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ABSTRACT
The article focuses on Teacher Time Outs (TTOs) in rehearsals and co-
enactments as part of a practice-based approach to professional
development, aiming to support teachers’ learning of ambitious
mathematics teaching. Ambitious teaching requires teachers to be
responsive to students’ ideas in-the-moment of instruction. This is
complex and places enormous demands on the teacher. We examine
how TTOs support teachers’ learning of ambitious teaching and their
development of pedagogical judgment. The findings reveal that the
TTOs provided opportunities for teachers’ collective learning of key
practices of ambitious teaching, and that the TTOs supported the
teachers’ collective pedagogical reasoning and decision-making in-the-
moment of teaching and with connecting pedagogical reasoning to
pedagogical actions and responsibilities.
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Introduction

Ambitious teaching is a complex endeavour that places enormous demands on the teacher. An
ambitious teacher elicits and is responsive to students’ thinking, orients students to each other’s
ideas, and uses student responses to guide the class towards deeper understanding of key mathemat-
ical ideas (e.g., Lampert et al., 2013). This requires continual learning about the subject matter, and
about how to facilitate student understanding and how to promote engagement and make learning
meaningful for particular students in particular contexts (Kazemi et al., 2018). As ambitious teach-
ing is grounded in students’ emergent ideas, it is crucial for teachers to learn to enact teaching prac-
tices that are thoughtfully responsive to students’ in-the-moment thinking (Richards & Robertson,
2015).

In their review of research on what is known about teachers’mathematical knowledge for teach-
ing and how this knowledge might be supported through professional development (PD), Hoover
et al. (2016) argue that mathematical and pedagogical perspectives should be coordinated in PD to
provide teachers with opportunities to learn in and from practice. However, few existing PD designs
are structured to support teachers to engage deeply with the complexity of in-the-moment decision-
making (Kennedy, 2016). In this article, we explore how a professional learning routine, called Tea-
cher Time Out (TTO), supports teachers’ learning of an ambitious mathematics instruction that is
thoughtfully responsive to students’ in-the-moment thinking. TTOs allow teachers to think out
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loud together in the moment during real-time instruction and discuss how the teacher might
choose to respond to student contributions and determine where to steer the instruction (Gibbons
et al., 2017).

Being responsive to students’ emergent ideas is one of the most challenging parts of ambitious
teaching (Richards & Robertson, 2015) and teachers need to practise with colleagues to learn this.
Kavanagh et al. (2020) argue that it is important to design approximations of practice to support tea-
chers’ learning of adaptive instruction. Moreover, Charalambous and Delaney (2020) argue that we
need research that explores the role of approximations of practice in PD, such as replays, rehearsals
and co-enactments. In this article, we focus on two kinds of approximations, rehearsals and co-enact-
ments, and we examine how TTOs in these approximations support teachers to learn ambitious
teaching and develop pedagogical judgment. We address the following research questions: (a)
What are the patterns of use of TTOs within rehearsals and co-enactments? and (b) In what ways
do TTOs in rehearsals and co-enactments provide complementary opportunities for teachers to col-
lectively learn the practices of ambitious mathematics teaching and develop pedagogical judgment?

Our work provides insight into how teachers work collectively to explore the complex demands
of in-the-moment instructional decisions in ambitious teaching. We aim to answer the research
questions by studying videos of rehearsals and co-enactments. The study is part of the larger Mas-
tering Ambitious Mathematics teaching (MAM) project, aiming at supporting teachers’ learning of
ambitious mathematics teaching. A unique feature of MAM is that it allows teachers the opportu-
nity to immediately try out new ideas with students.

Research on TTOs in Rehearsals and Co-enactments

Studies have investigated how teacher educators work with novice teachers in rehearsals and what
novice teachers have opportunities to learn (Kazemi et al., 2016; Lampert et al., 2013; Shaughnessy
et al., 2019). The findings are that rehearsals provide opportunities for novice teachers to engage in
the interactive work of teaching and in learning key ambitious practices and adaptive teaching while
developing knowledge, skills and identities. Ghousseini (2021) has shown how rehearsals afford
novice teachers the opportunity to engage in work that enlist mathematical knowledge for teaching,
where they have the opportunity to reorganise their mathematical knowledge for teaching and learn
when it is most applicable.

There are also some studies on rehearsals in the context of PD. Kavanagh et al. (2020) investigated
how rehearsals (their content, tasks, instructional routines and facilitationmoves) supported teachers
in being responsive to students’ ideas. They found that by constraining what teachers could approxi-
mate, for example by reducing teachers’ choices of task selection, they could better support teachers’
learning of adaptive instruction. Munson et al. (2021) showed how rehearsal debriefs might function
as a bridge between rehearsals and the complexity of teaching in the classroom. Previous studies
within MAM investigated how TTOs in rehearsals supported teachers’ learning of ambitious math-
ematics teaching (Valenta &Wæge, 2017;Wæge& Fauskanger, 2021).Wæge and Fauskanger (2021)
found that TTOs enabled learning situations for teachers to collectively learn key practices of ambi-
tious teaching and how to use them adaptively. The findings show that rehearsals were a setting
within which the teachers developed, negotiated and shared their understanding of ambitious teach-
ing, enabling them to work simultaneously on multiple practices in relation to each other.

There are few studies on TTOs in co-enactments in PD. Most of the existing research has exam-
ined how teachers, teacher educators and school leaders can learn key aspects of ambitious teaching
together through “Math Labs” as part of school-wide PD (e.g., Gibbons et al., 2017; Kazemi et al.,
2016, 2018). In Math Labs, the participants co-plan and co-enact lessons together. The findings
from a study conducted by Gibbons et al. (2017) show that TTOs in co-enactments afforded oppor-
tunities for the participants to make changes as the lesson unfolded and to shift the focus of inter-
actions from one of evaluation “to one of collective consideration and opportunistic
experimentation in the midst of teaching mathematics” (p. 29). Previous studies within MAM
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have examined how TTOs in co-enactments, embedded within learning cycles, support teachers’
collective learning of ambitious mathematics teaching (Fauskanger, 2019).

Although the body of research on rehearsals and co-enactments in the context of PD is growing,
we still know little about how TTOs in these two different approximations of practice, as part of a
learning cycle, work together to provide teachers with opportunities to learn. The aim of this study
is to shed light on this.

Theoretical Framework

We take a situative view on teacher learning, aiming to understand learning as it emerges through
participation in activity. We draw on Lave’s (1991) description of learning, thinking and knowing as
“relations among people engaged in activity in, with, and arising from the socially and culturally
structured world” (p. 67). From this perspective, teacher learning means developing the ability to
engage in particular communities of practice and developing identities. Moreover, we consider tea-
cher learning as non-linear and teacher professional growth as an inevitable and continuing process
of learning (Clarke & Hollingsworth, 2002).

Horn (2020) argues that a well-honed pedagogical judgment is crucial to the teachers’ practising
successful responsive mathematics teaching that is thoughtfully responsive to students’ in-the-
moment thinking. She claims that pedagogical judgment has three components: pedagogical action,
pedagogical reasoning and pedagogical responsibility. Pedagogical action refers to the intentional
and unintentional choices teachers make in their role as a teacher. Pedagogical reasoning refers
to the interpretations and rationales the teachers provide for these actions: the same action may
have different reasons, for example, a teacher may encourage students to collaborate because it is
emphasised in the curriculum, because he believes that student collaboration is important for stu-
dents’ learning and understanding or his action may be rooted in both reasons. Pedagogical respon-
sibility is about teachers’ sense of their institutional, ethical, legal and moral obligations. According
to Horn (2020), PD designs should support the teachers’ development of pedagogical judgment and
build explicit connections across pedagogical action, pedagogical reasoning and pedagogical
responsibility. MAM is designed to help elicit and engage teachers’ pedagogical judgment. The
learning cycle allows teachers to share their decision-making and reason about their teaching.

Principles and Practices of Ambitious Teaching

The MAM design is informed by a set of principles about ambitious teaching: designing instruction
for students to have equitable access to learning; positioning students as sense-makers; engaging dee-
ply with students’ thinking; and seeing teaching as both intellectual work and a craft. Moreover, tea-
chers must know their students, and be responsive to them in culturally appropriate ways
(Ghousseini et al., 2015; Kazemi, 2017). We organised the PD around the development of a set of
teaching practices that are identifiable components of instruction that teachers enact to support
learning and consist of “strategies, routines, andmoves that can be unpacked and learned by teachers”
(Grossman et al., 2018, p. 4). The practices we addressed inMAM include launching problems, using
mathematical representations, aiming towards a mathematical goal, facilitating student talk and eli-
citing and responding to students’mathematical ideas (Lampert et al., 2013). Teachersmust work on
multiple practices in relation to each other, and according to Chapman (2016) and Charalambous
and Delaney (2020), we need to better understand how PD engage teachers in all interconnected
aspects of ambitious teaching. The current study aims to explore this matter.

Participants

Thirty teachers from ten public elementary schools in an urban municipality in Norway partici-
pated in the MAM project. All elementary schools were invited to send an application for
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participation in the project. Ten schools applied, and all were approved. The principals at each
of the schools selected three teachers (teaching all subjects) who wanted to learn ambitious
teaching and whom they thought could subsequently serve as mentors so the ambitious teaching
practice could be expanded to the whole school. The teachers were divided into four teaching
groups. When designing the study, we considered that two groups constituted an appropriate
size for this study. One group chose not to participate in the research study. We picked two
of the remaining three groups at random, thus our study consists of 14 teachers from elemen-
tary schools (years 1–7). The teachers had varying experience as mathematics teachers: Five had
1–5 years of experience, three had 6–10 years of experience and six had more than 10 years of
experience. Prior to the course, none of the teachers had extensive experience of ambitious
teaching.

Setting

MAM consisted of 12 sessions, taking place at one of the participating schools, over a period of two
years. The work in nine of the sessions was organised around learning cycles with six phases (see
Figure 1). In these sessions, the teachers were divided into four groups of seven to eight participants
guided by a teacher educator: (1) Preparation. Before the session, the teachers read an article on
various themes and watched a video recording of a particular instructional activity. (2) Collective
analysis. The teachers, guided by a teacher educator, analysed the article and principles and prac-
tices central to the instructional activity. (3) Co-planning. Groups of teachers and teacher educators
co-planned to teach the instructional activity using ambitious practices and principles. (4) Rehear-
sal. One or two of the teachers were teaching the instructional activity while colleagues played the
part of students. All participants could pause instruction by initiating a TTO, during which they
were discussing how the teacher might choose to respond to student contributions and determine
where to steer the instruction (Gibbons et al., 2017). When appropriate, the teacher resumed the
enactment of the activity. Each rehearsal was allocated 30 min but was often shorter. (5) Classroom

Figure 1. Cycle of enactment and investigation for PD (Wæge & Fauskanger, 2021).

508 K. WÆGE AND J. FAUSKANGER



co-enactment. Following the rehearsal, the same teacher(s) enacted the instructional activity with a
group of students (aged 11–12). All the participants were responsible for the co-enactment, and as
in rehearsals, the participants could initiate TTOs. Each co-enactment was allocated 20–50 min,
and the group of teachers met the same group of students each time. (6) Collective analysis. In
this debrief, each group analysed the enactment and reflected on what they learned by focusing
on how the principles and practices played out with students and considering implication for teach-
ing. After this, the whole group met for a collective analysis and reflection on the co-enactments,
and preparation for the next cycle.

The focus of our study is on TTOs in rehearsals and co-enactments. We point out that the learn-
ing situations enabled by TTOs in these two settings are shaped by the conversations in the other
phases of the cycle.

Data Collection and Analysis

We draw on a subset of our data fromMAM. Nine rehearsals and nine co-enactments from each of
the two teaching groups were analysed, giving a total of 18 video-recorded rehearsals and co-enact-
ments. This article builds on our prior analysis of rehearsals (Wæge & Fauskanger, 2021) to explore
the relation between TTOs in rehearsals and co-enactments. We identified a TTO as the point in
time when enactment was explicitly paused “so that the teachers and teacher educators could ask
questions, think out loud together and consider their instructional decisions before continuing
with the instruction” (Wæge & Fauskanger, 2021, p. 8). We used Sportscode video-analysis software
that allowed detailed coding of the TTOs both within and across video-recorded rehearsals and co-
enactments. We created timelines for each rehearsal and co-enactment to capture the TTOs and to
code what the participants worked on within each TTO. Coding the video directly allowed for an
examination of both verbal and visual cues, such as written representations on the board, gesturing
and movements. By analysing TTOs we could explore the teachers’ collective engagement and
reflections in-the-moment of teaching.

Our prior analysis of rehearsals resulted in eleven codes: launching problems, using mathemat-
ical representations, aiming towards a mathematical goal, using talk moves, eliciting and respond-
ing to students’ mathematical ideas, mathematics, student error and student thinking, organising
the board, students writing solutions on the board and anticipating (for descriptions of the
codes, see Wæge & Fauskanger, 2021). Building on that, we started the analysis of the co-enact-
ments by coding for these eleven a priori codes. They represent codes that were exemplified in
co-enactments in a previous study of the MAM project (Fauskanger, 2019). One additional code
emerged from the data identifying an additional aspect that was worked on in the TTOs in co-
enactments: “steering instruction”. This code concerned deciding where to go next, for example:
“Have you thought about a group that you think can start?” In many of the TTOs we used multiple
codes to identify the aspects of the practice that were being worked on. Finally, we analysed the
TTOs in the rehearsals and co-enactments in relation to each other to identify segments that
were connected.

Both authors coded each TTO independently. Disagreements in coding were resolved through
review of the TTOs and discussions. We arranged data segments according to common codes and
reviewed the entire dataset qualitatively. We constructed tables that helped us to look for common
features across the TTOs and to compare TTOs in rehearsals and co-enactments, and throughout
the process we wrote analytical memos and reviews concerning connections in the data (Corbin &
Strauss, 2008). In the analysis, we explored how the TTOs supported teachers to learn practices and
principles of ambitious teaching and connect pedagogical action to pedagogical reasoning and
responsibility (Horn, 2020). We selected representative examples from the data, which could be
presented without long elaborations on the preceding and succeeding contexts, to present our
findings.
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Findings

Patterns of TTO Use within Rehearsals and Co-enactments

Here we describe the structure of the analysed rehearsals and co-enactments (Table 1). The rehear-
sals lasted on average 16 min, while the co-enactments lasted on average 36 min. One reason for
this difference was the time allotted for students’ group work in the co-enactments. The time
spent on TTOs, however, differed in the two settings. In rehearsals, approximately 60% of the
time was spent on teaching and 40% on TTOs. In co-enactments, approximately 90% of the
time was spent on teaching, not including students’ group work, and 10% on TTOs. One reason
for this difference might be that the average length of TTOs in the rehearsals (61 sec) was much
longer than in the co-enactments, where the TTOs lasted 16 seconds on average.

What Was Addressed in TTOs in Rehearsals and Co-enactments?

We provide an overview of the frequency of occurrence of each of the most salient ambitious prac-
tices in the rehearsals and the co-enactments (Table 2). This information is organised according to
the percentage of all TTOs that included this practice. The percentage of all TTOs that included a
particular practice shows how often this category was worked on across all TTOs. Table 2 shows
that the TTOs in the rehearsals focused predominantly on the practices use of representation
(29%), aiming towards goals (25%) and launching a problem (23%). The practices organising the
board (18%) and facilitating student talk (16%) occurred less frequently overall (Wæge & Fauskan-
ger, 2021).

In co-enactments, the TTOs focused predominantly on the practice of eliciting and responding
(39%). This practice was not among the most frequent practices in the rehearsals. The practices
aiming towards goals (24%) and use of representations goals (21%) occurred less frequently in
TTOs. We note that almost one third of the TTOs that included work on representations were
initiated in one particular co-enactment by one of the groups.

When we focus on the two most salient practices that take place in the TTOs in rehearsals and
co-enactments, we find three practices: eliciting and responding, aiming towards a goal, and using
representations. We describe and compare how the participants worked on these three practices in
the two settings. For each practice, we describe how the TTOs provided opportunities for the tea-
chers to collectively learn the practices and principles of ambitious mathematics teaching and to
develop pedagogical judgment. Although we discuss the practices separately, we note that many
of the TTOs involved simultaneous work on multiple aspects of practice.

Eliciting and Responding

Eliciting and responding to student thinking was an important focal point in TTOs in co-enact-
ments, but not among the most frequent practices in TTOs in rehearsals.1 In co-enactments, the
participants addressed which questions the teachers could ask to engage the students in mathemat-
ical explanations and argumentations and to elicit the details of students’ thinking.

Table 1. Patterns of TTO use in rehearsals and co-enactments.

Patterns of TTO use
Rehearsals
(n = 18)

Co-enactments
(n = 18)

Average length 16 min 36 min
Number of TTOs 175 166
Average number of TTOs 10 9
% of time spent on teaching 60% 90%
% of time spent on TTOs 40% 10%
Average length per TTO 61 sec 16 sec
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The participants also considered possible questions the teacher could ask to direct the students
towards important mathematical ideas. This is related to the practice of aiming towards a goal,
which will be described below. The (few) discussions in the rehearsals that addressed the practice
of eliciting concerned this particular aspect, and some of the discussions in the co-enactments were
related to these discussions. The example below from a rehearsal and the following co-enactment of
a choral count, counting by 4 s starting at 5, illustrates this. The lesson goal was to find different
patterns emerging in the count, and to explore the connection between the numbers in the
count and the four times table (4n + 1), for example by using numerical expressions. We join the
rehearsal as one of the students2 shares his thinking, and the lead teacher (LT) pauses the
instruction:

1 Student: I see that the 9 is 8 plus 1, and 8 is in the four times table. And 13 is 12 plus 1, and 12 is in the
four times table. And that continues all the way.

2 LT: Then it’s a little, that it’s time out.
3 Teacher1: How will we find. “Can you make an expression?” Can you [lead teacher] say that? [the dis-

cussion continues]. (Session 2, choral counting, group 2, rehearsal)

The lead teacher was not sure how to respond to the student’s idea (Line 1) and initiated a TTO
(Line 2). This led to a discussion on how the teacher could respond to the student’s contribution
and what questions he could ask to orient the students towards the lesson goal. One of the observing
teachers suggested that the lead teacher could ask the student(s) to make an expression (Line 3).
Later in the discussion, another teacher suggested that the teacher could represent the student’s
thinking on the board to give space for all students to understand his idea. Based on these sugges-
tions, the lead teacher continued the instruction.

In the following co-enactment, some of the exchanges were closely related to the discussions in
the rehearsal. We join the co-enactment when one of the students claims that you can get the num-
bers in the first row (in Figure 2) by taking the four times table and then add one. The lead teacher
pauses:

1 LT: Now we’re into something here.
2 The others: Yeah.
3 LT: How should we?
4 Teacher1: I would have said/
5 TE: Yeah, [use] another word, yeah.
6 Teacher1: How would you have said what she is saying now, for the number 5 for example. Can it be

done? [to ask:] “Can you say the expression?”
7 LT: We can try. (Session 2, choral counting, group 2, co-enactment)

The lead teacher pointed out that the student contribution, which was similar to the student con-
tribution in the example from the rehearsal, was something they could build on (Line 1), and he
asked how to do it (Line 3). One of the teachers suggested that the lead teacher should ask the

Table 2. Frequency of the key practices, per TTO.a

Teaching practice
% of all TTOs in rehearsals

(n = 175)
% of all TTOs in co-enactments

(n = 166)

Elicit and respond 39
Use of representations 29 21
Aiming towards goals 25 24
Launching a problem 23
Organising the board 18
Facilitating student talk 16
aThe table only includes the numbers for the most frequent practices.

1In rehearsals, this practice occurred in 13% of the TTOs.
2When we refer to “student” in rehearsals, we mean the “teacher” acting as student.
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students to make an expression (Line 6) as they discussed in the previous rehearsal. The lead teacher
agreed to try it (Line 7) and continued teaching.

The examples above illustrate howTTOs,mostly in the co-enactments, provided opportunities for
the teachers to collectively learn how to elicit and respond to students’ thinking and to develop ped-
agogical judgment. The analyses show how the teachers engage in pedagogical reasoning and
decision-making in-the-moment of instruction, addressing how to respond to student contributions
and what questions the teacher could ask to orient students towards key mathematical ideas.

Moreover, the examples illustrate how the collective considerations in the TTOs are framed
around key principles of ambitious teaching: treating students as sense-makers by allowing them
to do the thinking and providing all students with equitable access to learning by providing
space for students’ contributions. The TTOs supported the teachers in developing a shared under-
standing of the principles of ambitious teaching. The analyses show how the teachers were connect-
ing pedagogical reasoning and pedagogical actions to pedagogical responsibility (Horn, 2020).
Because the teachers had planned the lesson together and were working on learning ambitious
teaching, the opportunity to pause during instruction gave them the chance to think through
and share their reasoning about teacher actions in relation to principles of ambitious teaching.
Moreover, their debriefing after the co-enactment provided them with an opportunity to collec-
tively consider what they can gain from the experience. Note that how the participants made
sense of these ways of interacting with students during planning and debriefing was critical to
their learning experience.

Figure 2. Student count and strategies are represented on the board.
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Aiming Towards a Goal

Several TTOs in rehearsals and co-enactments addressed the practice of orienting the students
towards the mathematical learning goal for the lesson. This practice is closely related to other prac-
tices, such as eliciting and responding, and the teachers worked simultaneously on multiple prac-
tices. In rehearsals, the participants discussed how the teacher could use the students’ thinking to
promote key mathematical ideas. They discussed which strategies she should choose and how to
connect different student strategies – and why. They also discussed how the teacher could use visual
representations, such as quick images and number lines, to help the students explore patterns and to
compare different strategies (Wæge & Fauskanger, 2021). In co-enactments, the TTOs were on
many of the same issues, but were often shorter and consisted of specific suggestions for what
the teacher might say or do and when to do it (timing), for example: “Can you take that example
from the student there [points at the board]”, and several of the exchanges on this practice were
related to the more elaborate discussions in rehearsals.

This is illustrated in the example below from a rehearsal and the following co-enactment of a
quick image. The key mathematical learning goal for students was to learn the distributive property
of multiplication (a × (b + c) = a × b + a × c). The lead teacher showed a quick image for a few
seconds and then asked the students how many dots they saw and if they could explain how
they found the answer. Just prior to the TTO, the teacher represented different student strategies
on the board, both by writing numerical expressions and by using the quick image (see Figure
3). Note the two strategies 3 × 5 + 3 × 4 and 3 × 9 that were written on the board.3 We join the
rehearsal as the lead teacher represented the strategy “three times ten minus one” on the board:
3 × 10−1. The teacher educator paused the instruction:

1 TE: But then the idea of using parentheses is interesting [refers to the expression 3 × 10−1 on the
board].

2 Teacher1: I was just thinking the same thing. I was thinking that this [the expression] with 3 × 9 [on the
board] is an excellent opportunity to get them [the students] to see 3 × (5 + 4). You [lead tea-
cher] can ask them “Does anyone see 9 in another way?” Then we have 5 and 4, and then you
[lead teacher] write down 3 × (5 + 4).

3 LT: Yes.
… [The lead teacher writes 3 × (5 + 4) on the board]

25 Teacher1: And you could have drawn it [3 × (5 + 4)] too. On the [quick image with illustration of 3 × 9],
the 4 and 5 together, like you did before. Most likely few see 4 plus 5 in the parenthesis. That’s
maybe difficult.

26 LT: How would you draw it? [the discussion continues]. (Session 3, quick image, group 2,
rehearsal)

The teacher educator started to talk about the use of parenthesis (Line 1), but one of the teachers
pointed to the strategy 3 × 9 as something to address. He explained how 3 × 9 could be used as a
starting point to show that 3 × (5 + 4) = 3 × 5 + 3 × 4, and he illustrated follow-up questions that
could help the students to focus on the distributive property (Line 2). This led to a discussion
on how the teacher could use the students’ strategies to promote their understanding of the distri-
butive property (Lines 4–24). Later in the discussion, one of the teachers pointed out that it might
be difficult for students to see the connection between the two expressions (3 × 9 and 3 × (5 + 4))
and suggested that the teacher should show where they find the 4 and the 5 on the quick image
representing 3 × 9 (Line 25). The lead teacher then asked how to illustrate that on the quick
image (Line 26). This led to a discussion on how the teacher could use the quick image to connect
the two expressions. In the same TTO, the participants also discussed the expression 3 × 10−1 (on
the board) and how the teacher could proceed and write a parenthesis (3 × (10−1)) so that it was a
mathematically correct representation of the student’s idea. For example, one participant suggested

3In Norway, “·” is used as a multiplication sign. Here we write “×”.
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that the teacher could write a parenthesis and ask the students if they could think about why she did
this.

As illustrated above, the importance of using quick images to support students’ understanding
and help them see connections between different expressions was highlighted in the rehearsal, and
this was also addressed in the following co-enactment. We join the co-enactment, as one of the stu-
dents has explained the connection between the two expressions 5 × 3 + 4 × 3 and (5 + 4) × 3
(marked in Figure 4). The lead teacher initiates a TTO:

1 LT: Time out. Yes.
2 TE: Eh, can… now I have to think too [laughter]. Eh, yeah how do I know it’ll be right, how do I

know it’ll be the same answer?
3 Teacher1: Can you use the [quick] images?
4 TE: Can the [quick] images be used to explain why, why we get the same answer in the two

expressions? [directs the question to the students] They can discuss with the students on
the side. (Session three, quick image, group 2, co-enactment)

The lead teacher asked for help in responding to the student’s explanation (Line 1). The teacher
educator suggested that the teacher should focus on why the two expressions had the same answer
(Line 2). One of the teachers suggested using the quick images to support the students’ thinking
(Line 3), as they discussed in the previous rehearsal. The teacher educator followed up this sugges-
tion by turning to the students and asking them to use the quick images to explain this (Line 4).

Figure 3. Student strategies for finding the number of dots in a quick image.
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One aspect of the practice of aiming towards a goal was only emphasised in co-enactments,
namely closing the discussions. The participants focused on when and how the teacher could
close the discussions by summarising where the students were in their thinking and by highlighting
or making explicit key mathematical ideas. For example, one of the observing teachers suggested
that the lead teacher could make a key idea explicit when closing the discussion on a string “We
do the same on both sides, so the answer is the same”.

The examples above illustrate how the TTOs in rehearsals and co-enactments worked in comp-
lementary ways to provide opportunities for teachers to learn the practice of aiming towards goals
and develop pedagogical judgment. In both rehearsals and co-enactments, the participants were
negotiating which strategies to select and how to connect different strategies to facilitate students’
understanding of mathematical ideas. However, there were some differences in how the participants
were sharing teacher decision-making in the two settings. The TTOs in rehearsals often consisted of
rich considerations of possible teacher strategies and pros and cons of using the strategies. Through
asking questions, trying out, giving feedback and having discussions, the participants were trying to
figure out which decisions to make and why. In co-enactments, the TTOs often consisted of shorter
exchanges or specific suggestions of what the teacher might say or do in the particular situation,
sometimes building on the more elaborate collective considerations and pedagogical reasoning
in the previous rehearsals.

The examples also illustrate how the teachers’ considerations and pedagogical reasoning con-
sidered the aspects of mathematics (distributive property), teaching (representation that helps

Figure 4. Student strategies for finding the number of dots in a quick image.
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students see connections) and students (it could be difficult for students) as interdependent aspects
of instruction (Horn, 2020; Lampert, 2001). Similar to the previous examples, this shows how the
opportunities to pause during instruction gave the teachers a chance to think through and make
sense of decision-making in relation to the principles of ambitious teaching, for example treating
students as sense-makers by using student ideas to connect to the lesson goal, and thus building
connections across pedagogical action, pedagogical reasoning and pedagogical responsibility.

Use of Representations

Using representations is closely related to other ambitious practices, and the teachers worked sim-
ultaneously on several practices. Representing students’ mathematical ideas in writing and making
connections between student talk and representations and between different kinds of represen-
tations were addressed in many TTOs in rehearsals and co-enactments.

In the rehearsals, recording the students’ thinking as accurately as possible was emphasised
(Wæge & Fauskanger, 2021). This was not frequently addressed in the co-enactments, however,
some suggestions in the co-enactments built on the discussions from the rehearsals. The example
below, from a rehearsal and the following co-enactment of a string, starting with the task 100 : 4
illustrates this. The context of the first problem in the string was a relay. The total run was one
hundred metres, and four students were going to run equally long. One of the students said
that “they have to run 25 metres each” because “four times 25 equals one hundred”. We join
the rehearsal as the teacher represents the student’s idea. First, she divides a line segment on
the open number line into two equal parts. Then then she divides each of these two parts into
two equal parts, thus representing (100 : 2) : 2 instead of 4 × 25. The teacher educator initiates
a TTO:

1 TE: What is interesting here is that you [the student] have thought, you have explained that you
were thinking four times 25. You just knew that, right? But, when you [the teacher] were mak-
ing the number line now, what did she [the teacher] do [represent on the board], do you recog-
nise that? [she looks at the others]

2 Teacher1: She [the student] divided into two and then divided into two again.
3 TE: Yes, you [the teacher] halved and then halved again.
4 LT: Ok.
5 TE: It’s important that we’re aware of this [that this represents (100 : 2) : 2 and not 4 × 25] [the

discussion continues]. (Session six, strings, group 2, rehearsal)

The teacher educator wanted the lead teacher to record exactly what the student was saying (4 × 25,
Lines 1 and 5), and invited the teachers to recognise this (Line1). One of the observing teachers
recognised that the teacher had represented (100 : 2) : 2 instead of 4 × 25 (Line 2). This initiated
a discussion on how the lead teacher could represent what the student said. The teacher educator
advised the teacher to represent 4 × 25 as “25 and 25 and 25 and 25” on the number line, showing
the four “jumps” by pointing to the number line. They agreed that the lead teacher in the co-enact-
ment should illustrate 4 × 25 as four jumps of the length 25 and in addition writing 25 above each
arch as illustrated in Figure 5.

The following co-enactment has a similar situation and the teacher educator again reminds the
lead teacher to represent the student’s thinking as accurately as possible. Just prior to the TTO, one
of the students said that “I took the first half of 100, and then I took half of 50”. We join the co-
enactments as the teacher represents the student’s idea (100 : 4 = (100 : 2) : 2 by drawing
“jumps” of 25 on the number line. The teacher educator takes a TTO:

1 TE: Can I ask for a time out?
2 LT: Yes.
3 TE: Can you draw it like the student said?
4 LT: Yeah, I can, yeah. (Session six, strings, group 2, co-enactment)
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The teacher educator asked for a TTO (Line 1) and suggested that the lead teacher should represent
the student’s idea as the student actually said it (100 : 4 as (100 : 2) : 2 instead of 4 × 25) (Line 1). The
teacher agreed (Line 4) and continued instruction by dividing the number line into two equal parts
and then divided each of these two parts into halves again. Since they had discussed this issue in a
similar situation in the rehearsal, the teacher understood what the teacher educator meant. This
example, and others, illustrates how many of the participants’ considerations and collective peda-
gogical reasoning in co-enactments were grounded in the longer and more elaborate discussions in
the rehearsal.

Representing and connecting student strategies in-the-moment of teaching is challenging. Our
analyses show that the TTOs provided opportunities for teachers to learn this practice collectively.
The participants negotiated how to represent students’ mathematical ideas in writing and also to
represent their ideas as accurately as possible. The analyses show how the participants’ collective
sensemaking in co-enactments often referred back to the rich considerations and pedagogical
reasoning in the rehearsals.

Moreover, our analyses show how the participants’ collective sensemaking and reasoning about
instruction, pedagogical actions and pedagogical responsibilities were actively being brought
together (Horn, 2020). The participants were drawing on the principles of engaging deeply with
students’ thinking and treating students as sense-makers when negotiating how to represent
their thinking. Thus, the analyses show how the teachers were engaged with pedagogical reasoning,
as they drew on clear principles of ambitious teaching and adjusted their pedagogical actions.

Discussion

In this article, we have examined the patterns of use of TTOs in rehearsals and co-enactments, and
we have explored how the TTOs in the two settings provide complementary opportunities for tea-
chers to learn ambitious mathematics teaching practices and develop pedagogical judgment. Our
findings show that there is a back-and-forth pattern between teaching and TTOs in both settings.
This helps to draw the teachers’ attention more towards principles and practices of ambitious math-
ematics teaching, and to build explicit connections across pedagogical action, pedagogical reason-
ing and pedagogical responsibility (Horn, 2020).

Being responsive to students’ emergent ideas is one of the most challenging parts of ambitious
teaching (Richards & Robertson, 2015), and Kennedy (2016) argues that PD programmes should be
designed to support teachers’ engagement with in-the-moment instructional decisions. Our study
shows how TTOs in rehearsals and co-enactments provided complementary opportunities for tea-
chers to work on complex in-the-moment decision-making and to develop a shared understanding
of ambitious teaching that enabled them to use the ambitious practices and principles adaptively in

Figure 5. 4 × 25 represented on a number line.
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new situations. The findings indicate that it is important to include both rehearsals and co-enact-
ments in PD programmes that aim to support teachers’ learning of ambitious mathematics
teaching.

Supporting Responsive Teaching

According to Horn (2020), designing activities that support the development of pedagogical judg-
ment is crucial for teachers’ learning of ambitious teaching. Our study indicates that the TTOs in
rehearsals and co-enactments supported the teachers’ engagement with pedagogical reasoning and
decision-making in-the-moment of instruction, and with connecting pedagogical reasoning to ped-
agogical actions and responsibility. They were settings in which the teachers collectively reasoned
about and explored the practices of ambitious teaching and developed a shared sense of pedagogical
responsibility. The teachers considered different aspects of practice and offered specific suggestions
on what the teacher could do in a particular situation, drawing on key principles of ambitious teach-
ing, such as treating students as sense-makers. Moreover, our study shows that the teachers’ ped-
agogical reasoning considered the three aspects of instruction, namely teaching, students and
mathematics, as interrelated aspects of instruction (Horn, 2020; Lampert, 2001), indicating that
rehearsals and co-enactments supported their engagement with the complexity of in-the-moment
instructional decisions (Richards & Robertson, 2015). The debriefings after the co-enactments allow
the teachers to collectively consider what they can gain from the experience, and they might further
support the teachers’ development of adaptive expertise. In the MAM project, the collective analyses
or debriefing have, however, yet to be explored.

Complementary Ways of Working on the Practices

Our findings show that there were some differences regarding how the participants shared decision-
making in the two settings. The TTOs in rehearsals often consisted of rich collective considerations
on possible teacher strategies and moves. Through asking questions, trying things out and provid-
ing feedback, the participants figured out what decisions to make and why. In rehearsals, the tea-
chers’ pedagogical reasoning and sensemaking sometimes uncovered pedagogical dilemmas, for
example, how the teacher could represent the students’ thinking as accurately as possible whilst
simultaneously considering the mathematical correctness of the representations (Wæge & Fauskan-
ger, 2021). The TTOs in co-enactments, however, consisted of shorter exchanges and specific sug-
gestions as to what the teacher might say or do in the particular situation. This may be related to the
fact that students are present in co-enactments and that the teachers already have the shared experi-
ence of the co-planning and the rehearsal. The teachers’ collective considerations in the co-enact-
ments sometimes built on the more elaborate considerations and pedagogical reasoning in the
previous rehearsals. Thus, the TTOs in the two settings worked in complementary ways to support
the teachers’ learning of ambitious teaching.

Focusing on Different Ambitious Practices in the Two Settings

Our study shows that the teachers tried to make sense of several ambitious practices simultaneously
and to see them in relation to each other. However, there were some differences relating to which
practices the participants focused on in the two settings. Eliciting and responding was the most fre-
quent practice in TTOs in the co-enactments. This has also been emphasised in co-enactments
within Math Labs (Gibbons et al., 2017). Eliciting and responding is also considered to be an impor-
tant focus in rehearsals with novice teachers (Ghousseini et al., 2015; Lampert et al., 2013) and more
experienced teachers (Kavanagh et al., 2020). Our findings from the rehearsals differed, however,
from other studies as eliciting and responding was not an important focal point in the TTOs. In
our study, the participants mostly worked on this practice in co-enactments.
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Aiming towards goals and using representations were among the most salient practices in both
rehearsals and co-enactments. For both practices, the participants focused on different aspects in
the two settings. For example, recording the students’ thinking as accurately as possible was empha-
sised in the rehearsals (Wæge & Fauskanger, 2021), however, this was not frequently addressed in
the co-enactments. We also found that closing discussions were only emphasised in the co-enact-
ments, not in the rehearsals. Thus, the two settings provided opportunities for collective consider-
ations on complementary aspects of the practices of ambitious teaching.

Conclusion and Next Steps

Our study provides insight into how TTOs in rehearsals and co-enactments provided complemen-
tary opportunities for teachers to learn ambitious teaching and the complex work of in-the-moment
decision-making (Richards & Robertson, 2015). While this study contributes to the knowledge base
regarding how teachers can work collectively in rehearsals and co-enactments to explore the com-
plex demands of ambitious teaching, more research is needed. One limitation of this study is that it
did not address how the collective debriefing after the co-enactment might help the teachers to con-
sider what they can gain from the experience (Munson et al., 2021), and how it might support their
engagement with pedagogical reasoning and their development of adaptive expertise. A next step
within MAM will be to explore the other phases of the learning cycles to better understand if
and how all elements, such as debriefs, might support teachers’ learning of ambitious mathematics
teaching and their pedagogical judgment.
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