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This paper examines the impact of an intensive professional development on practicing teachers’
mathematics discussion-leading practice. A tool for examining specific discussion-leading moves
was used to measure change in teachers’ practice as observed through submitted video
recordings of mathematics discussions. Participants included 33 teachers from three school
districts who submitted a total of 193 videos across the study. The findings reveal that the
professional development had differential impact on participating groups. We explore group
attributes that could contribute to these differential outcomes.
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Improving the teaching of mathematics remains a national priority and is critical for
improving the learning opportunities for mathematics students. Reforms designed to improve
teaching and learning have often centered on curriculum and standards, though studies
demonstrate that “no in-school intervention has a greater impact on student learning than an
effective teacher” (p.1, NCATE, 2010), indicating that closer attention to teaching quality is
essential. This is no small task, given the scale of the teaching force. There are simply not
enough teachers with the knowledge and teaching skills needed to reach all students (NCTQ,
2008; Ball & Forzani, 2009). This challenge requires robust professional development that can
contribute to improving the teaching and learning of mathematics.

We argue that teachers profit from well-designed opportunities to develop new visions for
practice, learn more about students’ thinking, or work on specific mathematical topics. However,
such opportunities are often insufficient to support teachers with the complexity of classroom
teaching. These kinds of professional opportunities focus on critical resources for instruction, but
not on the details of practice itself. The professional development (PD) that is the focus of this
research was an effort to address the challenge of supporting the learning of practice, specifically
mathematics discussion-leading practice. We situated the PD in a “common text” for working on
practice, where participants engage in a form of “legitimate peripheral participation,” followed
by structured opportunities to enhance their capabilities with discussion-leading practices.

Theoretical Framework

Our work is grounded in three bodies of work — conceptions of teaching and learning, teacher
learning, and discussion-leading practice. We conceive of quality teaching as critical in
advancing mathematics education. Mathematics teaching is something that people do; it is not
merely something to know. Teachers must use knowledge flexibly and fluently as they interact in
specific contexts with students, with the aim of helping those students become proficient with
mathematics. Conceptualizing the work of teaching as interactions among teachers, students, and
content, in environments (Cohen et al., 2003) has important implications for the design of PD. It
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means that simply knowing a lot of math is not enough to be able to help students learn
mathematics. Teachers must understand mathematics content and practices in specialized ways
that are attuned to their learners. Simultaneously, teachers must be able to engage in teaching
practices that enable them to interact with subject matter and students in multiple organizational
formats, and support students’ interactions with the mathematics being studied. Furthermore, the
complex nature of mathematics teaching and the ever-changing nature of the environments in
which teaching happens, also require a commitment to, and means of, professional learning in,
from, and for practice. Thus, teaching requires the integrated use of specific knowledge and
skills in particular contexts of instruction. This emphasis on (a) knowledge use, (b) attention and
responsiveness to learners, and (c¢) context forms the basis of our approach.

Decades of research have demonstrated that many approaches to PD do not adequately
support increases in teachers’ capabilities (e.g., Coalition for Evidence-Based Policy, 2013;
Cohen & Hill, 2001; Garet et al., 2001; Jacob et al., 2017). Often, teachers participate in a
patchwork of sessions where presenters share ideas and raise enthusiasm without sufficient focus
on teachers’ opportunities to develop mathematical knowledge (Little, 2001; Wilson & Berne,
1999), adequate engagement in practice (Darling-Hammond, 1998), or connection with practice
(Ball & Cohen, 1999; McLaughlin, 1990; Olson & Craig, 2001). Typically, U.S. teachers’ PD
opportunities are neither sufficiently “curricular” nor effective for improving practice. In
contrast, the structure of our PD reflects the five elements of effective PD identified by
Desimone and Garet (2015). First, our PD had a “content focus,” --the practice of leading
discussions in elementary mathematics, focusing on number and operation, which spans
elementary grades. Second, the PD was designed to be “active” with opportunities to engage in
leading discussions. Third, the PD was “coherent” in focus, centered on building skill with
leading mathematics discussions. Fourth, the 36 hours of PD is aligned with the “sustained
duration” associated with positive outcomes for teachers and students (Lynch et al., 2019; Yoon
et al., 2007). Finally, “collective participation” was embedded across the PD.

The PD was designed to support the learning of teaching practice by situating learning inside
of elementary mathematics classroom instruction. The PD used a classroom as a “common text”
for working on practice, where participants were not only watching and discussing, but were
engaged in developing and learning practice. This common text creates opportunities for
participants to 1) examine lesson plans and student tasks, 2) discuss the plans and tasks with the
teacher of record, making adjustments together, 3) observe the enactment of the discussed lesson,
including deviations from and adjustments to the planned lesson, 4) collaboratively review
students’ daily work in response to the teaching, and 5) debrief the teaching of the lesson,
unpacking together adjustments and deviations from the plan, the mathematics that unfolded
during the lesson, and moves the teacher made to engage students in mathematics discussion (see
Shaughnessy et al., 2017).

In addition to engaging in this collective legitimate peripheral participation, the PD involved
a focused work designed to improve skill with leading mathematics discussions. Our definition
of mathematics discussions entails a period of sustained dialogue among students and the teacher
where students respond to and use one another’s ideas to develop collective understanding. This
requires teachers to engage in areas of work, including launching and concluding the discussion,
recording and representing content, and orchestrating the discussion by eliciting and probing
student thinking, orienting students to one another’s thinking, and making contributions. For a
detailed description of this work, see Shaughnessy et al. (2021). Our study investigates the
impact of the described PD on teachers’ enacted discussion-leading practice.
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Methods for Studying Professional Development Impact on Practice
Participants

The full study spanned three iterations of the professional learning involving variations of the
setting of the PD (on site or remote) and the components of the PD (peripheral participation with
and without the focused discussion-leading session). This paper focuses on three participant
groups from iterations 1 and 2 and reports on the impact of the full PD (both peripheral
participation and the focused discussion-leading session) on their discussion-leading practice.

Group H1 consisted of 12 teachers from one school district in the midwestern United States,
10 of whom had completed more than three years of mathematics teaching. This group attended
on site. Two researchers co-facilitated the practice-based discussion session.

Group H2 consisted of 10 teachers from one school district in the midwestern United States
(different from the district in Group H1), seven of whom had completed more than three years of
mathematics teaching. This group attended on site and one of the facilitators from Group H1 led
the practice-based discussion session.

Group A2 consisted of 11 teachers from a large urban district in the northeastern United
States, nine of whom had completed more than three years of mathematics teaching. This group
gathered in one location with the other Group H1 facilitator to live-stream and engaged via a chat
function in the peripheral participation portion before engaging in the practice-based discussion
session with the facilitator.

Data Sources

The PD goals were multi-faceted, taking on many aspects critical to the teaching of
mathematics. These goals included teaching practice, mathematical knowledge for teaching,
language for talking about teaching, and skill in close observation of teaching and students.
However, the primary goal was to increase participants’ skills with leading mathematics
discussions. The additional foci of enhancing language for talking about teaching, building skill
with close observation, and building mathematical content knowledge were in service of this
primary goal of improved discussion-leading practice.

This focus on improving mathematics discussion-leading practice necessitated the collection
of participants’ mathematics discussion-leading practice before and after the intervention. Six
videos were collected from each of the 33 participants in the months immediately preceding and
immediately following the PD, three pre-PD (in the last two months of school prior to the PD)
and three post-PD (in the first two months of school). The set of three videos consisted of two
lessons identified by participants as examples of mathematics discussions and one lesson
provided by the research team. The selection of mathematical tasks used in a discussion and the
content focus impacts the moves that teachers can make when leading discussions as well as the
overall trajectory of the discussion, so the third video record of a mathematics lesson used a
provided task accompanied by a detailed lesson plan. The video recording of the provided lesson
also allowed for a more direct comparison across participants. The topic, task, and lesson
structure were constant across participants and across time periods (pre and post). A small
number of videos were not included in the analysis. Four videos from Group H1 and one video
from A2 were not included in the analysis due to the format of the lesson (lecture only,
completing practice problems, or small group instruction only).

Data was also collected around the supporting foci, both to measure incoming skill in these
areas and to measure potential changes resulting from the intervention. One such measure was
utilized for examining changes in teachers’ mathematical knowledge for teaching. The Learning
Mathematics for Teaching survey (LMT, 2008), was selected as a pre- and post-intervention
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measure of teachers’ mathematical knowledge for teaching. The PD itself had multiple content
strand foci as the PD encompassed both peripheral participation in a grade 5 mathematics
program focused on fractional reasoning, operations with integers, and mathematical
argumentation as well as a practice-based discussion session focused on number and operations.
The trajectory of the classroom content is naturally dependent on students’ progression and
uptake of the content alongside the teachers’ decisions about the trajectory of the work. For that
reason, an LMT form focused on the Number and Operations was used. The LMT was
administered in the same time frame as the video collection.

Selection of Tools for Data Analysis

Many measures exist for evaluating student outcomes of mathematics lessons, but fewer
measures exist for measuring mathematics teaching practice, specifically mathematics
discussion-leading practice. To determine changes in both the overall quality of the mathematics
and in the specific moves that teachers were using in their discussion-leading practice, tools that
are oriented on these qualities were needed.

Mathematical Quality of Instruction. The Mathematical Quality of Instruction instrument
was selected to measure the overall mathematical quality of the lessons (Hill et al., 2008). This
tool is not aligned with any particular orientation to the teaching of mathematics (e.g., reform-
oriented instruction) or to a particular lesson structure, but rather to the depth and quality of the
mathematics content available to students during instruction allowing us to discern, for each
lesson, the richness of the mathematics, the precision and accuracy of the mathematics
instruction, students’ involvement with content through Common Core-aligned mathematical
practices, and the teacher’s ability to interpret and respond to students’ mathematical ideas.

Discussion Leading Checklist. A complimentary tool was designed to examine teachers’
specific discussion-leading moves. In prior work, a discussion-focused checklist tool was
developed to formatively assess beginning teachers’ practice. Using the tool entailed recording
the presence or absence of particular discussion-leading moves to support the noticing of the
work done by teachers in a specific discussion. A previous study showed that the tool was able to
reveal variations in practice across teachers and provide fine-grained detail about the skill of
teachers in leading mathematics discussion while also accounting for existing classroom norms
(Shaughnessy et al., 2021). Because our PD involved practicing teachers, we expanded the list of
possible moves in the checklist to more accurately capture the range of moves made by
experienced teachers. These additions included advanced areas of work, such as supporting
students to make connections and extending and revising student ideas. The checklist tool was
designed to capture the presence or absence of particular moves. The tool was not designed to
judge the skill with which the move was enacted or students’ responses to the move. This is in
tension with our desire to capture the quality of teaching. However, the decision was made to
account for teachers’ attempts to enact different discussion leading moves as we are considering
the learning of teachers. Our main goal is to determine whether teachers are trying out new work
to improve their practice. We know that trying out new work often results in less than perfect
outcomes, particularly in early implementation. We did, however, want to capture problematic
implementation to determine whether problematic enactment increased, decreased, or stayed the
same before and after the intervention. To that end, the checklist tool also included a section for
“issues” such as consistently ineffective probes, as well as an overarching rating indicating
whether the instruction in the video was aligned with our definition of a discussion. This
overarching rating is meant to serve as an acknowledgement that discussion-leading is more than
the sum of the parts that can be captured in a checklist tool.
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The tool necessarily focuses on specific observable moves that teachers make while leading a
discussion, categorized both by the phase of the work (e.g., task set-up, discussion launch,
orchestration, conclusion) and by the buckets of work that teachers must do (e.g., eliciting and
probing student thinking, orienting students to one another’s thinking, supporting students to
make connections). This organization allowed for observations about the density of work in a
particular area (e.g., the number of different moves a teacher used to orient students to one
another’s thinking) and the spread of work across a discussion (e.g., whether a teacher was doing
work in all possible areas or if the work was concentrated in one or two areas). Each observable
move was marked as present, not present, or not applicable (NA). The code of NA was used
judiciously in cases where the move was unnecessary. For example, NA could be used if the task
selected precluded a range of responses or methods to be shared or if the teacher did not need to
further probe student contributions due to the level of detail of the contribution. Many moves had
possible available codes of “once,” “more than once,” and “‘student initiated” to support the
ability to analyze the frequency and the extent to which established norms seemed to be
influencing the work of the teacher. For our analysis, these three codes were collapsed to present.
Data Analysis Methods

Mathematical Quality of Instruction. The 193 videos in this study were coded using the
discussion checklist tool and the MQI. MQI coders attended MQI training and were certified as
raters. Videos were double-coded for both instruments using associated coded books. Coders met
to reconcile discrepancies for each video prior to entering final codes and resolved differences
via discussion and referencing the codebooks. MQI coding was applied to equal-length chapters
of the full video (approximately 7.5-minute segments), with the number of chapters determined
by the length of the video. Each chapter was scored on five domains. The full video was scored
on nine factors and assigned one overall score for the lesson. Chapter scores were used to create
aggregate video scores for the chapter-specific points. In addition, aggregated pre- and post-
intervention MQI scores were created for each participant using mean scores.

Discussion Checklist. The discussion checklist coding was applied to videos. Composite
scores were created for each area of work represented in the discussion checklist tool. For those
areas where work was consistently possible, sum scores or scaled mean composite scores were
used to represent the amount of possible work that occurred relative to the available work. For
example, an Orienting composite variable was created using the sum of the “present” moves.
There were five possible moves - posing questions to students about others’ ideas, asking
students to restate another’s idea, responding to another student’s idea, adding to an idea, and
interpreting the strategies of others — that could be observed. For eliciting, a scaled mean score
was used to represent that there were four possible moves - eliciting multiple ideas, eliciting a
range of responses, engaging several students in sharing ideas, and eliciting students’
mathematical processes. A scaled mean was used to enable comparison between teachers who
had all four moves available and those who only had three moves available due to task selection
(e.g., arange of student responses is unlikely given the task). Composite variables included task
setup, discussion launch, eliciting, probing, orienting, generic orienting, connecting/ extending/
revising, concluding, and issues. A detailed description of the checklist items associated with
each composite score can be found in Table 1.
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Table 1: Composite Variable Descriptions

Variable

Description

Task Set Up

Composite score takes into account the work the teacher does to help students
make sense of the task (including reading, restating, and unpacking context),
whether the teacher maintains cognitive demand of the task, and whether the
students are sufficiently prepared to begin the mathematical work.

Launch

Sum score takes into account whether the teacher had the attention of all
students before launching the discussion, is concise and on-task during the
launch, and explicitly states the goal of the discussion.

Eliciting

Scaled mean score takes into account the work of eliciting multiple ideas,
eliciting a range of responses, engages several students, asks about processes.
Because not all tasks allow for a range of responses, a conditional mean was
calculated based on whether a range was possible, then the mean was scaled.

Probing

Score takes into account the work of posing questions to get students to
explain their understanding of relevant mathematical content or processes, or
follow-up questions focused on why a student did particular work.

Orienting

Sum score included posing questions to students about others’ ideas, asking
to restate another’s idea, responding to another’s idea, adding to an idea, and
interpreting the strategies of others.

Generic
Orienting

Sum score accounted for generic orienting moves such as encourages the
class to attend/listen/respond, uses turn-and-talk to encourage discourse,
elicits student to student discourse, and uses moves that require all to respond
to others’ work.

Revising

Score focuses on moves to supports students to revise their work.

Connecting/
Extending/
Revising

Composite mean takes into account moves including asking students to
identify similarities/differences, supporting students to connect to past work,
supporting students to connect to the problem context, supporting students to
connect between representations, examining efficiency, generating
hypothetical situations to extend thinking, and supporting students in revising
their thinking.

Concluding

Sum score accounting for the teacher making a closing statement, supporting
students in remembering a key idea, and taking stock of the discussion.

Issues

Sum score accounting for problematic moves such as inaccurate revoicing,
mathematically problematic contributions, over-scaffolding, consistently
using ineffective probes.

Aggregated pre- and post-intervention discussion checklist scores were created for each
participant using mean scores. Kruskal-Wallis tests and independent samples tests were
performed on pre-data to determine whether differences between participants by study group

existed. Significantly different distributions were found for study groups, indicating that separate
analysis of these groups is necessary. For each group of teachers, independent samples tests were
examined for the discussion checklist score pre and post PD. These tests included Levene’s test
for equality of variances and #-tests for equality of means. Paired samples z-tests for aggregated

case data were examined by study.
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Findings

Examining the data disaggregated by study group, we noticed differences in outcomes of
three groups who received the full PD. Next, we unpack the features of these groups, their
experiences, and their outcomes to investigate factors that influence participant outcomes.

Group H1. The first group of participants received PD in the first iteration of the study. The
content of the peripheral participation experience focused squarely on setting up tasks for
productive work, eliciting and probing student thinking, and supporting students to engage with
others’ ideas, the foundation for orienting students to one another’s thinking. The participants
observed minimal full-class mathematics discussion-leading work. The student group was not
accustomed to engaging in discussions and the teacher had extensive groundwork to do to move
toward productive discussions. The focused discussion-leading session supported participants in
building their knowledge and skill with launching discussions, orienting students to one
another’s thinking, representing and recording content, and concluding discussions.

This group entered the professional development with a group LMT score of approximately
0.51 standard deviations above the mean. Overall, few discussions were led prior to the PD, with
approximately 20% of the submitted pre-videos rated as aligned to our definition of discussion.
Despite a low number of discussions being led, the mean score of the submitted lessons (M =
3.222, SD = 0.43) on the MQI Whole Lesson Mathematical Quality of Instruction was slightly
above the middle rating of 3.0 on a 1-5 scale.

Following the PD, this group showed a nearly significant (»p = 0.053) increase on paired #-
tests in the number of discussions led, with approximately 36% of submitted post-videos
demonstrating a discussion. This group also showed significant increases in task set-up (p =
0.012), eliciting (p = 0.009), and concluding (p = 0.016). Nearly significant increases were
shown in probing (p = 0.077), generic orienting (p = 0.084), and revising (p = 0.056).

Group H2. The second group of participants received PD in the second iteration of the
study. The content of the peripheral participation focused on the full spectrum of discussion-
leading practice, beginning with work on setting up tasks for discussion and eliciting student
thinking, followed by orienting students to the thinking of others, with the sophistication of
orienting moves increasing across the experience. The content of the focused discussion-leading
session was identical to the first iteration.

This group entered the professional development with a group LMT score of approximately
0.27 standard deviations below the mean. Overall, few discussions were led prior to the PD, with
approximately 15% of the submitted pre-videos rated as aligned to our definition of discussion, a
slightly lower percentage than Group H1. The mean score of the submitted lessons (M = 2.7407,
SD = 0.49) on the MQI Whole Lesson Mathematical Quality of Instruction was slightly below
the middle rating of 3.0.

Following the PD, the group showed no significant difference in the number of discussions
(p = 0.347) or any category captured by the checklist tool. Near significant increases were seen
in generic orienting (p = 0.069).

Group A2. The third group of participants received PD in the second iteration of the study.
The peripheral participation was completed via live-stream and the focused discussion-leading
session was delivered by the facilitator who co-facilitated the session in the first iteration of the
study. The content of the peripheral participation was identical to that of Group H2.

This group entered the PD with a group LMT score of approximately 0.65 standard
deviations above the mean. A high number of discussions were led prior to the PD, with
approximately 89% of the submitted pre-videos rated as aligned to our definition of a discussion.
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Additionally, the mean score of the submitted lessons (M =3.8611, SD = 0.54) on the MQI
Whole Lesson Mathematical Quality of Instruction was well above the middle rating of 3.0.

Following the PD, the group showed no significant difference in the number of discussions
or categories captured by the tool. Nearly significant increases were seen in
connecting/extending (p = 0.055) and revising (p = 0.080).

Discussion and Implications

There were clear differences in the outcomes of the three study groups, with study group H1
showing the most gains from the PD. We hypothesize three potential reasons for these
differences. The first potential hypothesis focuses on the content of the peripheral participation.
Group H1 experienced peripheral participation where the discussion-leading work of the teacher
was slower in pace, more repetitive, more deliberate, and more challenging than that of the
peripheral participation of Group H2 and A2. It is possible that the pacing and repetition made
this work more accessible to participants than the smooth, quickly progressing work of iteration
2, thereby allowing participants to consider the specific moves the teacher was making and how
they might be incorporated into their own classrooms. They may also have identified directly
with the challenges of this work and were ready for the same challenges in their own classrooms.

A second possible hypothesis for the differences is related to incoming knowledge and skills.
Groups H1 and A2 both entered the PD with above average mathematical knowledge for
teaching and above average mathematical quality of instruction as measured by the whole lesson
MQI score. Group H1, however, was not engaged in consistent discussion-leading, unlike Group
A2. One explanation for the changes seen in Group H1 is that they had the mathematical
knowledge to lead discussions and strong general mathematical instructional skill, but did not yet
have discussion-specific skills, but improved in this area following the PD. In contrast, Group
A2 brought mathematical knowledge, general mathematical instructional skill, and high
discussion-leading skill and so they had less room for improvement. Group H2, on the other
hand, entered with low mathematical knowledge, below average mathematical quality of
instruction as measured by the whole lesson MQI score, and the lowest level of discussion
leading practice of the three groups. It is possible that low mathematical knowledge combined
with below average mathematical quality of instruction meant that these teachers were not yet
ready for the pace of the PD or to focus on discussion-leading practice.

One final hypothesis is related to contextual factors, which were not measured by the
instruments described in this paper. The teachers in Groups H1 and A2 were in consistent school
environments where their grade level assignments were stable and their administrators appeared
to support their involvement in the PD. Participants in Group H2, on the other hand, discovered
during the PD that they would all be changing grade-level assignments due to administrators’
decisions based on student outcome data. Learning about this change likely distracted their focus
and a grade change can be challenging for implementing new techniques.

Further analysis is needed to determine which of these factors most impacted the PD
outcomes. However, the current results do point to the importance of teachers’ incoming
knowledge and skills to the outcomes of mathematics professional learning.
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