, no
common methodological framework seems to exist for guiding scholarly explorations
about what counts as evidence on the contribution of these environments to teacher
learning, let alone how this evidence needs to be generated and reported. These issues
represent open areas that ought to be considered in the next decade, especially since
work around practice-based pedagogies seems likely to grow. Scholarly attempts need
to produce stronger and more systematic validity evidence about the potential of these
practice-based approaches in supporting (prospective) teacher learning.

Given the emphasis on practice-based pedagogies, it is unsurprising that many studies
report extensively on environments that were crafted to support prospective teachers’
opportunities to enact practices of teaching (e.g., Averill, Drake, Anderson, & Anthony,
2016; Ghousseini, 2015, 2017; Schutz et al., 2018; Tyminski et al., 2014). Such reporting
is reasonable, given the new (or renewed) emphasis on practice-based pedagogies in
the past decade and scholars drawing on it have attempted to explicitly describe how
they capitalize on its affordances to support teacher learning. A critical component in
this reporting is the opportunities afforded to prospective teachers to reflect upon their
own teaching or that of their peers. In rehearsals, the key approximation of practice for
which empirical evidence has been generated, such opportunities are made available
through debriefs often accompanying the approximation, either with the prospective
teacher engaged in the rehearsal or with observers (see, for example, Averill et al.,
Ghousseini, 2015, Schutz et al., 2018). Studies that mostly focused on representations of
practice (e.g., Herbst & Kosko, 2014; Herbst et al., 2014) report on how these records of
practice facilitated eliciting different teacher ideas and beliefs about teaching. Despite
their significance, these latter studies provide a window into teachers’ thinking rather
than their actual experimentation with the work of teaching.

Another pattern emerging from this analysis concerns the teaching practices that have
been the focus of recent scholarly efforts. Interestingly, most of the works that provide
empirical evidence on practice-based pedagogies focus on just a single practice—
something not surprising given the publishing space restrictions. What is interesting,
however, is that most of these works focus on the practice of leading a classroom
discussion (e.g., Averill et al., 2016; Ghousseini, 2015; Ghousseini & Herbst, 2016;
Tyminski et al., 2014). The focus on this practice can be attributed partly to the fact that
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it represents a key component in several lists of core or high leverage practices and
partly because it has been significantly decomposed and elaborated on in the literature
(see, for example, Stein, Engle, Smith, & Hughes, 2008; Smith & Stein, 2011); it is also
considered core in attempts to offer students high-quality instruction that elicits and
builds upon their thinking (cf. Jacobs & Spangler, 2017). The focus on leading classroom
discussions implies that different manifestations of practice-based environments
around this practice have been generated, which enables their comparability. At the
same time, it represents a significant open issue for years to come, because examples of
other teaching practices are needed, to illustrate how practice-based pedagogies can be
implemented and to support teacher learning in other teaching practices.

Unsurprisingly, the participants engaged in these studies are exclusively prospective
teachers. The number of the participants reported in the studies, however, varies. In
some studies (e.g., Ghousseini, 2015) only a single teacher is considered; in other cases
(e.g., Averill et al.,, 2016; Ghousseini, 2017; Tyminski et al.,, 2014) many more
participants are presented. Each approach has its affordances and limitations: single
case studies provide the opportunity to document in more detail how the prospective
teacher interacted with the practice-based learning environment; what is left
unattended, however, is whether and how this environment actually functioned for the
rest of the participants. Studies that report on a large number of teachers unavoidably
report on the average, thus leaving the differential effect of such environments on their
participants open to further inquiry. Therefore, future work needs to strike a balance
between foregrounding individual cases and foregrounding the entire teacher sample.

Additional Open Issues and Possible Future Developments

Our review of literature on practice-based pedagogies surfaced additional open issues.
First, as already mentioned, although the framework considers learning to take place in
groups of teachers, more emphasis needs to be given to how these practice-based
pedagogies can support communities of practice (see, for example, Sowder, 2007, for a
discussion of such communities). Second, most of the extant studies apply the ideas of
practice-based pedagogies within a U.S. context. Although this is reasonable, given that
this is the context where the framework has been developed and given the current
emphasis on practice-based pedagogies in the United States, future studies ought to test
the applicability and transferability of these ideas in more countries and in different
educational systems. Such explorations will allow for examining the extent to which
certain contextual factors might impact on teacher learning; cultural adaptations of
these environments and the reasons that lead to them will be particularly interesting to
explore. Third, the matter of scaling needs to be examined. What has been reported so
far mostly concerns attempts undertaken at small scale pertaining to single courses or
even parts of these courses; as already mentioned, often times, the impact of these
approaches is reported only for a few teachers and for individual teaching practices. It
remains open to investigate the effect of larger-scale attempts (including more courses,
more practices, and more, as well, as more diverse teacher participants) on teacher
learning. Scaling up this effort will allow investigating of what is feasible resource-wise,
in terms of time, personnel, course/program structures, and budget. Finally, given the
over-emphasis placed on prospective teachers, a call is made for exploring the role of
such environments in supporting the learning of novice practicing teachers or even
practicing teachers at different stages in their career.
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In the next section, we briefly consider both areas—teaching practices and practice-
based pedagogies—and identify additional challenges and open issues for future
consideration.

Working at the Confluence of Teaching Practices and Practice-Based Pedagogy:
Other Challenges Warranting Consideration in the Future

Reflecting on the call to develop a practice-based pedagogy of teacher education, Peercy
and Troyan (2017) identify additional challenges, besides those listed above that need
to be borne in mind. Although coming from a different discipline (English Language
Arts), the challenges these scholars outline can inform mathematics education as well.
In particular, they recommend more transparency in how core practices are identified
and developed. Given that lists of such practices in mathematics education are fast
accumulating, as discussed above, this challenge needs careful consideration. The
second challenge is that rarely is the complexity inherent in designing and
implementing practice-based pedagogies made explicit. Hence, these scholars contend,
“Specificity and transparency regarding the enactment of practice-based pedagogy
across a number of disciplines would aid [teacher educators] in designing teacher
education with core practices as an organizing framework” (p. 34). Given the increased
emphasis on practice, these scholars warn that these practices might be divorced from
their theoretical underpinnings. They thus suggest helping prospective and practicing
teachers to focus on the work of teaching without, however, losing sight of the
theoretical background supporting certain practices. Another challenge relates to
combining practices of teaching with other aspects with which beginning teachers need
to be concerned such as textbooks as well as curriculum and behavior management.
Lampert and her colleagues (2013) advise that “practices, principles, and mathematical
knowledge must be used in relation to one another [italics in original] not in isolation”

(p. 228).

Finally, we are mindful that attempts to achieve more consistent use of language in
relation to practices of teaching and practice-based pedagogies are limited by current
economic and political circumstances. Teacher educators are constrained by what is
possible through budgets and university structures. Research teams are constrained by
research commitments which may be inconsistent with selfless collaboration (see
Zeichner, 2012 for a discussion of such constraints).

Conclusion

This study reviewed literature on two exciting lines of research in mathematics
education: teaching practices and practice-based pedagogies. The review suggests that
20 years after Ball and Cohen’s (1999) call to focus on practice and start developing
practice-based curricula, substantial scholarly advances have been made in this area, in
both breadth and depth. In particular, with respect to the former strand, concerted
efforts have been undertaken to decompose the work of teaching into identifiable
practices of varying grain sizes; and some attempts have been made to study the effect
of these practices on student learning. With respect to the latter strand, Grossman and
colleagues’ (2009) framework of representations, decomposition, and approximations
of practice appears to have offered some common ground; the last decade has seen
attempts to restructure teacher education programs by including elements of practice-
based pedagogies. Despite the rapidly accumulating work in both strands, several issues
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remain open: at a conceptual/theoretical level, at least more consistency in the language
used is needed; at a methodological level, the absence of an agreed-upon suite of
methodologies to empirically examine theoretical arguments advanced in these areas
results in studies that do not build on each other to produce cumulative knowledge. We
argue that stronger and more systematic empirical validation of the potential of
teaching practices and practice-based approaches to teacher education is needed,
something that appears to be one of the central open issues and challenges for the
future.

The challenges and open issues identified in this chapter and the promise of the work
produced to date underline the usefulness of continued, systematic, and more
collaborative work around these issues in the years to come, both within the United
States and internationally. In addition to continue decomposing teaching to identify
practices of teaching and developing practice-based pedagogies—and finding
productive ways of doing so— along with other scholars (e.g. Jabocs & Spangler, 2017)
we argue that this work ought to be directed toward more systematically exploring how
these teaching practices and their incorporation in practice-based pedagogies can
improve instructional quality and through that the learning of all students. Bearing in
mind the open issues and challenges, it seems that both strands of research examined
here offer substantial opportunities for ongoing work, when examined in isolation, but
more critically, when considered together.
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