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Abstract: This study presents an analysis of 95 lesson play scripts—hypothetical dialogues between
the teacher and a student—written by 32 preservice teachers (PSTs). Writing lesson scripts was part of
the assessment design activities to elicit and respond to students’ thinking. The findings present the
types and frequencies of teacher talks/moves in fraction-related tasks during a stage of lesson plays,
such as launch, active elicitation, and closure. Our analysis indicates a wide range in the number of
turns taken by the PSTs, while there is little correlation between the number of turns and effectiveness
at eliciting and responding to student thinking. The study also confirmed that some unproductive
talk moves were still present in the lesson play context, although the PSTs had plenty of time to craft
a script. This study drew implications of PSTs’ prior perceptions, experiences, knowledge, and needs
in mathematics teacher education regarding the ways to create learning opportunities for them to
elicit and respond to student thinking.
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1. Introduction

Students’ mathematical learning occurs via numerous visible and invisible interactions
in the classroom. One challenge for teachers is gaining access to students’ mathematical
thinking to provide appropriate support. Accordingly, research on mathematics teaching
urges teachers to develop professional noticing skills in the classroom [1,2] along with
their capacity to elicit, make sense of, and respond to student thinking [3—-6]. Meanwhile,
there has been an increasing focus on the curriculum in teacher education for supporting
preservice teachers (PSTs) to develop professional core practices [7,8], which later became a
useful idea as the use of approximations of practice in teacher education [8] became common.
That is, through the use of approximations of practice, novices can have opportunities to
“engage in practices that are more or less proximal to the practices of a profession” [8]
(p. 2058). Here, the practices are designed to support the core skills of PSTs, which include
analyzing written cases, engaging in live role plays, generating components of practice,
or enacting the practices in an intellectually safe and productive environment in teacher
education programs.

Recently, some researchers have suggested writing lesson plays to offer approximations
of practice [9]. Lesson plays are imagined interactions written in verbatim form, which cre-
ate a “bridge between a plan for action and its implementation” while offering researchers
a window to investigate one’s mathematical knowledge for teaching [10] (p. 271). This
study utilized the lesson play method to identify a group of PSTs” ways of eliciting and
responding to students’ thinking and understanding. In recent years, a core competencies
list and high-leverage practices are often referred to as part of the teacher education cur-
riculum. While these practices—such as eliciting students’ thinking—sound self-evident, it
is elusive how the construct is actually interpreted and put into practice by novice teachers.
By offering the opportunity to write lesson plays with approximations of practice in mind,
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this study intended to provide PSTs with the space to interpret for themselves the practice
of eliciting and responding to students’ thinking. The overarching question that guided
this study is as follows: What are the characteristics of PSTs” conversational strategies as
they elicit and respond to student thinking as reflected in lesson play scripts? To answer
this question, this study analyses patterns regarding the following aspects: (a) frequency
of the teacher follow-up questions to elicit and respond to student thinking in lesson play
scripts, and (b) types of the teacher’s conversational strategies in the launch, elicitation,
and closure stages of lesson play scripts.

2. Related Literature
2.1. Teacher Questioning, Talk Moves, and Eliciting and Responding to Students’” Thinking

Posing appropriate questions in the classroom with a clear intention and purpose is
a critical instructional skill, which should be learned and refined [7,11]. Combined with
the importance of promoting student engagement and noticing students” mathematical
thinking [12] for productive mathematics instruction, recent research in mathematics
teacher education stresses that skillful elicitations and responses to student thinking should
be among the core practices to be fostered in teacher education programs [13,14].

The research on verbal classroom interactions has a long history, probing both quanti-
tative and qualitative aspects. Some studies focus on the quantitative aspect of interactions,
reporting that teachers’ questioning made up the majority of classroom verbal interac-
tions [15,16]. However, research also considered the purposes and patterns of teacher
questioning. A typical pattern of classroom interaction is frequently referred to as the IRE
Initiation-Response-Evaluation (IRE) or Initiation-Response-Feedback (IRF). This three-step
sequence is often associated with closed questions, which are mostly used to check for the
acquisition of general information; some educators suggest avoiding or minimizing this
conversational pattern. Many studies about teachers’ questioning report that teachers pre-
dominantly use closed, low-level questions rather than open, high-order questions [17,18].

Nevertheless, educators also admit that this IRE/IRF sequence of interactions is not
exclusively associated with closed questions; this pattern can offer more open opportuni-
ties when it is combined with appropriate follow-up questions, moving beyond simply
providing evaluations or feedback (cited in [19-21]). Building on the potential of teachers’
follow-up questions to enrich the discourse patterns in mathematics classrooms, many
educators suggest that teachers use the third turn in this sequence more productively
and extend the third turn with various follow-up questions purposefully responding to
students’ responses.

For example, Chapin, O’Connor, and Anderson [22] suggested various talk moves,
which refer to teachers’ verbal actions that effectively elicit, expand, and support students’
thinking. Some examples include as follows: (a) using wait-time to create space for students
to process the question and prepare an answer, (b) revoicing a student’s contribution,
(c) asking students to restate another student’s contribution, (d) prompting students for
further discussion, and (e) asking students to apply their own reasoning to someone else’s
reasoning. These talk moves offer teachers the opportunity to better elicit and respond
to student thinking, but they also help students feel heard. A recent study [23] reports
that teachers identified by students as promoting mathematics discussions tended to ask
follow-up questions that increased and sustained student participation in mathematics
discussions. These findings suggest by asking follow-up questions, the teacher listened
and responded to students’ ideas, and the students felt heard.

Prior research on teacher questioning often describes the IRE/IRF pattern. However,
given the recent attention towards productive talk moves, along with the recognition
of elicitation and response as core teaching practices, the present study suggests that
the IRE/IRF pattern is unsatisfactory. This study proposes that the IRE/IRF pattern be
redefined as Initiate-Respond-Elicit and Initiate-Respond-Follow-Up. Additionally, the
PSTs should be given more intentional opportunities to practice this skill in their teacher
education programs as it might not be a familiar practice when they were students.
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2.2. Studies on PSTs’ Eliciting and Responding to Student Thinking

There has been some discussion on what constitutes the good practice of eliciting
and responding to students’ thinking for in-service teachers. Lampert [24] urges teachers
to initiate and support social interactions for mathematical arguments in response to
their students” conjectures. This contrasts with the conventional approaches in school
mathematics that rely on authority for ratification, emphasize rules and formulas, and
keep students silent without explicit student thinking. Borko’s review [25] of research on
teacher professional development highlights the teacher’s facilitator role to guide student
thinking and elaborates on how teachers develop ways to elicit and listen to their students’
mathematical thinking.

Studies on PSTs” practicing of eliciting and responding to student thinking have been
relatively sparse until recent developments in practice-based teacher education. In practice-
based teacher education, sets of core practices or high-leverage practices are identified to
support novice teachers in learning how to competently enact those practices [26,27].

There have been some studies probing PSTs’ skills of questioning, eliciting, and
responding to student thinking. Some studies used clinical interviews with real stu-
dents [11,28,29]. Others used teaching simulations with a hypothetical student profile
(i.e., a person whose actions and statements are guided by artificial reasoning and respond-
ing, including scripted responses) [4]. In recent years, teaching simulations via digital
platforms also have become more popular [30].

This overview briefly summarizes, compares, and contrasts the contexts and findings
of five selected studies that reported PSTs’ performance on eliciting and responding to
student thinking (Table 1).

These five studies involved elementary PSTs who were at different stages in their
teacher education programs. These studies specifically examined the knowledge of and
skills regarding questioning, eliciting, and responding to students’ thinking. They all used
the one-on-one assessment interview context with real students or hypothetical students.
These studies share some findings in terms of areas for improvement: (a) the need to refrain
from instructing students rather than eliciting their thinking, asking leading questions, or
filling in the student’s thinking are commonly observed teacher actions when asked to elicit
student thinking and (b) the need to probe more to elicit student mathematical thinking.
Informed by prior studies, the present study intentionally includes some components in
the planning process to get the PSTs” attention.

2.3. Lesson Play as a Medium for Approximation

In recognition of the challenges involved in developing pedagogical practices, ed-
ucators have emphasized designing pedagogical approaches that help PSTs engage in
developing teaching practices. Grossman et al. [8] propose the pedagogies of enactment,
including representation, decomposition, and approximation of practice. Representation
of practice intends to make teaching practice visible for analysis and reflection. Decom-
position, the breaking a practice into constituent parts, helps PSTs attend to the discrete
components of teaching. Approximation refers to the engagement in components of
practice under conditions of reduced complexity [8] (p. 2055).
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Table 1. Studies on PST performance in eliciting and responding to student thinking.

Study/Participants/Context

Categories of PST Interactions Identified and Examined

Moyer and Milewics [11]

48 elementary PSTs (the senior year before final internship
placement for teacher certification)

One-on-one diagnostic mathematics interviews with
children ranging in age from 5 to 12

Making a checklist (the PST proceeds from one question to the next with little regard for the child’s response):

Posing few follow-up questions

Indicating verbal checkmarks only

Instructing rather than assessing;:

Leading questions that direct the child’s response

Abandoning questioning and teaching the concept directly

Probing and follow-up (invite or further investigate the child’s answer):
Questioning only incorrect responses

Non-specific questioning

Competent questioning

Groth, Bergner,

and Burgess [28]

Four PSTs (two elementary and two secondary)
One-on-one pre- and post-assessment interviews with
elementary students (Grades 3 and 5)

e  Cognitive and affective preparation to establish a relationship with a student in the context of a clinical interview: Somewhat
neglected by the PSTs.
Teacher vs. interviewer stance: Difficult for PSTs to avoid guiding children rather than assessing their thinking.
Objective researcher vs. active participant: Need to learn how to deviate from the prepared script.
Quantity and quality of probes: Spontaneously formulating probes was particularly difficult.

Weiland, Hudson, and Amador [29]

One pair of elementary PSTs

Formative assessment interview over ten weeks with two
elementary students to examine changes over time

Problem-Posing Questions

e Protocol: PSTs directly ask questions taken from the protocol or slightly modified from the protocol.
Framing: PSTs use tasks/questions that are not on the protocol to introduce/frame the prepared tasks/questions on
the protocol.

e  New: PSTs ask tasks/questions that are not on the protocol.

e Repeat: PSTs repeat questions to refocus the students or react to students’ questions.

Instructing-Rather-Than-Assessing Questions

e  Teaching and telling: Instruct students

e  Leading questions: Talks that offer hints or cues

Follow-Up Questions

o  Competent: Questions in response to student response to build on, justify, and explore reasoning.
e Incorrect: Questions in response to student response to tell the response was incorrect.

Areas for Further Development

e Asking leading questions
e  Creating opportunities to probe student thinking
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Table 1. Cont.

Study/Participants/Context

Categories of PST Interactions Identified and Examined

Shaughnessy and Boerst [4]
47 elementary PSTs in the initial stage of teacher education
One-on-one interview with a hypothetical student

Moves that Require New Learning

e  Eliciting/probing students” mathematical thinking (PSTs were not effective in asking the students to document their process to
solve the problem, posing an additional problem to learn more about the students” thinking, and probing their understanding
of the process and key mathematical ideas.)

Moves That Can Be Built Upon

e  Facing the student when asking questions and positioning the student’s work so that the student could see their work and
participate in the interaction.

e Asking questions that elicited the student’s process for solving the problem.

e Attending to the student’s ideas when they posed questions.

Moves that May Require Unlearning

e  Filling in the student’s process or understanding during the interaction.
o  Influencing the student to solve the problem using a particular process.

Kabar and Tasdan [31]

22 PSTs in nine working groups

Three clinical interviews of middle-school students
over a semester

Question Types Identified:

Factual Questions
Procedural-Next Step Questions
Leading Questions

Yes-No Questions

Probing Questions

General Questions

Four groups of PSTs did not change their questioning approaches from the first interview to the third interview.
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As teacher educators enact pedagogies of “approximation” [8], they offer “opportu-
nities [to PSTs] to engage in practices that are more or less proximal to the practices of
a profession” with varied authenticity [8] (p. 2056). An example of an approximation
pedagogy is the lesson play: authoring verbatim an imaginary written interaction between
a teacher and students [9,10]. Zazkis et al. [9] suggest that lesson plays can offer opportuni-
ties for in-depth discussions of key aspects of teaching mathematics prior to enactment.
Teacher educators and researchers have utilized these imaginative scripting approaches for
various purposes in teacher education (see [32] for more information).

The present study utilizes lesson plays as a medium for PSTs to practice the skills of
eliciting and responding to student thinking as well as for teacher educators to identify
patterns of questions and moves PSTs employ. Prior studies reviewed in the previous
section offered the approximation of practices using simulations with peers or teacher
educators working with real students or using hypothetical student profiles in one-on-one
scenarios. In both contexts, PSTs still face unexpected students’ responses and make in-
the-moment decisions, which can hinder researchers from deciphering the PSTs’ original
intentions. Thus, the reason for working with lesson plays in this study is to provide PSTs
with space and structure for more elaborated thought processes and opportunities to make
their intention more visible in less authentic contexts.

3. Method
3.1. Participants and Context

The study’s participants were 32 undergraduate PSTs enrolled in a required elemen-
tary mathematics methods course in a Midwestern university in the United States. This
paper’s author was the course instructor. Before taking this methods course, the PSTs had
completed two mathematics content courses focusing on number theory and geometry.
Typically, the PSTs took this course for one or two semesters before their final full-time
student teaching experience in an authentic classroom setting. This course had been a
lecture-based course with plenty of hands-on activities, aiming to present an overview of
the teaching of mathematics in elementary school. At the time of collecting data for this
study, the program and course were making a transition to a more practice-based teacher
education program. Concurrently with this course, the PSTs also had some field experi-
ences at local elementary classrooms consisting of observation and limited instructional
activities levels under the supervision of mentor teachers. However, at the data collection
time, the authentic interactions with real students were not available due to the global
pandemic situation. Thus, the lesson play method was utilized as a “bridge between a plan
for action and its implementation” [10] (p. 271).

Being the only mathematics methods course offered to PSTs in the program, it was
challenging to focus on specific topics or teaching practices over a long period. By the
data collection time, the PSTs had reviewed several documents, including the Common
Core State Standards for Mathematics (CCSSM) and the accompanying Standards for
Mathematical Practices [33], along with the guidelines for effective teaching practices [34]
and high-leverage teaching practices [14]. They also read several articles regarding teacher
questioning and talk moves [22] and watched short video clips related to teacher question-
ing techniques available via Internet-based teacher resources. The PSTs were also provided
with a brief introduction of lesson play by reading a chapter of Zazkis et al. [10]. Aside from
these introductory materials, the actual experiences with students in the field settings were
varied depending on the discretion of individual mentor teachers. Thus, this study focused
on the PSTs” developing perceptions of what constitutes effective elicitation of students’
thinking as influenced by the exploration stage in their teacher education program.

3.2. Task and Procedures

As part of course activities, the PSTs were required to develop a plan to assess a
fourth-grade student’s understanding of fractions through three sets of problems. Each
set respectively focused on the basic concept of fractions using the area model, number
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line representations, and the comparison of two fractions. Table 2 below shows the target
standards/objectives and requirements for each set.

Table 2. Requirements for each set of tasks.

Focus of the Question and

Problem Set . . Relevant Standards
Required Representations
. . . Understand a fraction 1/b as the quantity formed by one part

Basic concepts of fractions using the . . .

1 when a whole is partitioned into b equal parts; understand a
area model . . .

fraction a/b as the quantity formed by a parts of size 1/b.

2 Basic concepts of fractions using the  Understand a fraction as a number on the number line; represent
number line representations fractions on a number line diagram.

3 Comparing two fractions (no Explain equivalence of fractions in special cases, and compare
required representation) fractions by reasoning about their size.

The task consisted of two parts that were completed in and outside class time over
three weeks. The first part was planning a one-on-one interview with a fourth-grade
student. The PSTs were required to produce three question sets and include the following
components in their planning document: (a) three differentiated tasks (core, less chal-
lenging, and more challenging questions); (b) anticipated student confusion; (c) a list of
follow-up questions/prompts; and (d) anticipated student explanations. Informed by prior
studies reviewed in the previous section, the PSTs were asked to prepare additional prob-
lems that could be used to learn more about the student’s thinking [4] as well as follow-up
questions for responding to both correct and incorrect student responses [11,28,29].

The second part was writing a lesson play script for each question set based on the
planning document. When writing lesson play scripts, the PSTs were asked to consider the
following factors:

e These imagined assessment interviews would serve as diagnostic assessments of a
randomly chosen student whose personal and academic background was unknown.
Using the planned assessment, it was the goal of the PSTs to determine the level of the
student’s understanding against the chosen standards by eliciting their thinking. Thus,
there was no predetermined profile of the student as used in the prior study [4]. It
was intentionally left open to see how the PSTs” anticipation of the students’ confusion
and their improvisation of the breadth and depth of elicitation could be tailored to
various imaginary students in the lesson play scripts.

e  There was no required minimum or maximum number of talk turns included in the
lesson play scripts.

e  The PSTs needed to include all the teacher talk and student talk from the beginning to
the end, imagining they met a new student for an assessment interview.

e  The PSTs could end the lesson play scripts once they determined that they fully elicited
the student’s thinking.

This work intended to develop PSTs’ skills at eliciting individual student thinking,
which is a high-leverage practice in which teachers must be competent or else face signifi-
cant obstacles while trying to effectively teach [7]. This activity’s purpose was shared with
the PSTs before they began developing the planning document and lesson play scripts.

The PSTs produced three lesson plays for the three sets of questions. One PST out
of 32 PSTs did not write a script for one set of questions. Thus, we collected a total of 95
lesson play scripts for analysis. Appendix A shows a sample of the planning document that
contains the required components and the associated lesson play script by a PST for Set 1.

4. Data Analysis

A total of 95 lesson play scripts (two or three scripts from each of the 32 PSTs) were
analyzed to find trends within the data and reflect on their meaning [35]. The scripts were
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analyzed following the inductive content analysis approach by developing data-driven
codes [36,37]. This study was mainly grounded in the data within the study.

Several aspects were considered when examining the data. The first aspect was the
frequency of teacher—student talks. Additionally, the number of turns between the teacher
and the student in each lesson play script was noted, especially focusing on the teacher’s
follow-up questions to the initial student response.

The second aspect considered was the nature of the teacher’s follow-up questions
in three segments of lesson play: (a) launch, (b) active elicitation, and (c) closure. This
part of the analysis employed multiple stages to accomplish the open-coding process.
First, data were categorized based on the themes that emerged as the researchers read all
the lesson play scripts. To ensure reliability in the coding of the nature of the teacher’s
follow-up questions, two research personnel independently coded the data. There was
an 86% agreement between two coders, which met the minimum acceptable percent
agreement of 80% ([38] as cited in [39]). Two coders resolved any discrepancies between
their initial coding through discussion until they reached an agreement on the coding.
To highlight different approaches taken by the PSTs, the frequencies of codes in the PSTs’
scripts were calculated.

5. Findings

The first part of the findings reports the types of teacher talks and frequencies of
occurrence. Frequency is reported as the percentage of specific themes present in individual
PSTs’ responses. Some PSTs addressed multiple aspects, and thus we coded their work
into multiple categories, which resulted in some columns totaling more than 100%. The
first part of the findings provides examples that increase the PSTs” ways of eliciting and
responding to students’ thinking.

5.1. Frequency of Teacher Talks

By design, the task asked the PSTs to write a sequence of interactions consisting of
the teacher’s initiation of a question, the student’s responses, and the teacher’s listening
and posing additional questions to further elicit student thinking. This was intended as
a special form of the IRF as non-evaluative teacher questioning. Using the 95 lesson play
scripts written by 32 PSTs, the number of turns of teacher talk—including the first initiation
questions—was examined. The example shown in Appendix A consists of 14 turns of
teacher talks.

The average number of teacher talk turns was about eight, and the lowest number
was two, which ended the interaction with one simple cycle of I-R-F. The highest number
of teacher talk turns was 34. For analysis purposes, the number of turns of teacher talk
in each script was counted and categorized into three levels by convenience, as shown in
Table 3. Related analysis should be taken with caution. Although the longer turns are, the
more complex the teacher-students interactions may become [23], this categorization only
signifies the quantity—mnot the quality—of talks.

Table 3. Leveled frequency of teacher talk.

Frequency Level Based on the Number of Turns of

Number of Lesson Play Scripts (1 = 95 Scripts)

Teacher Talk
Low (1-5 turns) 30 scripts (Set 1: 13 scripts, Set 2: 10 scripts, Set 3: 7 scripts)
Middle (6-9 turns) 33 scripts (Set 1: 11 scripts, Set 2: 11 scripts, Set 3: 11 scripts)
High (10+ turns) 32 scripts (Set 1: 8 scripts, Set 2: 11 scripts, Set 3: 13 scripts)

Since each of the 32 PSTs wrote two or three lesson play scripts, the frequencies of
teacher talks in multiple scripts developed by each PST were also examined to see whether
the number of teacher talks was related to the individual PST’s capacity or preference.
The scripts written by 12 PSTs (36%) had the same level of frequency (e.g., PST #1's all
three scripts had a low-level of frequencies). The scripts of 17 PSTs (53%) had two levels
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of frequencies (e.g., PST #5's two scripts had low-levels of frequencies, and one script
had middle-level frequency). The remaining three PSTs’ (9%) scripts each had a level of
frequency (e.g., PST #1 wrote one low, one middle, and one high-level of frequency scripts).

Because the PSTs wrote three sets of scripts that focused on different mathematical
topics/representations, the frequency of teacher talk was also examined to see whether
the content mattered with the teacher talk frequencies in the scripts. The average number
of turns of teacher talk in Set 1 (fraction concepts using the area model) was 7.75 turns,
8.06 turns, and 8.90 turns, respectively for Set 2 (fraction concepts using the number line
representation) and Set 3 (comparing fractions without specifying the representation to use).

5.2. Types of Teacher Talk

In addition to the frequency of teacher talk turns, the type/intention of teacher talk
was also examined. The inductive approach yielded various codes/themes. Some are
similar to the items appearing in the extant literature as reviewed in the literature review
section. The codes/categories were identified in three sections of lesson play scripts:
(a) Launch (first teacher talk), (b) Elicitation, and (c) Closure.

Launch (first teacher talk). Table 4 shows the list of inductive categories used in the
analysis of the first stage of teacher talk during the launch portion of lesson play scripts
until the problems were first presented, prior to active elicitation. Here, the frequencies are
reported whether specific categories are present or absent in each script.

Table 4. Inductive categories and descriptions of teacher talking during launch.

Inductive

Categories and Example Total Low Middle High
gories P (n =95 Scripts)  (n =30 Scripts) (1 =33 Scripts) (n = 32 Scripts)
Descriptions
Presenting prepared written problems only 66 (69%) 22 (73%) 23 (70%) 21(66%)
Ii?i; o;ailzzctlo Teacher read: “What fraction of
prep the square is shaded?” 45 (47%) 16 (53%) 14 (43%) 15 (47%)
problems as " o
. Could you read the question?
written
The problem: “What fraction is on
the number line?”
Slightly elabo- Teacher said: “We are going to
rates/rephrases find the number that is shown on 21 (22%) 6 (20%) 9 (27%) 6 (19%)
problems the number line. We have four
choices here. Can you find the
number that’s marked here?”
Additional talk.s in addition to presenting 29 (31%) 8 (27%) 10 (30%) 11 (34%)
written problems
Chadson “Hive e e
background knowl- . S 13 (14%) 6 (20%) 5 (15%) 5 (16%)
edee/experience Do you ever see fractions outside
& P of school?”
Describes protocol “Here are some markers and
¢S pr papers. Feel free to use them 9 (9%) 2 (7%) 4 (12%) 4 (13%)
for interview .
whenever you need.
“We’ll be comparing, testing for
Informs math . o o o o
topics to be asked equlvailency, ar.1d ) 7 (7%) 3 (10%) 2 (6%) 2 (6%)
decomposing fractions.
Checks on key “Do you know what unit o o o o
terms fractions mean?” 7(7%) 2(7%) 2 (6%) 5 (16%)

Note. Some PSTs’ first teacher talks consisted of multiple statements with different purposes and forms, and those were included in

multiple categories. As a result, the sum of frequencies of subcategories in each column is not equal to the total frequency.
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About 69% of lesson play scripts started in a very neutral and straightforward way by
presenting prepared written problems and/or slightly rephrasing and elaborating on the
prepared questions. The low- and middle-frequency groups took this launching strategy
more often than the high-frequency group.

The rest of the lesson play scripts (about 31%) added additional components to
presenting prepared problems, such as checking on background knowledge/experience
and key terms and informing the student on interview protocol and the mathematics topics
to be focused on. The high-frequency group took this launching strategy more than the
low- or middle-frequency groups.

Teacher talks during active elicitation. An active elicitation starts after the teacher
presents the task, and the student provides their first response to the teacher. In this
study, the majority of lesson play scripts presented the task in the first teacher talk. Thus,
for most cases, the active elicitation started from the third turn of the interactions to the
teacher’s talk prior to the student’s final talk. Because each turn of teacher talk may include
multiple sentences with different purposes/intentions, each turn can be coded into multiple
categories. Thus, in this analysis, as shown in Table 5, the frequencies are reported by the
number of occurrences out of total meaning units (i.e., individual sentences or meaningful
phrases) used for analysis. The total number of meaning units considered was 748. A total
of 113 units, 234 units, and 401 units were considered in each low, middle, and high group
(see Appendix B for more detailed categories and analysis).

Table 5. Analysis of teacher talk during active elicitation.

Frequency of

Inductive Categories Occurrence Low Group Middle Group High Group
and Description (n =113) (n =234) (n = 401)
(n =748)
Elicitation of methods or 224 (30%) 47 (42%) 76 (32%) 101 (25%)
reasoning for actions *

Follow-up probing 198 (26%) 17 (15%) 49 (21%) 132 (33%)
Teacher-led process 102 (14%) 9 (8%) 30 (13%) 63 (16%)
Making connections 100 (13%) 19 (17%) 37 (16%) 44 (11%)
Modifying questions 57 (8%) 10 (9%) 23 (10%) 24 (6%)

Revoicing 41 (5%) 5 (4%) 13 (6%) 23 (6%)
Other miscellaneous 26 (3%) 6 (5%) 6 (3%) 14 (3%)

* Note: In case the PSTs utilized additional (differentiated) problems, more talks were coded in this category.

Elicitation of methods or reasoning for actions. About 30% of the total teacher talks
belong to this category. More than half of these examples focused on asking the student to
describe the methods used (e.g., “Can you tell me what you used and what you did?”). The
remaining examples asked for the reason for specific actions (e.g., “Could you explain why
you put the 1/2 and 4/6 where you did?”) or asked an open-ended question to explain the
response (e.g., “Could you explain your answer?”). Looking at each group’s percentage
frequency, the low group’s frequency was the highest.

Follow-up probing. About 26% of total teacher talks were devoted to further probing.
Almost 85% of the examples in this category intended to get students to further explain
their thinking about their actions or answers (e.g., “Okay, so you counted five squares.
How did you know it was 5/8 though?”). The remaining examples consist of either asking
for step-by-step procedures (e.g., “Okay, what is your next step after that?”) or asking the
student to explain/clarify the underlying meaning of their response (e.g., “So, you got six.
What does six mean?”). The high-frequency group wrote this type of teacher talk more
frequently than the other two groups, as shown in the groups’ percentage frequencies.

Teacher-led process. In about 14% of teacher talks, the PSTs tried to offer guidance
or hints. Among these examples, about 78% of the talks led the student to a specific
method/answer, explained the procedures to take, or suggested alternative strategies (e.g.,
“How about we try to find the common denominator? We want to try to make it the same
to see which one is bigger. Do you know how to find the common denominator?”, “First,
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you need to find a common denominator by multiplying denominators,” “Another skill
you could also try is drawing dotted lines and breaking up B into as many pieces of A
as possible”). Other examples in this category attempted to draw the student’s attention
to certain key aspects (e.g., “Are all the pieces evenly divided?”) or stated or wrote the
final answer before the student finalized their answer (e.g., “Yes, then you can put 411 under
here.”). In this category, the high-frequency group produced a slightly higher percentage
frequency than the other two groups.

Making connections. About 13% of the total teacher talks asked the student to show
their ideas using different representations such as drawings or manipulatives (e.g., “Can
you draw a picture to help me understand your thinking?”, “Could you show what that
would look like if you use fraction circles?”), or asked if the solution can be extended to
other situations (e.g., “So, how would we do this with non-unit fractions?”). The percentage
frequencies in the low and middle groups were slightly higher than in the high group.

Modifying questions. In about 8% of total teacher talks, the PSTs asked questions
that modified the original problems. About 46% of those talks utilized the differentiated
problems (e.g., less or more challenging questions) that were prepared in advance. For the
remaining examples, the PSTs modified the problem by breaking the original questions into
a series of small questions (e.g., “Let’s look at the square for the corn only. How much of
the square does the corn take up?”) or by rephrasing or changing the used representations
(e.g., “Let me rephrase,” “Let me write it down”) when facing the student’s confusion.
The percentage frequencies in the low and middle groups were slightly higher than in the
high group.

Revoicing. In about 5% of the total teacher talks, the PSTs used revoicing by restating
the student’s response to confirm (e.g., “Because you had a whole circle and you cut it in
half ... Is it what you are saying?”). The percentage frequencies in each group were similar.

Miscellaneous talks. About 3% of the total teacher talks did not specifically belong to
the above categories. Those include offering the student wait time (e.g., “I will give you
a minute to think”), checking for the student’s confusion (e.g., “So, did the parts of the
shaded circle confuse you?”), asking the student to recall what they have done and/or said
(e.g., “Do you remember what we talked about a fraction being in the first question?”), and
reminding the student of what to do (e.g., “Remember to use that number line.”).

5.3. lllustrative Examples from Active Elicitation

The types and patterns of teacher talks during the active elicitation stage reported
above revealed many different frequencies and types of requests the PSTs used to identify
student thinking through imagined interactions. Because PSTs were the writers of these
plays and designed the plot and defined each character’s actions and talks, the lesson play
scripts may be indicative of PSTs” knowledge and performance as well as their perceptions
about students’” ability and this specific core teaching practice. In addition to the quantita-
tive report, this section reports several examples that offer more nuanced insights into the
ways different categories might be intertwined.

5.4. Looking into Some Short Scripts

Although the small number of teacher talks does not necessarily result in ineffective
eliciting, it is worth noting some cases.

Ending scripts without active elicitation. A couple of scripts in the low-frequency
group presented the problem in several steps without starting any active elicitation. The
example shown below consists of two teacher turns where both were coded into the launch
category by reading the prepared question (see Figure 1). The student provided their
reasoning, but it was not based on the teacher’s eliciting.

Teacher: “John says that J of the square is shaded. Do you agree? If not, approximately
how much of the square is shaded?”

Student: “No, I don’t agree because if you split this in half (the square), this is half of
the square (pointing to the shaded part), and there are three parts, but they are not equal.”
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What fraction is located at the dotted spot on the number line?

Teacher: “How much of the square do you think is shaded?”

Student: “Half of it.”

This type of lesson play may be an indication of PSTs’ very narrow understanding of
what is involved in eliciting and responding to students’ thinking; this case indicates that,
for some PSTs, the main goal is to capture the student’s answer.

1
1) John says that ;d‘ﬁ.whm Do you agree? If not.
wmmmmumdmwhw

coxceck

Figure 1. Representing 1/3.

Overestimating the students’ ability and performance. Some lesson play scripts
ended abruptly without much teacher eliciting. In some of these scripts, students fluently
explained with great elaboration and ended with the teacher deciding that they fully
elicited the student’s thinking. Here are two examples (see Figure 2a,b):

How are the two fractions pictured equivalent?

——t—1—%—+—>

.

€

Figure 2. (a) Fractions on a number line. (b) Using models to represent fractions.

Teacher: “What fraction is located at the dotted spot on the number line?”

Student: “6/8.”

Teacher: “Can you explain how you got your answer?”

Student: “I counted the spaces on the number line. One, two, three, four, five, six,
seven ... Oh, I miscounted. The answer is 7/8 because the dot is between the numbers
zero and one and the number line is split into eight sections and the dot is located in the
seventh section. I thought the dot was at the sixth spot at first.”

Teacher: “Why is 7 the numerator and 8 the denominator?”

Student: “The dot is at seven, but the entire number line is divided into eight sections.”

Example 2

Teacher: “So the first question says. How are the two fractions pictured below
equivalent if each circle represents one whole?” (see Figure 2b)

Student: “The first fraction is 1/2 because there are two parts, and one of them is
colored blue. The second fraction has six parts, and three of them are shaded blue, so that
is 3/6. I know that 3/6 can be divided by 3/3, which will equal one half. So, they are
equivalent because they are both equal to one half.”

Teacher: “I see what you did. You started by looking at the first fraction and saw that
there were two equal parts and one of those parts was shaded in making the fraction 1/2.
Then you looked at the other whole circle which had six equal parts and three shaded
in so you knew the fraction was 3/6, but you noticed that both the 3 and the 6 could be

7
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simplified by 3 and that would make this fraction also 1/2. When looking at 1/2 and 1/2,
you know they are equal. Did I explain this correctly?”

Student: “Yes.”

Teacher: “Okay;, let’s take a look at the next problem.”

In the first example, the student realized the error in the initial answer and explained
the correct answer and what caused the error without any teacher prompts. In the second
example, the student immediately provided an answer and explanation in one turn, and
the teacher revoiced what the student said and concluded the interview.

The PSTs” weak mathematical knowledge. In this study, the PSTs were asked to
develop their own assessment items. Although the used fractions were simple, some
scripts apparently contained invalid /incorrect mathematical ideas and representations.

Example 1 (see Figure 3a) was the core question for Set 1 and was used in the lesson
play script. The PSTs” expected explanation in the planning document was as follows and
did not match with the provided representation in the problem: “3/6—There are six equal
sections and three are shaded, and the student can simplify to 1/2 if needed”.

(a) (b)
Figure 3. (a) Example 1. (b) Example 2.

The lesson play script also did not reflect this, as shown below:

Teacher: “Can you try to solve this for me?”

Student: “I am going to count the pieces because I was taught that in class. I see
one, two, three, four, five, and six pieces in the circle. I now see that there are three
shaded pieces.”

Teacher: “What would you do next? Use the markers if needed to solve the problem.”

Student: “So, I am going to put 3 with a line over the 6, and I get 3/6 fraction for
the answer.”

Teacher: “How did you get your answer? Talk me through it.”

Student: “Ijust counted the pieces of the circle and then counted the shaded parts after.”

Teacher: “That is an awesome way to doit.”

This PST used a similar incorrect representation for the more challenging differentiated
problem in the planning document but did not incorporate it in the lesson play.

Example 2 (see Figure 3b) was prepared for the more challenging differentiated
problem in Set 3 but was not utilized in the lesson play script. This PST noted in the
planning document that the answer is they are equivalent, and this problem would be
more challenging to compare because different shapes are used as the whole, without being
aware that the whole must be the same (with the same area). So, it is possible that if the
student answers they are equivalent, this PST could have ended the assessment without
further elicitation.

As the key understanding about fractions includes equal partitioning [40] and the
invariance of the whole [41], these PSTs’ lack of knowledge prevented them from further
eliciting the student’s thinking. In other scripts, similar problems were used as non-
examples and asked students to explain and justify whether the presented solutions are
correct, which yielded more elicitation.

Leading: teaching algorithms. Some scripts ended with very short interactions when
the teacher focused on teaching how to get the answer using the common denominator
algorithm. In the following example, a PST asked to compare 2 and 3 for the Set 3 core
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question (Note: According to the standard document, 11 is not the recommended size of
denominators in grade 4, but this PST chose this number).

Example

Teacher: “Which fraction is greater, % or %? You can use your pencil and show me
your math, too.”

Student: (drew out < and 13—0 by making blocks and shading in the numbers to
compare them.) “1; is bigger because 15—1 is split up into more parts and the % overlaps
the 3.”

Teacher: “Okay;, let’s look at this another way. So, we have %, and %. Instead of
drawing out squares and shading them, what’s another way to figure this out?”

Student: “I don’t know.”

Teacher: “How about we try to find the common denominator? We want to try to make
it the same to see which one is bigger. Do you know how to find the common denominator?”

Student: “No.”

Teacher: “Find all the multiples of 10 and 11. Then find one that matches. Then
multiply the numerators. Now we have % and %. So, we can say that % is actually
greater than 3;.”

Student: “Okay.”

Several scripts specifically guided the process of using the cross-multiply algorithm,
which is not considered to be the main problem-solving strategy at the target grade level.

5.5. Looking into Some Longer Scripts

Overall, more types of teacher elicitation prompts appeared, and incorporating antici-
pated student confusion and additional (differentiated) problems occurred more frequently
in the longer scripts. However, the scripts in the higher frequency group did not always
yield effective elicitation. Here are some examples:

More cycles of Simple IRE from anticipated confusion and additional (differentiated)
problems. The setting and the characteristics of imaginary students in the lesson plays
were intentionally open to see how the PSTs” anticipation of students’ confusion and
their improvisation of the breadth and depth of elicitation could be tailored to various
imaginary students. However, it was required for them to prepare a list of anticipated
student confusion and differentiated problems in their planning document.

Overall, 21 out of 95 scripts partially or extensively incorporated the anticipated
confusion in the planning document (4 scripts from the low-frequency group, 5 scripts
from the middle-frequency group, and 12 scripts from the high-frequency group). A total
of 37 out of 95 scripts partially or extensively incorporated the additional (differentiated)
prepared problems (5 scripts from the low-frequency group, 14 scripts from the middle-
frequency group, and 18 scripts from the high-frequency group).

One notable aspect is that incorporating the possible student confusion or additional
(differentiated) problems increased the number of teacher talks. However, this alone does
not guarantee meaningful eliciting and responding to the student’s thinking. For instance,
the following example is from Problem Set 2, and the PST anticipated some confusion in
identifying improper fractions and prepared three problems with different challenging
levels (see Figure 4).

b.
\ ¥ V

Figure 4. Locating fractions on a number line.
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Some additional launch talks prior to this

Teacher: “Could you read that question for me?”

Student: “Find the value of location a.”

Teacher: “Okay, so let’s find location a, and what would the value of that be in
fraction form?”

Student: (points to a) “Two and a half.”

Teacher: “Two and a half. Okay, could you explain to me how you got that?”

Student: “Because it’s between two and three, I mean it’s the middle one.”

Teacher: “Okay great, could you also tell me the value of location c?”

Student: “Um, wait, would this one be a quarter?” (Student points to the line at 4
and 1/4)

Teacher: “Yes, so what would the next mark be?”

Student: “Half and a quarter?”

Teacher: “So, how did you get that?”

Student: “Because it’s not a half, it's more.”

Teacher: “Okay, so let’s start counting from the number four.”

Student: “4,41/4,4 1/2—I'm not too sure.”

Teacher: “Let’s go to this one, b.”

Student: “Um, that’s a half.”

—— End of the lesson play—

In this script, the PST mainly used the move of eliciting the student’s methods or
reasoning for actions (“Could you explain to me how you got that?” “How did you
get that?”) by asking to do the next question. Thus, although this script belongs to the
high-frequency group, the interactions’ sequence was straightforward (the teacher asks
a question, a student responds, the teacher poses additional problems without further
elicitation). Additionally, it was evident that this PST intentionally tried to avoid evaluating
or leading the student; however, overall, this script only seemed to create more cycles of
the simplest form of IRE.

Teacher leading. Some lesson play scripts that developed more teacher talk turns
during active elicitation contained various teacher-led talks. This included leading the
student through a specific method or an answer; explicitly explaining or modeling the
concept, procedure, or strategy; or giving an alternative strategy for the student to use.

Example 1 (middle-frequency group)

Teacher: “We have 1/2 and 2/4. Is one bigger than the other or are they equal?”

Student: “2/4 is bigger.”

Teacher: “How come?”

Student: “Because 4 is bigger than 2.”

Teacher: “Alright, let’s draw a picture for this one.”

—— The teacher drew the area model for each fraction and explained procedures —

In Example 1, the PST incorporated the anticipated confusion. However, once the
student responded with an incorrect answer, the PST took the path of explaining and
teaching using drawn representations instead of further eliciting.

Example 2 (from the high-frequency group)

Some additional launch talks prior to this——

Teacher: “This question is asking you to compare these two fractions. Which is bigger,
2/3 0r9/10?”

Student: (Writes out thoughts to create common denominators) “9/10 is bigger.”

Teacher: “How did you get that?”

Student: “I made the fractions into ones with common denominators so 2/3 is 20/30
and 9/10 is 27/30. And 27 is bigger than 20 so 9/10 is larger.”

Teacher: “That’s awesome! Is there another way you can think about this problem?”

Student: “I don’t know.”

Teacher: “What if you think about what part of the fraction is missing? How much do
you need for 9/10 to become whole?”
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Student: “1/10?”

Teacher: “And how much do you need for 2/3 to become whole?”

Student: “1/3.”

Teacher: “Right, so, which fraction has a smaller missing part? Which fraction is
smaller, 1/10 or 1/3?”

Student: “1/10 is smaller.”

Teacher: “So, what does that mean about 9/10 compared to 2/3?”

Student: “9/10 is a bigger fraction because it has a smaller missing part?”

Teacher: “Exactly! 9/10 has a smaller missing part, so the fraction is bigger!”

—— End of the lesson play——

In Example 2, the student answered using the algorithm involving finding the common
denominator. More elicitation questions could have been used in response to the student’s
initial method and answer. However, this PST gave an alternative strategy, which was
prepared in the planning document. After this point, the teacher offered step-by-step
instructions, and the student simply followed them.

Additionally, similar to some cases in the low-frequency group, several scripts specifi-
cally guided the process of using the cross-multiply algorithm. There were some additional
types of talks in the scripts containing more turns of teacher talk, but the essence was the
same in that the teacher attempted to lead the student’s thinking.

Teacher talks during closure. Table 6 summarizes the different ways PSTs concluded
their lesson play scripts. Here, the frequencies are reported whether specific categories are
present or absent in each script.

Table 6. Analysis of teacher talks during closure.

Inductive Categories Example Total (n =95 Low (n =30 Middle High
and Descriptions p Scripts) Scripts) (n =33 Scripts) (1 =32 Scripts)
Ends with student . ,
answer without Student: I don’t know (unable 5 540/ 25 (66%) 16 (53%) 10 (37%)
, to tell me).

teacher’s closure
Wraps up with a “Isee.” “Okay.” “I think I

ps up understand what you mean.” 19 (20%) 9 (24%) 7 (23%) 3 (11%)

neutral comment

“Thank you.”

Praises the student

“That is well done. I like how

you drew arrows to show the

simplified area model.” “Wow, 19 (20%) 3 (8%) 7 (23%) 9 (33%)
that’s fast!” “You are very

good with mental math.”

Wraps up with an eval-
uative/confirmative
comment on the final
answer or

strategies used

“So, when we’re comparing

fractions it helps to look at

the denominators.” 14 (14%) 4 (11%) 6 (15%) 4 (14%)
“That’s correct. 2/4 or 1/2

because those are equivalent.”

Empathizes that the
problem was difficult

“This problem was difficult
because the model isn’t 2 (2%) 0 (0%) 0 (0%) 2 (7%)
something we normally see.”

Asks if the offered
tools were helpful

“Did it help using these

fraction circles?” 2 (2%) 0(0%) 0 (0%) 2 (7%)

About 54% of the lesson play scripts ended with the student’s turn without the
teacher’s closure. The percentage frequency in the low group was higher than in the other
groups. About 20% of the scripts ended with neutral comments or thanking the student
for their work. Another 20% of scripts ended with praise for specific aspects the student
demonstrated. Additionally, 14% of the scripts wrapped up the interview with the teacher’s
evaluative comments on the correctness of the answer or confirming comments about the
strategies used.
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6. Discussion and Implications for Teacher Educators

Over the last decades, the focus of research on teacher talk has shifted from justifying
the need for teacher talk to supporting student learning as socialization (i.e., conversations)
in the classroom fo describing the quality of teacher talk, including discerning strategies
and measuring effectiveness. That said, the research actually did not report much about the
number of turns of teacher talk in eliciting and responding to student thinking. Considering
a PST’s learning in teacher education as developmental, this study adds that the number of
turns of teacher talk alone may not determine PSTs” success in eliciting and responding to
student thinking. Furthermore, practicing more turns of teacher talk would (1) produce
more opportunities to reflect on the process and ultimately (2) increase the chance to
facilitate effective teacher talk in mathematics classrooms. This section revisits this study’s
findings and suggests two areas for further exploration in mathematics teacher education.
The two areas include the total number of turns taken by PSTs and the types of teacher
talks involved in the launch and closure.

Frequency of the number of turns taken by PSTs in lesson plays. As reported in the
findings section, longer lesson plays did not necessarily produce rich talks, and some
lesson plays primarily gained volume from excessive yet fruitless talks in terms of eliciting,
such as guiding students on procedures. However, the data showed that the frequency
of probing as a follow-up was even lower in the low-frequency group than the other two
frequency groups. Thus, it is inconclusive whether the number of turns taken by the PSTs
in the lesson plays could be indicative of their performance. However, it is also found
that short lesson plays did not contain much elicitation only to present simple iterations of
typical IRE/IRF cycles. It could be that the PSTs” perceptions of eliciting and responding
to students’ thinking are bound insofar as quickly asking questions and getting students’
answers. This leads us to suspect that the number of teacher talk turns indicates the
complexity of student—teacher interactions and that the longer lesson plays may serve as
a space where PSTs may write a mathematical conversation that starts from checking the
correctness of student answers but should go beyond the IRE/IRF cycles as they learn to
recognize teacher talk in teacher education as the opportunity to gain access to (and stretch
out) student thinking.

Launching and closing lesson plays. Research has not reported much about the launch
and closure stages of a lesson written by PSTs. This study looked into PSTs” patterns of
launching and closing their scripts as lesson play writers. While the focus of the lesson
play was expected to be purposefully eliciting students’ thinking, the launch and closure
in PSTs’ lesson plays occurred very abruptly in the majority of the scripts, indicating little
build-up to gaining access to student thinking. It confirms Groth et al. [28], which reported
that cognitive and affective preparation to establish a relationship with a student in the
context of a clinical interview was somewhat neglected by the PSTs in their context of
interacting with real students. Likewise, the launch in the majority of lesson play scripts
(69% of scripts) in this study rushed to reading prepared problems and asking students to
provide answers. Few scripts showed efforts to build rapport with students by assessing
their interests, prior knowledge, or experiences. Similarly, more than half of the scripts
(54%) ended with the student’s response without teacher closure. This is indicative of PSTs’
naive perceptions of teacher practice and strategies to elicit student thinking—namely,
asking a question and checking for the student’s answer. Although the launch and closure
were not the most critical parts of a lesson play, it is worth noting that student thinking
during launch, elicitation, and closure is not necessarily the same. It does change not
only at each stage but also throughout the lesson plan as a whole. The findings further
indicate that PSTs struggle with drawing a complete picture of a lesson with each piece
of instruction. This is to tie together and build up to closure so that they can benefit from
learning with examples in which student thinking develops as a continuum in a series of
launches, elicitations, and closures facilitated by teacher talk.

Do lesson plays yield different patterns of elicitation from other approximation ap-
proaches? Writing lesson plays afforded the PSTs the opportunity to demonstrate their
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skills in eliciting and responding to students’ thinking in a conversational setting. In terms
of a setting in teacher education that presents PSTs with approximations in practice, our
study’s context is not as much authentic and real as the settings of other studies in the
literature [4,11,28,29,31]. These studies had PSTs interact with a hypothetical student with a
prescribed profile or real elementary students and make in-the-moment decisions in order
to respond to the students, which is definitely a core pedagogical skill in a real teaching
context. Understandably a classroom setting with students poses challenges, and it is a
difficult task for novice teachers to demonstrate the skill to facilitate learning in that sce-
nario. For example, Groth et al. [28] mentioned that probing student thinking—especially
spontaneously (or unrehearsed) formulating teacher talks—was particularly difficult for
the PSTs in their study. Our study provided a different condition and context from the
previous studies, where making in-the-moment decisions is timed and critical.

Writing lesson plays in this study was not time-bound and allowed ample time for
the PSTs to write their teacher talks. Thus, the context of writing lesson plays in this
study was purposeful in that the study designed the task that has the effect of reducing
unproductive teacher talk moves and increasing clarity and depth (albeit “imagined”) in
eliciting and responding to student thinking. However, the findings indicate that some
undesirable teacher talk moves still appeared in the lesson plays. For example, all five
studies discussed in the literature review section reported that undesirable approaches
such as leading questions, guiding and instructing students, and filling in student thinking
commonly appeared when participating PSTs engaged in one-on-one interactions with
students. Shaughnessy and Boerst [4] particularly addressed that these are the moves
that may require unlearning. Our study shows that PSTs with similar backgrounds and
coursework completed in teacher education as those in other studies presented teacher
talks with undesirable approaches in the lesson plays and that the setting, whether it is
one-on-one interactions or the hypothetical conversations in the mind of the participants in
this study, made little difference.

Prior studies also reported that posing additional problems was hard for novice
teachers, and it is a skill that needs to be newly learned [4,29]. Moyer and Milewics [11]
reported about PSTs” tendency towards check-listing—proceeding from one question to
the next as planned with little regard for the child’s response. Despite the fact that, in this
study, the PSTs seemed to anticipate the students’ confusion and additional (differentiated)
problems to a degree, these were not fully played out in their lesson plays in their effort
to gain access to student thinking and extend students’ mathematical thinking. In many
cases, the PSTs wrote a lesson play with a successful student in mind (see the cases of
overestimating students’ ability and performance in the findings section), who provided
correct responses. The PSTs then wrapped up the lesson play without further probing. This
tendency is very similar to the PSTs” knowledge and skill in Moyer and Milewics [11].

We view that these findings are twofold. First, writing lesson plays can provide
PSTs with an appropriate approximation of practice that offers learning opportunities for
PSTs early in their coursework in teacher education, such as reviewing what happened
and reflecting on what went well and what could improve. Second, the similar patterns
of PSTs’ talk moves in prior studies and this study indicate that making in-the-moment
decisions under time-pressured situations is not the only reason for the unsuccessful talk
moves. It is worth noting that, in Kabar and Tagdan’s [31] study, four out of nine groups
of PSTs remained intransigent in their questioning approaches during the three clinical
interviews with real students over the course of a semester. When the PSTs’ patterns of
eliciting and responding to student thinking remain unchanged regardless of contexts (e.g.,
more authentic contexts vs. less authentic contexts) or duration (e.g., one-time practice vs.
multiple practices), more research is necessary to improve PST skills to elicit and respond
to students’ thinking and use lesson plays as a pedagogical approach in teacher education
to discern PST’s understanding of pedagogical content knowledge.

Before closing, some limitations of the study need to be noted. First, this study asked
PSTs to develop their own tasks in the lesson plays. The quality of tasks varied, but most
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Appendix A

tasks had low complexity and cognitive demand. It is also unclear how the quality of tasks
is related to teacher talks” quality concerning the task. Although this was out of the scope
of this study, we suspect that the quality of tasks might matter in unveiling the PSTs’ skills
of eliciting and responding to student thinking and propose it as an important research
question for future studies. Related, noticing [1,2,12] skills were not clearly addressed
in our analysis; future research might carry out a full analysis of lesson plays in explicit
terms of a noticing framework [42,43]. Second, this study did not have information on the
PSTs’ field experiences. Each PST might have different experiences in facilitating teacher
talks, depending on their field experiences. Notably, some mentor teachers actively use
various talk moves, and others may keep to teaching methods that involve few student-
teacher interactions.

To conclude, we view that it is as important to teach PSTs to develop skills to have ac-
cess to student thinking and facilitate teaching, but what is needed for mathematics teacher
educators is to continue to inquire into eliciting and responding to PSTs” perceptions, expe-
riences, knowledge, and needs. This study documents such an effort in teacher education
embarking upon this particular mandate.
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Table A1l. An Example of a PST’s Work.

Core Question

What fraction of the rectangle is shaded?

Anticipated
Confusion

The shaded squares are not all together so it may be different from how the student has seen the area
model being used; students might not have a clear concept of numerators, denominators, and fractions and
it may confuse them.

Differentiated Tasks

Less challenging question: What fraction of the
rectangle is shaded? More challenging question: What fraction of the

rectangle is shaded?
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e  Can you explain how you got your answer?
e  (Pointing to numerator/denominator) What is this number? What does it represent?
Follow-up Prompts ~ ® (If the student s.irr.lpliﬁed) Why.did you choose to do that? How? .

e (If the student finished very quickly) Is there another way to solve it?

e  (If the student were confused about numerator and denominator) What would happen if 1/2 the
rectangle was shaded? What would that fraction look like?

e  Core: 4/6 (or 2/3) because 4 squares out of the 6 equally partitioned squares are shaded

Anticipated Student e  TLess challenging: 2/4 because 2 out of the 4 equally partitioned rectangles is shaded
Explanation e  Harder: 4/9 because if  add one more partition in the end to make 9 equal-sized pieces, I can see that

4 out of 9 parts are shaded.

1.  Teacher (T): Hello! We're going to be working with fractions. I prepared a little worksheet for us to
work on together. You can ask me any questions along the way too. How do you feel about fractions?

2. Student (S): I kind of like fractions, but I think they’re hard sometimes.

3. T:1remember feeling like that too. But practice makes perfect! Ready to get going?

4. S:Sure!

5. T: Alright. The first question here is asking us what fraction of the rectangle is shaded. First, though,
can you tell me what the top and bottom numbers of a fraction are called?

6.  S: The top number is a numerator and the bottom number is the denominator.

7. T: Wow that’s so great! So how would we know what the denominator of this fraction is?

8. S: There are six total boxes in this rectangle, so I'm going to say that it is six.

9. T: Right. There are six total boxes of our whole, so six is the denominator. Go ahead and write
that down.

10.  S: (writes “six” on the paper with a line above it.)

11.  T: Great. The top number we said was the numerator, right?

12.  S: Yes, I think that would be four.

Lesson Play Script 13.  T: Wow you're fast! Why do you say the numerator is four?

14.  S: Because there are four blue boxes in the rectangle.

15.  T: Okay great. So, what is our final answer?

16. S: Four-sixths (writes the four above the six).

17.  T:1see something interesting about our fraction here. Is there a way we could simplify this fraction?
Do you know what it means to simplify a fraction?

18.  S:It means to make it smaller. But that’s kind of hard for me.

19.  T: Well let’s take a look here. I brought some manipulatives for us to use. I have four blue squares for
the numerator and six white squares for the denominator. What could we do to these squares?

20. S: We could group them together into twos?

21. T:Right, so on the top we take the four and turn them into two. What do we do on the bottom? S: We
turn the six squares into two!

22.  T: What does that leave us with?

23.  S: Two-thirds!

24. T:Is2/3equal to4/6?

25. S:ltis!

26. T: Well, write that down then!
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Appendix B
Table A2. Types of Teacher Talk Moves in Active Elicitation.
Frequency of Low Grou Middle High
Inductive Categories and Descriptions Example of Teacher Talk Occurrence (= 113) P Group Group
(n = 748) - (n = 234) (n = 401)
Eliciting methods or reasoning for actions 224 (30%) 47 (42%) 76 (32%) 101 (25%)
u - qon
Asking to describe the methods used (how) Can you tell me what you usecj and what you did? 123 28 44 58
How did you get that answer?
. . “Why do you think that?”
Asking to describe the reason (why) “Could you explain why you put the 1/2 and 4/6 where you did?” 63 7 12 18
Asking without specification (open) “Can you explain your answer?” 58 12 20 25
Follow-up probing 198 (26%) 17 (15%) 49 (21%) 132 (33%)
Gets the student to further explain their “Okay, so you counted five squares. How did you know it was 5/8
. ” 160 14 38 108
thinking though?
Ask the student to show/explain the process “Okay, what is your next step after that?” 20 0 6 14
step-by-step
Asks the student to explain/clarify “What do you mean by ‘half way’?”
: : u“ : : " 18 3 5 10
underlying meaning So, you got six. So, what does six mean?
Teacher-led process 102 (14%) 9 (8%) 30 (13%) 63 (16%)
P : : ’
Leads the student through a specific method How.about we try to find ’Fhe common denominator? We want to t1jy to
make it the same to see which one is bigger. Do you know how to find
or towards an answer . ”
Explicitly explains or models the concept the common denominator?
! “First, you need to find a common denominator by multiplying 80 8 23 39
procedure, or strategy denominators.”
Gives an alternative strategy for t}.1e “Another skill you could also try is drawing dotted lines and breaking
students to use after they give their answer . . a1
up B into as many pieces of A as possible.
Drav.vs the s:.tudent s attention to certain “Are all the pieces evenly divided?” 16 1 6 9
details or differences
Shows the student how to record the answer
(e.g., writing down the answer or drawing “Yes, then you can put % under here.” 6 0 1 5

the answer for the student before the
student answers)
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Frequency of Low Grou Middle High
Inductive Categories and Descriptions Example of Teacher Talk Occurrence (= 113) P Group Group
(n =748) - (n=234) (n = 401)
Making connections 100 (13%) 19 (17%) 37 (16%) 44 (11%)
Asks the student to use different “Can you draw a picture to help me understand your thinking?” 50 9 23 20
representations “Could you show what that would look like if you use fraction circles?”
Asks lf. the situation can be extended to “So now how would we do this with non-unit fractions?” 48 10 14 24
other situations
Modifying questions 57 (8%) 10 (9%) 23 (10%) 24 (6%)
Gives a slightly harder or an easier prepared “Show 1/2 in a pie circle drawing instead of 4/6.”
Lestion shty prep “Can you tell me one fraction that is larger than 6/10 and one fraction 26 3 12 11
questio that is smaller than 6/10?”
Breaks down the question into parts Let’s look at the square for the corn only. How much of the square does 18 3 7 8
the corn take up?
Rephrases or represents the question in a “ ”
different form for the student due to p Let me rePhr?se. ” 13 4 4 5
. Let me write it down.
confusion
Revoicing 41 (5%) 5 (4%) 13 (6%) 23 (6%)
Restate the student’s response to confirm sf;icsglff you had a whole circle and you cut it in half. Is it what you are a1 5 13 23
Other miscellaneous 26 (3%) 6 (5%) 6 (3%) 14 (3%)
Offers the student time to think or work (W.he1.1 the sl:a,lder}t seems unsure, t,}lle teacher does not speak and uses 10 4 5 4
wait time.) “I'll give you a minute.
Checks for the student’s confusion “So, did the parts of the shaded circle confuse you?” 7 1 2 4
Teacher asks the student to recall prior “Do you remember what we talked about a fraction being in the first
problem or statement to help solve current B 6 0 1 5
question?
problem
Reminds the student of what to do Remember to utilize that number line. 3 1 1 1

“So, remember there are two parts to this question.”
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