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Mathematics teacher educators frequently provide in-service teachers (ISTs) opportunities to practice
teaching within the university classroom. While these opportunities are valuable, some question whether they
focus too narrowly on learning a particular procedure for teaching instead of learning why and when to use
that procedure. To address this concern, we engaged ISTs enrolled in a graduate degree program in the co-
creation of practice-based lessons. This study examines what and how ISTs learned during the co-creation
process. The results indicate that ISTs improved their understanding of facilitating classroom discussions in
three crucial areas: asking conceptual questions, building connections, and using talk moves. Qualitative
interview data revealed that ISTs learned through IST collaborations, instructor-IST interactions, and creation
versus participation. Lastly, we discuss the teacher's intricate role in the co-creation process.
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Introduction

Practice-based teacher education (PBTE) has gained momentum, leading teacher educators to spend
significantly more class time on the enactment of teaching (Ball & Forzani, 2009; Grossman & McDonald,
2008). A core element of PBTE is using approximations of practice, which are opportunities for teachers
(both pre-service and in-service) to try out specific teaching activities in a supportive, controlled
environment while receiving real-time feedback (Grossman et al., 2009a). The need for practice-based
learning opportunities is due to the complex nature of a school classroom. Imagine a teacher's challenge
in trying to facilitate a productive discussion. Every student brings a distinct identity and combination
of knowledge, understanding, and experience to the classroom. Each time a student participates in class,
the teacher must customise a response based on that unique contribution (Lampert, 2005). Because of
the complexity involved in facilitating discourse, building pre-service and in-service teachers' theoretical
understanding is not enough; they need opportunities to practice leading discussions in safe, controlled
environments (Grossman et al., 2009b; Janssen et al., 2015).

Grossman et al. (2009a) introduced a Framework for Teaching Practice that involves three phases:
representing the teaching practice, decomposing the practice into smaller parts, and approximating the
practice through supervised and controlled teaching opportunities (e.g., teaching to peers). Grossman
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et al.'s Framework, and in particular, the use of approximations of teaching, have shown significant
promise in helping teachers improve their ability to organise and lead classroom discussions, as well as
other teaching practices (Kavanagh et al.,, 2020; Schutz et al.,, 2019; Tyminski et al., 2014). Some question,
however, whether this approach helps them replicate a procedure without understanding when and
why the skill should be used and how to apply it in various situations (Janssen et al., 2015; Kennedy,
2016). While we certainly see Grossman et al.'s Framework for Teaching Practice as a valuable tool for
building teachers' ability to lead classroom discussions, we take seriously the critics who call for building
more understanding around core teaching practices. We wondered whether an effective way to improve
ISTs' classroom discussion skills is to engage ISTs in the co-creation of what, in this paper, we will refer
to as practice-based lessons that follow Grossman et al.'s framework and include opportunities for
representation, decomposition, and approximation of practice. By co-creation, we mean the opportunity
for ISTs and the university instructor to work side-by-side to develop practice-based lessons. Therefore,
we set out to examine what and how ISTs who are enrolled in a graduate-level degree program learned
during the co-creation of practice-based lessons. The following research questions guided our work,

(1) What do ISTs learn about facilitating effective mathematical discussions during the co-creation
of a practice-based lesson? and
(2) How do ISTs learn during the co-creation of a practice-based lesson?

Literature Review

This study draws on two research frameworks. The first is Grossman et al.'s (2009a) Framework for
Teaching Practice, and the second is Cook-Sather et al.'s (2014) work on the co-creation of learning and
teaching. These frameworks guided our decision to engage ISTs in the co-creation of practice-based
lessons.

Framework for Teaching Practice

Historically, teacher preparation programs used experiences in real K-12 classrooms as exclusive
opportunities for practicing teaching while limiting course instruction in college classrooms to the
examination of educational theories (Grossman et al., 2009b). Past research has documented the
difficulty of applying the theories taught during coursework to an actual classroom setting (Janssen et
al, 2015; Korthagen & Wubbels, 2001). As a result, there is a strong movement within mathematics
teacher education to include opportunities for practice within education coursework to bridge the gap
between theory and teaching. Grossman et al. (2009a) provided a framework for thinking about teaching
practice involving three pedagogies of practice: representations, decompositions, and approximations.

Representations of practice allow students to see teaching represented, for example participating
in a lesson that highlights a specific practice or watching a video of the practice being represented.
Decomposition of practice involves breaking down practices into fundamental parts. Finally,
approximations of practice provide opportunities for novices to engage in practices similar to the work
of teaching but in supportive, controlled environments. There is evidence in mathematics teacher
education research that using all three pedagogies of practice enhances in-service and pre-service
teachers learning. In a recent study, Ghousseini and Herbst (2016) found that using all three was
necessary to build a full range of understandings about managing classroom discussions. While Janssen
et al. (2015) agreed all three practices are essential, they argued for flexibility in the way they are
implemented and cautioned against exclusively following the set order of representation, followed by
decomposition, followed by approximation.

One approach that supports the use of representations, decompositions, and approximations is to
redesign methods courses around a set of high-leverage practices (Ball & Forzani, 2009; Kazemi et al.,
2007; McDonald et al., 2013). High-leverage practices are practices that are central to the work of
teaching, such as managing group work or posing questions about content (Ball & Forzani, 2009).
Centring the content around high-leverage practices provides a structure for education courses that
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enable mathematics education instructors to decompose complex teaching tasks into various
instructional routines and provide students with opportunities to practice these routines.

When developing approximations of practice, there are several factors to consider. First, Grossman
et al. (2009a) highlight the idea of authenticity as a critical component to consider. They conceptualise
a continuum from less to more authentic, with more authentic approximations involving settings,
artifacts, and activities that are more like actual teaching practices. Working in classrooms with real
students offers a more authentic setting, while less authentic settings might involve letter writing or
simulations of teaching. In some approximations, the work is highly structured, such as in rehearsals,
allowing the instructor to provide support and feedback more easily. During rehearsals, the instructor
can pause the approximation of practice, provide time for reflection, address possible confusion, or
extend students' thinking about the situation before restarting the practice (Schutz et al., 2018). The
real-time, interactive process is not only beneficial to the student enacting the teaching but to all the
students in the class. In more authentic settings, such as elementary classrooms, it is more challenging
to administer in-the-moment feedback. In these situations, instructors can debrief after the
approximation making visible vital aspects of teaching.

Facilitating Mathematical Discussions

One high-leverage practice that has been the focus of a great deal of research on approximations is
facilitating an effective mathematical discussion (Boerst et al., 2011; Franke et al., 2009; Sleep, 2012).
This practice is challenging as it requires "the integration and coordination of several knowledge bases,
practices, and skills" (Tyminski et al., 2014, p. 464), such as eliciting student thinking, orienting students
to each other's ideas, filtering important information, and drawing students' attention to important
mathematical connections. Approximations can range from practicing a smaller piece of a practice, such
as practicing how to elicit students' thinking (Franke et al, 2009; Shaughnessy & Boerst, 2017), to
enacting the entire practice, for instance, facilitating a discussion. In education courses, an entire practice
is often decomposed into smaller parts; these chunks are examined and enacted and then recomposed
by putting the parts back together into the full practice (Tyminski et al.,, 2014).

Facilitating classroom discussions has garnered considerable attention in mathematics teacher
education research and PBTE (Ghousseini, 2009; Kazemi et al., 2009; Tyminski et al., 2014). For example,
Ghousseini (2009) found prospective elementary teachers benefited from engaging in discourse
routines that centre around particular aspects of mathematical discussions, such as revoicing, pressing
for explanations, and connecting students' ideas. Kazemi et al. (2009) found that their approximations
helped prospective elementary teachers reconsider the role of errors and move from thinking of errors
as negatives to thinking of them as opportunities for further learning. Tyminski et al. (2014) found that
approximations helped prospective elementary teachers align the pedagogical decisions made while
planning a discussion with their goals for the discussion. The research on approximations demonstrates
the pivotal role they can play in preparing education students for facilitating effective mathematical
discussions.

Despite the vast amount of research advocating for PBTE, some question this approach (Philip et
al, 2019; Zeichner, 2012). For example, Kennedy (2016) argues that we need to "pay less attention to
the visible behaviours of teaching and more attention to the purposes that are served by those
behaviours" (p. 6). In her argument, she suggests we approach teacher education by starting with five
core challenges faced in teaching, for example eliciting student participation and containing student
behaviour. Then, the job of instructors is to help their students think about how teachers' actions are
related to these challenges. This approach would put more emphasis on why a teacher might take a
specific action instead of how to take that action. In line with this thinking, Janssen et al. (2015) critique
the assumption that developing a teaching skill leads to developing the will to use that skill in teaching.
Furthermore, they argue that PBTE's focus on following instructional routines limits teachers' ability to
adapt and extend these routines, i.e., to help teachers be more responsive to students.

To address these concerns, Kavanagh et al. (2020) designed a study focused on using
approximations to support ISTs' responsiveness to students' ideas. The authors explored instructors

3 8‘% MERGA



King, Smith, Park, Fatima, & Forde

from four subject areas as they engaged ISTs in the implementation of approximations. Two key findings
from this work impact the design of the current study. First, they found that it is possible to use
approximations and keep the purpose central to the work instead of focusing on the technique. One
way instructors did this was to "hold up students' ideas as decision-points for teachers instead of
holding up teachers' moves as techniques to be practiced until they become automatic" (Kavanagh et
al., 2020, p. 104). Second, they found that instructors who provided little structure or guidance about
how the ISTs should enact the approximation (e.g., the choice of topic, the learning target, and the
discussion structure) were less likely to successfully practice the agreed-upon goal of responding to
students' ideas during the approximation. This finding suggests the importance of collaboration
between instructors and ISTs when designing approximations.

In the current study, we build on past research in this area by providing ISTs with the opportunity
to create and implement practice-based lessons. Instead of giving ISTs free rein to design these lessons,
we drew from the literature on the co-creation of learning and teaching, suggesting that the instructor
and ISTs engage in the lesson development together. We hypothesised that placing ISTs in the role of
co-creator would help them understand the purpose surrounding their approximations and build their
skills to enact the core strategies from the lessons they developed in their teaching. Next, we discuss
the literature around the co-creation of learning and teaching.

Co-creation of Learning and Teaching

Rarely do students attending colleges and universities take an active role in creating the activities that
guide the learning in a class; most learning opportunities involve passive engagement in activities
designed by others (Mann, 2008). As Bovill et al. (2016) explain, "co-creation of learning and teaching
occurs when staff and students work collaboratively with one another to create components of curricula
and/or pedagogical approaches" (p. 196). There are many ways to engage college students in co-
creation, to name a few: a student could be selected as a co-researcher, act as a consultant to provide
a student's perspective, or work as a representative who contributes to university decision-making. In
this study, though, we focus on a whole-class approach involving ISTs as pedagogical co-creators (or
co-designers) where "the purpose, approaches, and outcomes of learning and teaching are jointly
negotiated and there is a shared responsibility for learning” (Bovill, 2020, p. 1026). In classrooms where
students are pedagogical co-creators, students contribute to the purpose of the work and the design
of instructional strategies and course outcomes, thus promoting student motivation, agency, and
empowerment (Bovill, 2020).

Past research, detailed in Cook-Sather et al.'s (2014) landmark book on student-faculty partnerships,
documented three beneficial outcomes that consistently arise during the co-creation of learning and
teaching: engagement, awareness, and enhancement. Individuals in college classes who are involved in
co-creation tend to be more engaged in the process of learning compared to those in traditional
settings who are more likely to focus on the outcomes of learning. Secondly, college students engaged
in co-creation develop greater metacognitive awareness, most notably seeing their role as students in
a new light. Lastly, co-creation leads college students to take a more active role as learners and take on
more responsibility for their own learning. As a result, co-creation transforms their role. This role is no
longer passive or merely doing; it is now to develop a metacognitive awareness about what is being
done (Cook-Sather et al, 2014). A heightened focus and awareness help individuals look beyond
carrying out actions, and to think deeply about why such actions are needed (Martinez, 2006).

Another positive outcome, and a critical element of the co-creation of learning and teaching, is
positive student-teacher relationships (Bovill, 2020). As Breen and Littlejohn (2000) explain, "teachers
may need to come to see their own plans for classroom work as simply proposals ... which learners have
the right to reformulate, elaborate upon, or even reject” (p. 277). In co-creation, the responsibility for
learning is shared; therefore, building trusting and respectful student-teacher relationships is necessary
(Bovill, 2020; Cook-Sather et al., 2014). This requires a shift on the teacher's part, from viewing students
as consumers of knowledge to viewing them as members of a learning community (Bergmark &
Westman, 2016).
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Such a shift can be challenging for college students and their teachers. Cook-Sather (2014) argues
that grasping the nature of student-faculty partnerships of the kind investigated in this study can be
difficult. In fact, both college students and their teachers may experience intellectual and emotional
discomfort as this new way of learning and teaching affects their understanding of their past learning
experiences. It is necessary to recognise that such a shift to see learning and teaching as a partnership
may take time, and the involved parties may regress to their "earlier status," i.e., their role in a traditional
classroom (Meyer & Land, 2006).

Guided by this research, we sought to engage a group of ISTs enrolled in a graduate-level course
in the co-creation of practice-based lessons. During the co-creation process, the ISTs played a central
role in co-creation by selecting the topics for the lessons, designing the representations,
decompositions, and approximations that made up the practice-based lessons, and offering feedback
to their peers. The co-created practice-based lessons were ultimately presented to other teachers
working in nearby schools. We hypothesised ISTs would benefit from co-creation and sought to explore
what and how they learned during the process. Additional details about the co-creation process are
provided in the section below.

Research Methods

Participants and Context

We designed a qualitative research study to investigate what and how ISTs learned during the co-
creation of a practice-based lesson with seven ISTs enrolled in a graduate-level mathematics education
course at a large, public university in the Southeastern United States. The class followed a hybrid format
where in-person meetings occurred every two weeks for two hours and forty minutes. Small group
meetings or extended online assignments were used during the weeks without a face-to-face meeting.
The first author was the lead instructor for the course. Seven ISTs (see Table 1 for participant
information) in the class, six female and one male, were given the opportunity to participate in the study,
and all seven agreed. Three of the ISTs who participated were elementary school teachers, and four were
secondary mathematics teachers.

Table 1
Pseudonyms for Each Participant and Other Information
Participant Name Gender Age of Students Taught Years of Experience
(Pseudonym)

Evelyn Female Elementary (Grades K-5) More than 5 years
Yolanda Female Elementary (Grades K-5) More than 5 years
Amanda Female Elementary (Grades K-5) More than 5 years
Marvin Male Middle School (Grades 6-8) 5 years or less
Kelsey Female Middle School (Grades 6-8) 5 years or less
Gretchen Female High School (Grades 9-12) 5 years or less
Roberta Female High School (Grades 9-12) More than 5 years

The course where the study took place was designed to be the final course in a series of five
graduate-level mathematics education courses offered to graduate students in mathematics education,
most of whom are ISTs. The three over-arching goals of the mathematics education graduate program
are (1) preparing teachers to use a problem-based approach to instruction, (2) building teachers'
mathematics pedagogical content knowledge, and (3) developing teachers for leadership. Throughout
the early courses in the program, ISTs participated in mathematics education lessons based on
Grossman et al.'s (2009a) Framework for Teaching Practice which involves using representations,
decompositions, and approximations. In the course where this study took place, ISTs were asked to
move from being participants in these types of lessons to co-creating this type of lesson.
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The Use of Co-creation in the Course

This course used co-creation to develop the content focus and curricular materials. These materials were
developed through a partnership between the ISTs and the instructor. The instructor thought deeply
about her role in the co-creation process and sought to act as a facilitator throughout the course,
working to support but not determine the focus and design of the lessons. Heron (1999) discussed three
ways to enact facilitation: the hierarchical mode, the co-operative mode, and the autonomous mode.
The instructor in this study set out to use the co-operative mode. As Heron (1999) explained,

Here you share your power over the learning process and manage the different dimensions with the group.
You enable and guide the group to become more self-directing in the various forms of learning by
conferring with them and prompting them. You work with group members to decide on the programme,
to give meaning to experiences, to confront resistances, and so on. In this process, you share your own
view which, though influential, is not final but one among many. (p. 8)

As such, the instructor saw her role as one in partnership with the ISTs, attempting to share power
without giving complete autonomy or taking complete control. Despite her efforts, the instructor
acknowledges that her voice may not be viewed as equal. One potential reason for this is ISTs may view
the instructor's words as more valuable due to her experience and expertise or because of the long-
standing tradition that the instructor is the authority in the classroom (Cook-Sather et al., 2014). Despite
this challenge, the instructor was committed to using the co-operative mode throughout the course.

In practice, using the co-operative mode meant that the instructor worked with ISTs in all stages of
the co-creation. For example, as the class worked to identify topics for the lesson plans the instructor
and ISTs discussed potential topics openly. This included discussing mathematics education literature
and analysing data from interviews conducted by ISTs with colleagues. During these interviews, ISTs
gathered information on areas where their colleagues wanted to improve their teaching and on the
types of instruction they preferred when learning about teaching. After completing this work, the class
ultimately voted on which topics should guide the lesson plans. The instructor was also active during
the two cycles of the lesson plan development. During this time, the instructor helped support ISTs by
posing questions, directing ISTs to mathematics education literature, and asking them to consider the
relationship between the literature and their lesson.

Content of the Course

The first part of the course focused on examining the literature on PBTE to prepare ISTs for the type of
lesson they would ultimately develop. Next, the class investigated mathematics education research and
collaborated to select lesson topics. The class decided that their lessons would centre around
developing skills needed for facilitating an effective mathematics discussion. The class divided this broad
topic into three sub-topics: using Talk Moves to create a culture where students regularly speak, listen,
and respond to one another (Chapin et al., 2013; Michaels & O'Connor, 2015); presenting a variety of
solution strategies (including ones that are not mathematically sound); and focusing on making
connections within the structure of the Five Practices for Orchestrating Productive Mathematical
Discussions (Smith & Stein, 2011). The eventual goal was for ISTs to present their lessons to peers during
a professional development session. The co-creation process involved two cycles to prepare for this,
each including developing a lesson, presenting it to the class, receiving feedback, and revising the
lesson. Once the two cycles were completed, ISTs submitted a final lesson plan before presenting it to
peers.

In addition to the seven ISTs who participated in the study, three additional students were taking
the class who were each seeking a doctoral degree in mathematics education. The data from these three
students were not used in the study for two main reasons. First, the study aimed to examine ISTs learning
about facilitating effective discussions and how this learning took place. Therefore, we wanted to limit
our sample to ISTs who currently work as K-12 teachers. Second, the doctoral students were part of the

research team. They participated in the study design, were part of meetings in which we discussed the
literature supporting the study and conducted interviews with the ISTs after the course was completed.
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Therefore, we decided including their data was a conflict of interest. While taking the class, the three
doctoral students participated the same way as all the ISTs, were assigned grades from the instructor,
and were mindful of their positions as participant researchers.

The doctoral students worked to maintain an equal role during all small group and whole class
collaborations. This included listening first before sharing their thinking and posing questions when
needed. The three doctoral students had taken multiple classes with the ISTs who participated in the
study. In these classes, a culture was created where everyone's voice was heard and valued, so providing
space for all members of the class to speak was not new. Furthermore, none of the doctoral students
had K-12 mathematics teaching experience in the United States. So, while they inarguably brought a
unique set of expertise and their status as doctoral students was known by everyone in the class, they
were in many ways learning from the ISTs about teaching in the United States and how to design
professional development to reach the ISTs' peers. The questions asked by the doctoral students were
often questions to seek understanding as opposed to questions intended to elicit a desired response.

Data Collection

To understand what and how ISTs learned while developing the lessons, we collected data from two
sources: assessments and interviews. The first data source included a pre-assessment administered
before the co-creation of the lesson and a post-assessment administered after the submission of the
final lesson plan. The assessments were designed to examine ISTs' development of an effective
mathematics discussion, and the data were used to help us understand what ISTs learned about
facilitating effective discussions during the co-creation process. On each assessment, ISTs were provided
with detailed information about a mathematics lesson. This information provided a context for the
lesson, including the grade level, the learning focused on in previous lessons, and the Common Core
mathematics standard (National Governors Association Center for Best Practices & Council of Chief
State School Officers, 2010) addressed during the lesson. Next, a description of the lesson in action was
provided. This included: (1) the problem used to guide instruction, (2) the learning outcomes that the
teacher was trying to develop in this lesson (see Figure 1), (3) three student solution methods, and (4) a
sequence for presenting the three solutions. Using the information provided, ISTs were asked to
construct a written dialogue of a whole-class discussion with the IST acting as the teacher and
hypothetical students participating in the discussion. The ISTs wrote the dialogues in the format of a
script specifying what the teacher would say or do and how the imaginary students would respond. We
intentionally provided detailed information about the context so that ISTs could focus on the discussion
only and not on the decisions leading up to the discussion, such as selecting and sequencing the
possible solution strategies. By constraining the situation, it allowed us to concentrate on how the
discussion was facilitated and analyse whether ISTs' use of specific mathematics discussion moves
improved from the pre-assessment to the post-assessment. By discussion moves, we mean deliberate
actions taken by the ISTs to “mediate, participate in, or influence” the mathematical discussion in the
classroom (Krussel et al., 2004, p. 307).
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Pre-Assessment Post-Assessment
Problem that Guided the Lesson: Problem that Guided the Lesson:

Julie gave Mano’yZ% candy bars. Mandy gave | At a restaurant, the waiter brings six sub
sanawiches for nine children to share. If the

1 .
4 of what she got to Carolina. How much subs are shared equally (with none left over),

candy bar did Carolina get? how much sub will each child get?

Target Learning Outcomes: Target Learning Outcomes:

2% is the same as 2 + % A fraction can be decomposed in more than

2 x 22 can be solved using the distributive one way. For example,

47 "2 6 1 1,1 ,1,1, 1

property, such that s=otststststs and
lX(2+l)=lX2+le 9:1+1+Z+E
4 2’ T4 4”2 9 9 9 9 9

To build understanding that g and % are

3 6

. . 2
equivalent fractions, such that 3%3°5%

Figure 1. Problem and learning outcomes for each assessment.

To help us understand how ISTs learned, the researchers conducted semi-structured interviews with
each of the seven ISTs at the end of the course. Using semi-structured interviews allowed us to prepare
the interview questions beforehand, which enabled us to gather more focused answers to the research
questions while also providing the opportunity to ask follow-up questions based on ISTs responses
(DiCicco-Bloom & Crabtree, 2006; Savin-Baden & Howell-Major, 2013). An interview protocol also
allowed us to examine the assessments for each IST and ask targeted questions about their answers.
The interviews lasted from 40 to 90 minutes and took place in various locations chosen by the
participants; some were conducted in participants' classrooms, while others took place on the phone.
All interviews were audio-recorded and transcribed verbatim using Temi software, then checked and
edited by the researchers for accuracy.

Data Analysis

Research Question 71

To explore research question one, examining what ISTs learned about facilitating mathematical
discussions during the co-design process, we began by analysing the pre-and post-assessments using
conceptual analysis (Carley, 1990). To begin, the first and second authors examined the written
dialogues of hypothetical whole-class discussions created by ISTs on the pre-and post-assessments to
identify the aspects of mathematical discussions that were central to their written dialogues. Then, we
connected these to the research on effective mathematics discussions and used this to help create a set
of codes. Next, we independently coded a subset of the assessment data using the Discussion Move
codes. After coding, the researchers discussed similarities and differences in their coding, defined each
code, and selected examples for each code (see Table 2). In all, there were nine codes in three different
categories. Using the final codes, the two researchers independently coded the assessment data and
compared the results. All differences in coding were discussed until a consensus was reached.
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Table 2
Discussion Move Codes with their Descriptions and an Example
Code Description Example
Questioning

Conceptual Questions

Questions that focus on conceptual,
rather than, procedural thinking.
Inquiring about the nature of things.

Why did you choose thirds
instead of ninths?

Making Connections'

Describing the big idea

Knowing why a
procedure works

Multiple representations

Students' understanding of general
rules, facts, and definitions and using
these appropriately to describe the
big idea.

Students' understanding of why a
specific procedure works and the
ability to apply it to solve math
problems.

Pointing out how the same idea is
represented in two different
representations.

Another strategy that | would
like to highlight is that Hannah
represented two and one-half
as (2 + 1/2).

How did you know to shade in a
quarter of each candy bar?

Who can explain where in Zari's
drawing we can see the one-
eighth that Hannah got in her
multiplication?

Using Talk Moves

Orienting students to
each other's work

Pressing students for
explanations

Rephrasing

Revoicing

Waiting

Asking students to add on to
another student's thinking or to
evaluate someone else's work.
Asking students to explain their
thinking (either about a specific
aspect of what was said or in
general) or asking for evidence.
Asking a student to explain another
student's thinking.

The teacher revoices a student's
thinking and determines whether the
revoice captured their thinking
accurately.

The teacher provides time for
students to think. This could involve
wait time or providing time to write
or talk with a partner.

How can we use Joey's idea to

connect Alfred's and D'Andre's
ideas?

Can you explain why you broke
apart two and one-half?

Karina, can you explain in your
own words what Carlos just
said?

So, what you're saying is that
you saw a common factor and
divided the numerator and
denominator by the common
factor?

Giving time for Carlos to think.

Note. " The definitions for the three conceptual connection categories came from Gil et al. (2019).

Within our conception of Discussion Moves, we identified three sub-categories representing ways
ISTs used discussion moves on the assessments. The first category included a code for conceptual
questions. To define a conceptual question, we focused on questions the teachers posed in their
discussion scripts that encouraged the hypothetical students to think conceptually. We contrasted this
with questions that encouraged them to think about procedures. Moreover, questions that asked how
or why something is the way it is or asked students to analyse, create, or evaluate were often coded as
conceptual. We examined each question asked by an IST and coded each as conceptual or not.
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The second category included three codes used to measure ISTs' focus in the discussion script on
building connections. To define building connections, we focused only on conceptual connections as
specified by Gil et al. (2019). They identified three types of conceptual connections. The first type
involves a connection where the teacher plays a central role in making explicit the big idea of the lesson.
The second type of conceptual connection is related to knowing why a procedure worked. The third is
when the teacher identifies or explicitly encourages students to identify multiple representations of the
same idea found within or between solution methods.

Research Question 2

A qualitative, thematic analysis was conducted to investigate research question two to look for themes
related to how ISTs learned during the co-creation (Braun & Clarke, 2006). The researchers used
Dedoose (SocioCultural Research Consultants, 2020) to interpret and analyse the data. Initially, three
researchers independently read through the interviews, generated emerging codes, and identified
excerpts from each transcript representing each code. The team of coders then met to create a list of
emerging codes. This list had eleven codes representing the different ways ISTs learned during the co-
creation. Once the list of codes was agreed upon, the same three researchers independently coded the
interviews and compared the results. All differences were discussed until consensus was reached. We
choose to use more than one coder as a way of increasing coder reliability (Church et al., 2019; Kurasaki,
2000). Next, the original codes were further categorised and converted into themes. The themes were
reviewed and refined until three themes emerged (Bruan & Clarke, 2006). The final themes were
identified as (1) IST collaboration, (2) instructor-IST interactions, and (3) creation versus participation.

Results

Research Question 1. What do ISTs learn about facilitating effective discussions
during the co-creation of a practice-based lesson?

To answer the first research question, we used data from the pre-and post-assessments to explore ISTs'
learning about leading effective classroom discussions during the co-creation of the lesson. To do this,
we looked at descriptive statistics for each sub-category: asking conceptual questions, building
mathematical connections, and using talk moves. We found the average number of times each sub-
category was used on the pre-assessment and the post-assessment and compared the difference in
these two values. The results shown in Table 3 demonstrate an increase in the average number of
discussion moves used from the pre- to the post-assessment in each of the three sub-categories among
this sample of ISTs.

Table 3
Average Usage of Discussion Moves on the Pre— and Post-assessment
Discussion Move Average Usage Pre- Average Usage Post-
Assessment Assessment
Conceptual Questions Mean 2.86 6.43
SD (3.02) (4.08)
Building Connections Mean 2.57 543
SD (2.15) (3.21)
Using Talk Moves Mean 12.29 20.29
SD (10.53) (14.34)

Notes: Pre-assessment n = 7; Post-assessment n =7

The number of conceptual questions used increased, on average, from 2.86 on the pre-assessment
to 6.43 on the post-assessment. This provides evidence that ISTs' questioning was more focused on
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conceptual understanding on the post-assessment. When examining the conceptual questions asked
by ISTs, it became evident that many of the conceptual questions being asked prompted students to
think more deeply about concepts and drew the focus away from primarily completing procedures. Here
are two examples of such questions, "Why do you think he cut the sub into nine pieces?" and "Can
someone explain why 2/3 and 6/9 are the same amount?" Notice in these examples that the teacher is
focused on helping students understand why instead of focusing on how a procedure is completed.

Next, we looked further at ISTs' facilitation of building connections. The average number of building
connections increased from 2.57 on the pre-assessment to 5.43 on the post-assessment. One reason
ISTs made more attempts to build mathematical connections on the post-assessment was an increase
in the number of times ISTs focused the discussion on multiple representations of mathematical ideas.
As an example, on the post-assessment, one IST wrote, "Do we all see how each of Alfred's thirds has
now been cut up into three pieces each? The subs are now cut into ninths." This quotation shows the
IST linking the two different representations, first mentioning one-third of the sub as seen in Alfred's
picture, and then connecting this with a second picture showing each one-third cut into three parts.
After linking the two representations, the IST then explains, "So, each one-third is now three-ninths." In-
service teachers also made more attempts to build connections that described the big idea of the lesson
on the post-assessment. For example, Kelsey wrote, "That was a great way to tie multiplication to
division since they are inverse operations.” In another example, Marvin wrote, "So, what you're saying is
that you saw a common factor and divided the numerator and denominator by the common factor."
These examples show an IST working to draw students to one of the lesson's big ideas.

Lastly, we looked at the statements coded within the category of using ta/k moves. Overall, the
average IST used eight more talk moves on the post-assessment than the pre-assessment. The
difference was primarily due to increases in two of the five talk moves investigated, orienting students
to each other's work and pressing students for explanations. When ISTs used the teacher move,
orienting students to each other's work, they generally asked a student or students to (1) explain what
another student said ("Mandy, can you explain in your own words what Alfred just said?"), (2) explain
differences in students' work ("Can someone tell me why Mandy had extra pieces, but Alfred had too
many?"), or (3) evaluate a student's work ("Do you agree with what D'Andre just said?"). One of the
crucial goals of such statements is to encourage students to focus on the work of others and to create
an environment where students see value in understanding one another's strategies and thinking.

In-service teachers also pressed students for explanations more frequently on the post-assessment.
This commonly involved asking follow-up questions that probed for more information or gave students
something additional to consider. For example, "What makes you say that?", "Why did you decide to
divide each sub into three parts?" and "What are some ways their strategies are different?" As these
examples show, ISTs were pressing students in ways that encouraged them to share details about their
thinking. By making student thinking visible, both the student who is explaining their thinking and the
other students in the class gain valuable insight into the mathematics being investigated.

Research Question 2: How do ISTs learn during the co-creation of a practice-based
lesson?

The results described previously provide evidence about what ISTs learned during the co-creation. To
investigate the second research question, we analysed the qualitative interview data to examine how
ISTs learned during the co-creation process. Using thematic analysis, three themes emerged: /ST
collaboration, instructor-IST interactions, and creating versus participating.

Theme 1: IST collaboration
The first theme that emerged from the analysis dealt with how ISTs learned through IST collaboration.
Six out of the seven ISTs indicated that their interactions with peers played a significant role in their
learning. As we analysed the interviews, it became clear that the interactions between ISTs, whether
within one's group or between groups, were significant in explaining how learning occurred. For
example, Yolanda discussed how the feedback from her peers in class impacted her learning,
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| believe [feedback] opens the floor ... for people to say, "Okay, let's reflect. What issues am | having? What
can | improve on? What am | uncomfortable addressing?” because that was in my feedback. | was
uncomfortable trying some mistakes ... “Okay, | can own that. Why are you uncomfortable?” ... Then once
people get understanding that this is what we're going to work on, they know their truth. Their truth is
out, everybody's truth is out. Now we can move forward and improve on that.

As relayed in the quotation, Yolanda pointed out that feedback from her peers not only enabled her to
reflect and ultimately acknowledge her shortcomings, but also recognize that the group "can move
forward and improve." This signifies the important role that peers outside her group played in providing
feedback and the role that her group members played as they worked to improve their lesson, thus
enabling them to build further knowledge.

Other ISTs also described the critical role peers played in their learning by helping them reflect on
the implementation of certain concepts. For example, Roberta explained how the interaction with a
group member helped with the redesign of the approximation, "That's when myself and Evelyn came
up with the idea that we should make it an interactive skit and let the teachers themselves kind of chime
in and say what they feel." The interaction between Evelyn and Roberta was central to the decision to
change the approximation. Likewise, Marvin found the discussions with his groupmates helped him
reflect on his own use of connections when he said, "I think that made the idea of connections a lot
more, um, obvious, | guess. And then, it made me realise I'm not doing it as well as | should." The
conversations with his peers were instrumental in prompting Marvin to reflect on his teaching and
realise how he could improve.

The interaction among peers created through extensive discussion and feedback led to productive
IST-to-IST interactions that promoted learning. The ISTs in this study took an active role in the learning
process by co-creating and negotiating knowledge with their peers (Wenger, 1998). In the examples
above, ISTs described their current knowledge structure and indicated the unique role conversation with
peers had in helping them create new understandings. In addition to the essential role IST-to-IST
collaboration played, we also noted the significance of instructor-IST interactions in promoting learning.

Theme 2: Instructor-IST interactions
The second theme that emerged from the data detailing how ISTs learned during the co-creation was
instructor-IST interactions. Each of the seven ISTs in our sample pointed out that interactions with the
instructor played a significant role in their learning. The instructor primarily supported ISTs' learning by
providing resources, such as research articles or videos, and discussing these resources with them. For
example, Amanda explains, "So we did more of our reading and emailing back and forth with [the
instructor] ... So, her insight and the reading selections really is what got us going." As shown in this
quotation, the instructor and ISTs carried a conversation back and forth, building understanding from
interaction to interaction.

Another IST, Kelsey, explained how the instructor offered ideas, and the group was able to use these
ideas. "It wasn't easy to think about a way [to develop the approximation] ... But in that sense, in the
end, [the instructor], you know, took a look, and she gave us very good ideas, and we took different
bits." The instructor played the role of an idea generator, and the ISTs were able to select and choose
from these ideas to help them with the lesson creation. As these two examples demonstrate, the
instructor supported the work being done, and the language provided by the ISTs indicates that they
took from the ideas provided and built on them. Amanda commented this "really is what got us going,"
while Kelsey explained they "took different bits." This shows how the interactions between the instructor
and ISTs played a role in moving forward ISTs' thinking.

In other instances, the language used by ISTs indicated that the instructor determined the path of
the work instead of supporting the path ISTs were travelling. For example, Gretchen began by discussing
how her group developed the lesson. At first, she described a collaborative process where the group
worked together to select the best activity based on their goals, "So, what fits our goal the best, our end
goal?" But, after this, Gretchen noted, "And, ultimately, [the instructor] picked the last [example], so you
have that." The comment shows that while the team worked together to match the activity with their
goals, the instructor directed the group's work by "picking" the last part of the activity. Then, when the
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interviewer asked Gretchen why the instructor picked the last one, she said, "I never really asked her
why she selected it." In this example, the instructor dictated the content of the last part of the activity,
and the IST did not understand why that choice was made; thus, she likely did not feel ownership over
the decision.

The instructor-IST interactions in the co-creation process took many forms. In some cases, as we
detailed with Amanda's and Kelsey's comments, the co-creation between the instructor and a group of
ISTs led to deeper thinking and understanding. At other times, the instructor's role in the co-creation
took on more of a traditional role where the instructor determined the path of learning by selecting the
last activity used in Gretchen's lesson.

Theme 3: Creating versus participating
All seven participants discussed the final theme that emerged from the data analysis. In this theme, ISTs
described how they believed the process of actively engaging in the co-creation of the lessons, instead
of participating in the lesson, was central to their learning. It was evident that ISTs saw participation in
the lesson differently than co-creating the lesson. As Evelyn explained, "l think just sitting in a class and
learning about it is not as productive as actually doing it, creating it." For Evelyn, creation was central to
her learning. She further explained how participating in lessons does not make her feel as connected to
the content. It was not until she created and developed the lesson that she thought she would apply
the concepts to her work as an elementary school teacher. Evelyn continued, "l didn't understand it
personally, so, how would | be able to teach that [in my classroom] until we actually created a lesson
and delivered it?" For Evelyn, the creation process was necessary to gain the understanding needed to
implement this type of teaching in her elementary school classroom.

Kelsey described how being responsible for creating the lesson led to increased preparation and a
deeper connection to the content. She explained,

| am creating a lesson to teach so when | go to the lesson plan, | want to know everything. | want to make
sure | know ... you have a more emotional connection to it when you create opposed to when you are
receiving it, once you learned it, mastered it, and got it, you will have that same connection, but the creator
of it will ultimately have a deeper connection even understanding.

Kelsey's comment demonstrated her belief that the creator has a deeper connection with the material
than the person who participates in the lesson. Yolanda described feelings similar to those expressed
by Kelsey. In the quotation below, she explains how the creative process leads to increased
understanding.

Well, when you are creating something, number one, you are sensitive to it, because you created it, but
you have an overall understanding like you really, | don't want to say you understand it more than the
person that is receiving it but, you have planned it, you structured it, you've studied it, you've researched
it, you kind of know it in and out.

From the comments provided in the interviews, it was clear the ISTs in this study saw a benefit to
learning by being actively involved in the creative process. One noteworthy aspect of the quotations
provided by Kelsey and Yolanda is that both showed uneasiness in saying that the creator knew more
than the lesson participants but ultimately did conclude there was something about the creative process
that led to deeper learning. For example, Kelsey said about the participants, they "will have that same
connection" but followed it by saying the creator will ultimately "have a deeper connection." Likewise,
Yolanda said, "l don't want to say you understand it more than the person that is receiving it," and she
followed this up by arguing why the creator builds more understanding than the participant. These
quotations demonstrate the powerful role creation played in their learning.

Discussion

Building on prior research in PBTE, our study examined the engagement of ISTs in the co-creation of
practice-based lessons to determine what and how ISTs learned during the process. By engaging ISTs
in the co-creation process, our study contributes new evidence about how PBTE promotes learning.
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Using theories about the co-creation of learning and teaching (Bovill, 2020; Cook-Sather et al., 2014),
we hypothesised that ISTs would develop their ability to facilitate mathematical discussions by actively
creating practice-based lessons. Our analysis of pre-and post-assessment results offered support for
this hypothesis, as we found evidence that ISTs' ability to facilitate an effective mathematics discussion
improved in three areas: asking conceptual questions, building conceptual mathematical connections,
and using talk moves to facilitate class discussions. These results provided evidence that learning about
effective mathematical discussions occurred during the co-creation process, which led us to investigate
how this learning happened. We interviewed ISTs in our sample and found three themes that helped
explain how they learned. The themes were IST collaboration, instructor-IST interactions, and creating
versus participating.

An important contribution emerging from this work was the essential role creation played in helping
ISTs learn. While there is a large body of pre-existing research showing the value of participating in
practice-based lessons, the ISTs in this study indicated that the decision to use co-creation was not only
a significant factor in their learning but also led to deeper learning than would have resulted from merely
participating in such lessons. For example, one IST commented, "the creator of [the lesson] will
ultimately have a deeper connection even understanding.” This result is not surprising given the
extensive research showing the benefit of using student-centred, active learning experiences such as
co-creation (Bovill, 2020; Cook-Sather et al., 2014). Our results provide evidence that engaging ISTs in
the co-creation of practice-based lessons has considerable promise as a method for building their
capacity to teach effectively.

Implications for Teacher Educators

As we reflect on the results from this study, we would like to highlight some areas that could be of value
to mathematics teacher educators. First, we will discuss the Framework for Teaching Practice. During
the co-creation, which involved design, presentation, feedback, and revision, ISTs identified
representations of practice, decomposed the representations into manageable parts, and designed
approximations to engage others in the teaching practices.

However, we note that while the ISTs were aware of the Framework suggesting implementing these
practices in the following order: representation, decomposition, then approximation, the design process
did not exclusively follow this order. For example, one group began the lesson development by creating
an approximation of practice activity. Once this was complete, they wondered how they should present
students with a representation of this practice and later decided how to decompose it. Another group
started with decomposition (i.e., a list of talk moves, definitions, and examples), then developed an
approximation, and later identified a way to represent this practice. Interestingly, the design phase did
not exclusively follow the order of representing the practice, decomposing it, then developing the
approximation.

In-service teachers were flexible during the design phase of the lesson and moved through the
stages in the Framework in different ways. We highlight this because, like Janssen et al. (2015), we
suggest teacher educators should be open to alternative ways to enact practice-based lessons. In our
study, where ISTs took an active role in deciding how to incorporate these three practices into a lesson,
we saw that ISTs were flexible. Given their improvement on the post-assessment, we hypothesise that
this flexibility helped with their learning. While the Framework for Teaching Practice is undoubtedly
useful, we suggest that teacher educators think flexibly about the order in which practice-based lessons
are designed and presented in class.

The second implication from this work we would like to discuss stems from our findings about the
complexity of the interactions between the instructor and the ISTs during the co-creation process. The
co-created classroom is a social context where learning is linked to participation and the negotiation of
meaning (Wenger, 1998). While there are many strengths to this, the very nature of co-creation
challenges traditional teacher and student roles which can be troublesome for both students and
teachers (Cook-Sather, 2014; Land et al., 2005).
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For the instructor, engaging in co-creation is accompanied by, at least to some degree, a loss of
control over the learning and teaching in the class (Cook-Sather et al., 2014). The loss of control over
the content, goals, and activities in the classroom may provide a level of uncertainty for the instructor
that can be difficult. On the other hand, for students who are used to sitting passively and taking in
information, the new role as a co-creator may cause discomfort as they are asked to take on a greater
level of responsibility and action. As a result, an instructor willing to engage in co-creation may still face
resistance from students who are not used to this new approach to learning and teaching.

Even with students and instructors invested in and supportive of the co-creation process, there may
still be struggles since effective engagement requires different skills than students and instructors
typically need in traditional classrooms. The struggle exists partly because the instructor's role is not to
give over the creation to students but to engage in a partnership with the students. As Bovill et al. (2014)
explain, "It is not desirable to move from staff being completely in control to students being completely
in control. Partnership implies a sharing of responsibility, a respect for others' views and a reciprocal
relationship” (p. 4). So, managing the level of engagement among faculty and students can be difficult.

In this study, we saw evidence of the instructor's difficulty to engage in a partnership where they
are neither in control nor without control. One of our main findings from this study identified the
instructor's vital role in how ISTs learned. The instructor served as a source to provide valuable resources
and ideas to springboard ISTs' thinking and decision-making. However, we also found evidence that the
instructor occasionally took over the co-creation process and made decisions about the lesson plans
without having buy-in from ISTs. This finding confirms the difficulty instructors may have in staying
within the partnership and not falling back into the traditional role of one who controls the learning and
teaching in the classroom.

Instructors need to strike a balance to continue to support and facilitate while actively minimising
their control over the learning process. One approach might be to decide as a group how decisions will
be made (i.e., through a majority vote) so that the power remains distributed across all who are involved
(Bovill et al., 2014). Another approach that might be helpful is for the instructor to make their reasoning
visible to students if they do decide to step in and direct the learning path. For instance, as explained in
one of the examples presented in the Results, the instructor dictated to ISTs what the last example in
their lesson should involve. The instructor should be aware of this choice and realise she placed her
ideas above the partnership. This realisation can help the instructor reflect on why she made this choice,
which might lead her to make a different choice or explain her reasoning to the students about why she
is taking control of this decision. Being transparent is necessary if "we are to avoid students experiencing
empty claims of partnership that can lead to disillusionment and a sense that we are manipulating
students for our own purposes” (Bovill et al., 2014, p. 4). Consequently, for instructors considering co-
creation, it is essential to realise it will likely take time to build the necessary skills needed to maximise
this approach to instruction. Taking the time to engage in honest and open reflection about the
instructor's role in the partnership and creating classroom procedures that will support a student-
instructor partnership are essential steps toward making a productive co-created classroom.

Limitations and Future Research Directions

The results from this study established that the co-creation of practice-based lessons can be an effective
way to help ISTs learn about facilitating mathematical discussions and provide insight into how this
learning took place. Nevertheless, this study has several limitations. First, the sample size was small.
Seven ISTs participated in the study, and all seven were from a single university class, making it
impossible to generalise the results to a larger population. Second, the investigation into what ISTs
learned during the co-creation was limited to three areas related to facilitating discussions asking
conceptual questions, making connections, and using talk moves. This shows evidence that their
discussion skills improved, but the question remains whether ISTs developed a deeper understanding
of when and why to use these discussion strategies. Future studies should employ a larger sample across
classes and universities to examine teachers' performance and conceptual understanding of facilitating
discussions.
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Another limitation of this study was the presence of three students in the class who were pursuing
a doctoral degree and the role they may have played in the learning that took place among ISTs. Due
to their status as doctoral students and their position as researchers, their presence may have impacted
what and how ISTs learned during the class. That said, the doctoral students in the class were not experts
in facilitating mathematical discussions or designing lessons and were learning about these concepts
alongside their peers. Because of this, they were no more likely to direct the groups' decision-making
than any of their peers. However, future research should consider this and investigate samples
consisting exclusively of ISTs.

Lastly, the focus of this study was on ISTs' learning; however, future studies should also examine
instructors' learning. The instructor has likely taken on a new role by engaging in co-creation.
Understanding the instructor's role and learning more about how instructors and ISTs co-construct
knowledge is essential to gain further insight into the effectiveness of using co-creation to develop
practice-based lessons in a mathematics education course.

Past research established the potential PBTE has in supporting the development of teachers (Ball &
Forzani, 2009; Grossman & McDonald, 2008; Grossman et al., 2009b). Our study contributes to the prior
literature in this critical area by demonstrating that co-creating practice-based lessons helped develop
ISTs' facilitation of mathematical discussions, and our results detailed how this learning took place. It is
important to continue this research to investigate further how co-creation can build future and current
teachers' understanding of essential mathematics teaching practices.
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