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Abstract 
 

It has been widely agreed upon within the mathematics education 

community that there are important moments within a mathematics lesson that a 

teacher needs to notice and act upon (Fennema, Carpenter, Franke, Levi, Jacobs & 

Epson, 1996; Stockero and Van Zoest, 2013). These moments are generally called 

teachable moments. There is more work about pre-service teachers than in-service 

teachers, and teachable moments have not been studied for the same teacher over 

extended period of time. The purposes of this qualitative study were to 

characterize the teachable moments in experienced mathematics teachers’ 

classrooms over a six-week period, and to describe their decisions in response to 

those teachable moments. Six mathematics teachers who each had at least five 

years of mathematics teaching experience agreed to participate in the study. For 

each teacher, the researcher videotaped and wrote field notes in the same class 

once per week for six weeks. Two researchers reviewed the videotapes and 

identified instances of teachable moments through consensus. Follow-up 

interviews with each teacher focused on video excerpts of the teachable moments 

and understanding the corresponding decisions made by the teacher. Carspecken’s 

(1996) first three stages for critical qualitative research, compiling the primary 

record, preliminary reconstructive analysis and dialogical data generation via 

teacher interviews framed the data collection and data analysis techniques, as did 
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an earlier framework from Sun and Hanna (2013) that characterized teachable 

moments and teacher decisions. The coding process resulted in the same three 

types of teachable moments as identified by Sun and Hanna (2013). These types 

were: incorrect mathematics, sense-making, and mathematical confusion. 

Teachers’ decisions in response to teachable moments were classified into seven 

types, which was three more than the types of experienced teachers’ decisions in 

response to teachable moments identified by Sun and Hanna (2013). These types 

were: extend/make connections, pursue student thinking, emphasize mathematical 

meaning, wait to allow student to explore first, emphasize mathematical process, 

acknowledge but continue, and ignore or dismiss. The last three types of decisions 

were newly identified from the data of this study. 

The information provided by this study may be of value to teacher 

educators and professional development providers to help teachers recognize 

mathematically rich moments and productively use student thinking to increase 

learning.  
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Chapter One 

Introduction 

Students’ mathematical achievement is influenced by many factors. One 

such factor is the instructional practice of their teachers. Practices such as 

engaging students in rich mathematical tasks, encouraging students to explain 

their thinking processes, and building students’ mathematical understandings 

from prior knowledge have been reported to increase students’ mathematics 

achievement scores (Heng and Sudarshan, 2013; Henningsen and Stein, 1997; 

Stein and Lane, 1996; Schukajlow and Krug, 2014; Superfine, 2008). Stein and 

Lane (1996) found that students who are often involved in tasks that engage them, 

or students who use procedures with connections to meaning gained the most on 

performance assessments. Stein and Lane (1996) also documented that student 

performance gains were greater when teachers encouraged students to use 

multiple solution strategies, multiple representations, and explanations.  

Many researchers have documented how teachers could implement these 

recognized instructional practices in their classroom to advance students’ 

mathematical learning. Chi, Leeuw, Chiu and Lavancher (1994) claimed that 

encouraging students to generate more self-explanations promotes greater 

learning and understanding of new knowledge. Cengiz, Kline and Grant (2011) 

explored the teaching of six experienced elementary school mathematics teachers 

and identified their individual instructional actions to extend student thinking. 

Cengiz et al (2011) emphasized that the first step in extending student thinking is 

to recognize the potential of particular moments during instruction that would 
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support the extension of student thinking. This requires teachers to carefully listen 

to student thinking and have clear goals about the mathematical ideas and 

concepts students are to pursue.  

Van Es (2011) refers to the classroom as a complex setting in which all 

kinds of interactions take place at one time. Teachers need to decide on what to 

pay attention to and how to respond to the events and interactions (Ball and 

Cohen, 1999; Sherin, 2007). Sherin, Jacobs and Philipp (2011) use the phrase 

teacher noticing as a way to comprehend how teachers make sense of complex 

classrooms. Some researchers have reported what pre-service teachers and in-

service teachers pay attention to (Star, Lynch & Perova, 2011; Star & Strickland, 

2008), while others have addressed how teachers reason about what they see and 

reflect on teaching strategies (Santagata, 2009; Sherin, 2007; van Es & Sherin, 

2008). Jacobs, Lamb & Philipp (2010) conceptualize professional noticing of 

children’s mathematical thinking as a set of three interrelated skills: attending to 

children’s strategies, interpreting children’s understanding, and deciding how to 

respond on the basis of children’s understandings. 

A growing number of researchers within the mathematics education 

community have agreed that there are critical moments in a mathematics 

classroom that teachers need to notice and act upon (Fennema, Carpenter, Franke, 

Levi, Jacobs & Epson, 1996; National Council of Teachers of Mathematics, 2000; 

Silver and Stein, 1996; Stockero and Van Zoest, 2013). Although the specific 

language used to describe the important moments during instruction differs from 

author to author, the underlying ideas are consistent—a teachable moment is an 
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unplanned or unanticipated opportunity that emerges in the classroom where a 

teacher has a chance to advance student mathematical learning (Arafeh, Smerdon 

& Snow, 2001; Bently, 1995; Hyun &Marshall, 2003). For the purpose of this 

study, a teachable moment is defined as an unplanned opportunity created by a 

student utterance that arises in the classroom where a teacher has an ideal chance 

to change or extend students’ mathematical understanding. Teachers need to pay 

attention to students’ comments or ideas and consider how to use them to support 

student learning. 

Novice teachers are often unable to recognize important mathematical 

moments that occur during a lesson or are unable to act on them in ways that 

support student learning (Berliner, 2001; Peterson and Leatham, 2009). Therefore, 

Stockero and Van Zoest (2013) believe the first step in making teachers aware of 

such moments is to characterize the circumstances likely to lead to important 

mathematical moments in a lesson. Stockero and Van Zoest analyzed videos of 

beginning secondary school mathematics teachers’ instruction to identify and 

characterize pivotal teaching moments in mathematics lessons. In their 

exploratory study, they identified five circumstances that led to pivotal teaching 

moments: (a) extending, (b) incorrect mathematics, (c) sense-making, (d) 

mathematical contradiction, and (e) mathematical confusion. They also classified 

the beginning mathematics teachers’ decisions in response to teachable moments 

into the following five categories: (a) ignore or dismiss, (b) acknowledge but 

continue as planned, (c) emphasize mathematical meaning, (d) pursue student 

thinking, and (e) extend/make connections. This initial framework has the 
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potential to be used as a tool to help teachers focus on mathematically rich 

moments that occur during instruction and to inform teacher educators as they 

develop activities to support both teacher noticing and teacher decision-making. 

However, Stockero and Van Zoest (2013) also suggest that in order to fully 

understand pivotal teaching moments and teacher decisions in response to them, 

experienced mathematics teachers’ practice need to be included into the data set. 

Moreover, the earlier research does not study the same teacher over a period of 

time. This study is designed to fill in this gap. 

Research Questions 
 

When a teachable moment occurs, in other words, when an unplanned or 

unanticipated opportunity to advance mathematical thinking arises in the 

classroom, teachers’ responses will vary from teacher to teacher. Some teachers 

might choose to ignore the opportunity, while others might acknowledge it but 

continue with the planned instruction. The purpose of this study is to characterize 

the teachable moments in experienced mathematics teachers’ classroom and their 

decisions in response to those teachable moments. Specifically, this study is 

guided by the following research questions:  

a. What are characteristics of teachable moments in experienced 

mathematics teachers’ classrooms over a 6-week time period? 

b. What types of decisions do teachers make when a teachable moment 

occurs during instruction? 
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Teachable moments provide teachers with an avenue by which to enrich and 

broaden students’ knowledge bases and develop deeper skills in mathematical 

thinking.  

Overview of the Study 

Descriptive qualitative research design was used to address the research 

questions. The first stage of this research was to select six experienced 

mathematics teachers who had at least five years of mathematics teaching 

experience. The researcher observed and videotaped the same class once per week 

for six weeks. For each observation, the researcher interviewed the participants 

both before the observation and after the observation at a convenient time for the 

participants. The pre-observation-interview took less than 10 minutes and was 

designed to understand the teacher’s lesson objectives. After the lesson and after 

the video had been edited to units of teachable moments, as defined by the 

researchers (Sun & Hanna, 2013), the post-observation-interview was conducted 

where the teacher viewed excerpts of the lesson and responded to questions 

specific to the excerpt. The post-observation-interviews took no more than 60 

minutes. The purpose of the post-observation-interview was to understand 

teachers’ instructional decisions shown in the excerpts. 

This study is an outgrowth of earlier research (Sun & Hanna, 2013) which 

characterized the teachable moments in experienced mathematics teachers’ 

classroom by analyzing videos from Annenberg Learner’s multimedia resources 

(http://www.learner.org/). Sun and Hanna (2013) identified three circumstances 

that led to teachable moments: (a) incorrect mathematics, (b) sense-making, and 
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(c) mathematical confusion. They also classified the experienced mathematics 

teachers’ decisions in response to teachable moments into the following four 

categories: (a) extend/make connections, (b) pursue student thinking, (c) 

emphasize mathematical meaning, and (d) wait to allow student to explore first. 

One limitation of that study was that the videos that were used were 

professionally edited videos. The purpose of those videos was to display effective 

instructional strategies. Therefore, some parts of classroom practice may have 

been ignored or deleted. Another limitation of that study was that the researcher 

was not able to interview the teachers to understand their decisions shown in the 

videos. This dissertation study followed the same teachers in the same class over 

an extended time period and allowed for conversations with the teachers to 

understand their decisions. 

Summary 

The National Council of Teachers of Mathematics (2000) called on 

mathematical instruction that builds on children’s mathematical thinking, and 

many research studies have shown that such kinds of practice have been linked to 

rich instructional environment and greater student achievement gains (Carpenter, 

Fennema, Peterson, Chiang, & Loef, 1989; Sowder, 2007; Wilson & Berne, 1999). 

But such instruction is complex and difficult both to learn and to enact (Ball & 

Cohen, 1999). Often opportunities to use student thinking to further mathematical 

understanding either go unnoticed or are not acted upon by teachers, particularly 

novices (Peterson & Leatham, 2009; Stockero & Van Zoest, 2013). 
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 Developing a better understanding of teachable moments has the potential 

to improve students’ learning of mathematics by helping teachers notice and learn 

to build on student ideas to enhance their mathematical understanding. Providing 

a framework that can be used by teachers might support them to understand how 

to pick up mathematically rich moments that occur during instruction. Stockero 

and Van Zoest (2013) demonstrated an initial framework for understanding 

teachable moments. However, experienced mathematics teachers’ classroom 

lessons were not included. The purpose of this study is to fill in this gap. 

Furthermore, no research has been done on studying the same teachers over a 

period of time. 

 

 

 

 



 

 

Chapter 2 

Review of Literature 

The purpose to this study is to characterize teachable moments in 

experienced mathematics teachers’ classroom and the types of decisions made by 

those experienced teachers. This chapter provides a review of the literature for the 

study. The chapter is divided into the following sections: (1) literature about 

teachable moments, (2) mathematics teacher noticing, and (3) teacher decision 

making. 

Teachable Moment 

The use of a teachable moment concept can be seen in a variety of 

scholarly discipline, but “its usage is far from standardized” (Lawson, & Flocke, 

2009, p.25). Therefore, Lawson and Flocke (2009) attempted a complete review 

of the literature to reveal the fundamentals of teachable moments. They found that 

the term ‘teachable moment’ is mainly used in three categories: (1) among 81% of 

the articles they reviewed, “teachable moment” is closely associated with 

“opportunity”; (2) among 17% of the articles, a context that causes a beyond 

expectation behavior change is labeled a ‘teachable moment’; (3) only 3% of the 

articles used ‘teachable moment’ to represent a phenomenon that entails a 

signaling event that elicits specific cognitive and emotional response.  

Researchers define teachable moments differently. Myhill and Warren 

(2005) defined a critical moment as “a discourse unit where the teacher’s 

utterance is significant either in supporting the development of a child’s 

understanding or in hindering it or where an opportunity to build on a child’s 
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response was missed” (p. 59). Goodwin (2001) presents a similar concept “critical 

turning points” “where the teacher’s utterances influence the shape and tone of the 

subsequent interaction” and “where alternative choices were available which 

might have challenged pupils to engage in a higher level of literate thinking” (p. 

11).   

Some researchers focus their attention on what factors can cause or foster 

teachable moments (Havighurst, 1972; Mills, 2009; McAloon, 1992; Siegfried, 

1992). Schultz (2002) claims that four kinds of phenomena tend to create 

teachable moments: developmental tasks which arises at or about a certain period 

in the individual’s life, tumultuous or cataclysmic events such as September 11, 

2001 or Hurricane Katrina, everyday life seminal events such as interpersonal 

conflicts, and critical moments with life-shaping decisions and choices.  

Teachable moments may also occur when teachers individualize instruction and 

intensively work with the developing writers during writing conference 

(Anderson, 2000; Calkins, 1994; Glasswell & Parr, 2009; Schwartz, 2000; Sipe, 

2001). Hyun and Marshall (2003) concluded that teachable moments evolve from 

“teachers’ careful and on-going observations, their ability to recognize the unique 

essence of the situation, and most importantly, their ability to make sense of the 

moment from the learner’s point of view” (p.120). 

Many researchers studied teachers’ or adults’ role in the notion of 

teachable moments. Dewey (1933) advocates that teachers should carefully 

observe children’s feelings, interests, curiosities, etc., to create personally 

meaningful activities for children to learn. Bentley (1995) investigated how a 
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science teacher can make the best use of valuable teachable moment. Sometimes, 

students might bring something that is of special interest to him or her to a science 

class. These are valuable teachable moments because they can be connected to 

important science concepts and provide the teacher an opportunity to model 

curiosity and other scientific attitudes (Bently, 1995). Kim (2011) also stated that 

“a pair of tortoises, the newly adopted and enthusiastically welcomed pets in a 4th-

grade classroom, could set off substantial study projects on reptiles, their eating 

and living habits, …and other related topics” (p. 55).  

Some literature explores the relationship between teachers’ planning and 

the emersion of teachable moments. Rockman (1993) suggests that it is proper 

planning on the part of the teacher that produces teachable moments. Siegfried 

(1992) invites elementary school teachers to take advantage of the popular culture 

to activate students’ interests and curiosity and create teachable moments. Hogan, 

Rabubiwitz, and Craven (2003) reports how teachers could use the Fed Cattle 

Market Simulator to create teachable moments in agricultural economics 

classrooms. Hansen (1998) describes how a professor relies on his knowledge of 

the subject areas and probable student reactions to create teachable moments in 

his college classroom. 

There is also research about teachable moments that center on unplanned 

moments in the classroom. This requires that the teacher be open to surprise and 

ready to confront surprise (Crovitz, 2006; Elsbree, 2002; Hyun & Marshall, 2003). 

Dewey (1933) emphasizes that “[teachers’ knowledge] must be much wider than 

the ground laid out in the textbook…so that the teacher can take advantage of 
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unanticipated incidents…the teacher must have his mind free to observe the 

mental responses” (p. 274). Myhill and Warren (2005) called the critical moments 

created by a student utterance spontaneous unplanned opportunity. They 

summarized three types of critical moments that are common in classroom 

interaction: (1) the moments that caused confusion for the learners; (2) the 

moments that carefully directed the course along the predetermined path; and (3) 

the moments that were responsive to the students learning needs, giving them 

time to express their thinking or using the moment to explore the concept in 

another way.  They also identified the reasons that created students’ confusion as 

teachers’ “insecurity with” “subject knowledge” and “poor recognition of the 

impact of pupils’ prior knowledge, understanding, or experience” (p. 60).  

Leatham, Peterson, Stockero, and Van Zoest (2015) and Van Zoest, 

Leatham, Peterson, and Stockero (2013) argued that although teachers need to 

carefully listen to all student ideas, this listening must be accompanied by 

considerate contemplation of whether a particular student idea or comment is 

worth pursuing for the sake of the limited amount of instructional time that is 

available. They defined three critical characteristics that distinguish student 

thinking that provides high-leverage opportunities to advance students’ 

mathematical understanding from those that do not. Figure 1 illustrates their 

model of what they called Mathematically Significant Pedagogical Openings to 

Build on Student Thinking (MOSTs).   The three critical characteristics of 

MOSTs are student thinking, mathematical significant, and pedagogical opening.  

The analysis process starts with questioning whether the instance provides 
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observable evidence of student thinking. If it is observable evidence of student 

thinking, then the teacher needs to decide whether the instance satisfies the 

important mathematics, appropriate mathematics and mathematical goals criteria. 

If the instance is determined to be mathematically significant, then the teacher 

needs to determine whether the positioning and timing are right to create a 

pedagogical opening. If all criterions are met, the instance is deemed to be a 

MOST.  

 

Figure 1. Analysis process for determining whether a classroom instance is a 

MOST Adapted from Leatham, Peterson, Stockero, &Van Zoest, 2015, p.116). 

Some researchers reported on how videos of mathematics classroom 

instruction can be used to study teachable moments. Stockero and Van Zoest 
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(2013) analyzed videos of beginning secondary school mathematics teachers’ 

instruction to identify and characterize pivotal teaching moments in mathematics 

lessons. Arafeh, Smerdon, and Snow (2001) used TIMSS videotape classroom 

data to identify teachable moments, which they defined as “the set of behaviors 

within a lesson that indicated that students are ripe for, or receptive to, learning 

because they express confusion, misunderstanding, uncertainty, struggle, or 

difficulty with a mathematical problem, concept or procedure” (p. 3). However, 

when reporting on their findings, the authors focused on the methodological 

approaches and the evaluation of the software used to code the video footage, 

rather than providing illustrative examples of actual teachable moments. Sun and 

Hanna (2013) used mathematics-teaching videos from Annenberg Learner’s 

multimedia resources to characterize teachable moments in experienced 

mathematics teachers’ classroom instruction and teacher decisions in response to 

the teachable moments. Based on Stockero and Van Zoest’s (2013) framework of 

characteristics of teachable moments in novice teachers’ classroom instruction 

and novice teachers’ decisions in response to teachable moments, Sun and Hanna 

(2013) created a framework of the characteristics of teachable moments of 

experienced mathematics teachers’ classroom instruction and their decisions in 

response to the teachable moments (See figure 2). However, the videos they used 

were professionally edited videos, and they were not able to interview the 

teachers to have a better understanding of why the teachers made that decision in 

response to teachable moments. 
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Characteristics of Teachable Moment Description of Teacher Decision 
Incorrect mathematics  Extends/connections 

Pursue student thinking  
Emphasize mathematical meaning  
Wait to allow student to explore  

Sense-making  Extends/connections  
Pursue student thinking  
Emphasize mathematical meaning  
Wait to allow student to explore  

Confusion  Extends/connections  
Pursue student thinking  
Emphasize mathematical meaning  
Wait to allow student to explore  

 
Figure 2. Characteristics of teachable moments in experienced mathematics 

teachers’ classroom and their decisions in response to teachable moments. (Sun 

and Hanna, 2013, p. 1030.) 

Teachable moments can occur in any classroom if mathematics teachers 

make an effort to notice, observe or attend to. Research on mathematics teacher 

noticing is a fundamental contribution to this challenge. 

Mathematics Teacher Noticing  

 Researchers who study mathematics teacher noticing conceptualized the 

phenomenon in different ways.  Some researchers consider noticing only as the 

process in which teachers primarily observe or perceive. For example, Erickson 

(2011) presented dispositions and initial findings developed in an exploratory 

study of teacher noticing that he conducted in the early 1980s in second grade 

classrooms. From that study, he proposed that noticing was very selective. 

Teachers choose to attend to some phenomena and not to attend others. Star and 

Strickland (2008) and Star, Lynch, and Perova (2011) examined what preservice 

mathematics teachers noticed before and after a semester long methods course 
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focused on improving observation skills. They found that preservice teachers at 

the beginning of a teacher preparation program were not skillful observers of 

classroom instructions but their observation abilities could be improved after  

taking a one-semester methods class.  Miller (2011) also discussed on how and 

why teachers attend to some events and filter out others. He claimed “a key aspect 

of successfully teaching a classroom of students is quickly perceiving student 

behavior and understanding what that behavior means in terms of student 

understanding and engagement” (p.61). Borko, Jacobs, Eiteljorg, and Pittman 

(2008) described what teachers noticed in classroom videos regarding teachers’ 

thinking, students’ thinking, mathematics, or pedagogy throughout a 2-year 

professional development program. They found that “ teachers talked in a more 

focused, in-depth, and analytical manner about specific issues related to teaching 

and learning the selected mathematical problems” (p.432). 

Other researchers not only study what teachers notice in the classroom but 

also the teachers’ interpretation of those noticed events (Colestock & Sherin, 2009; 

Sherin, 2007; Sherin & van Es, 2009). Sherin, Russ, and Colestock (2011) refer to 

teacher noticing as professional vision in which teachers identify what is 

important in a teaching situation, use what one knows about the context to reason 

about the situation and then make connections between specific events and the 

broader principals of teaching and learning. They claimed that a teacher’s 

expectations and knowledge play an important role in how the teacher perceives 

the events that occur in the classroom.  
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Some researchers take an even more inclusive view of teacher noticing. 

They take three things into account when talking about teacher noticing: what 

teachers pay attention to, what is their interpretation of the classroom activity and 

what is teachers’ plan in response to that activity (Erickson, 2011; Jacobs, Lamb, 

& Philipp, 2010; Santagata, 2011; Santagata, Zannoni, & Stigler, 2007). Jacobs, 

Lamb, Philipp, and Schappelle (2011) find that even though it is quite challenging 

for teachers to develop expertise in deciding how to respond to a student utterance, 

this mission can be achieved with sustained engagement in professional 

development.  

Researchers mainly use four approaches to study mathematics teacher 

noticing. One method is to provide teachers with samples of others’ teaching and 

ask for their description of what they see (e.g. Carter, Cushing, Sabers, Stein & 

Berliner, 1988; Colestock & Sherin, 2009; Copeland, 1994; Kersting, 2008). The 

samples could be still images of classroom instruction or video clips of lessons. 

The limitation of this method is that a teacher’s noticing in these situations may 

be significantly different from the teacher’s noticing in the classroom because the 

teacher is not familiar with the student or the specific math content (Sherin, Russ 

& Colestock, 2011). Another method is to ask teachers to look back at their own 

instruction and describe what they were seeing and thinking (e.g. Ainley & 

Luntley, 2007; Borko & Livingston, 1989; Rosaen, Lundeberg, Cooper, Fritzen & 

Terpstra, 2008). If it takes place immediately after the instruction, there is no need 

for visual reminders. Otherwise, a video clip of the teacher’s instruction is 

provided. Those interviews could be individual one or in groups. A third method 
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used to study teacher noticing by some researchers is to make inferences about 

what the teacher notices according to the visible actions of the teacher in the video 

(Pierson, 2008; Putnam, 1992; Rowland, Huckstep & Thwaites, 2005). Levin, 

Hammer & Coffey (2009) used this methodology to explore to what degree 

teachers pay attention to students’ thinking and to issues of classroom assessment. 

A fourth methodology is to use new technology, such as wearable camera, to 

study mathematics teachers’ in-the-moment noticing. The teacher is asked to 

press the record button on the camera when an interesting thing happens. Still, a 

concern with using this method is that sometimes the teaching was so demanding 

that teachers forgot to press the button; also wearing the camera may slightly alter 

the teacher’s in-the-moment noticing (Sherin, Russ & Colestock, 2011). 

Mason (2002) claimed that “Every act of teaching depends on noticing: 

noticing what children are doing, how they respond, evaluating what is being said 

or done next” (p.7). Therefore, teachers need to develop strong noticing skills in 

order to better understand students’ mathematical thinking and take appropriate 

actions.  Davies and Walker (2005) investigated how teachers can be helped to 

learn to notice critical mathematical instances during classroom interactions. By 

analyzing their eight elementary school mathematics teachers’ changes in their 

ability to notice, they found that “as the year progressed teachers became more 

aware of the significant mathematical moments as evidenced in their teaching 

videos and when reviewing the videos of others” (p. 276). Goldsmith and Seago 

(2011) examined teacher noticing changes after attending artifact-rich 

professional development. They presented findings from their Turning to the 
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Evidence project to illustrate teachers’ shifts in identifying and interpreting 

classroom artifacts. Two kinds of classroom artifacts were used in the study. One 

is video artifacts and the other is students’ written work. They found that over 

time teachers increasingly focused their discussions on evidence from the artifacts 

themselves and noticed more potential in students’ thinking. They also suggested 

that using written artifacts is a better way to follow student thinking and video 

artifacts are better for exploring the details of students’ understanding.  

Teacher Decision Making 

What teachers do is guided by what they think (Brophy & Good, 1986; 

Griffeya & Housnerb, 1991; National Institute of Education, 1975). Jackson’s 

(1968) book, Life in Classrooms, initiated the educational research shift from 

focusing on teachers’ discernable behaviors and student products to teacher 

thinking and decision making processes. Jackson (1968) described teacher 

decision making in three phases: pre-active or before teaching phase, interactive 

or during teaching phase, and post-active or after teaching phase. The pre-active 

phase often requires teachers to make reflective decisions on what to teach, how 

to teach and how to evaluate. The interactive phase, when teachers are interacting 

with their students in the classroom, normally provides no time for the teachers to 

make reflective decisions. Instead, they usually rely on intuitive or routine 

decision-making. The post-active phase is the period when teachers contemplate 

their teaching after a lesson and make decisions about next lesson. However, there 

is no clear-cut distinction in teacher thinking between preactive and the postactive 

phases because of the cyclical nature of teaching (Clark & Peterson, 1986).  



 

 

19 

There are two assumptions underlying the research on teacher decision-

making. One assumption is that teachers are professionals who make reasonable 

(rather than rational) decisions in a complex, uncertain environment (Borko & 

Shavelson, 1990). This is because human mind has limited information-

processing capabilities and teachers can only operate within the limits of their 

information-processing capabilities. The other assumption is that there is teachers’ 

behavior is guided by their thoughts, judgments, and decisions( Borko & 

Shavelson, 1990; Shavelson & Stern, 1981). In the teaching process, teachers 

constantly select and interpret cues from the classroom and then decide how to act. 

A number of researchers have made a contribution to our understanding of 

teachers’ interactive decisions. After reviewing definitions of interactive decisions 

used by some researchers and the frequency of teachers’ reported interactive 

decisions, Clark and Peterson (1986) concluded that an interactive decision is “a 

deliberate choice to implement a specific action” and “these data suggest that the 

decision-making demands of the classroom are relatively intense” (p.274). Most 

research on teachers’ interactive decision making used stimulated recall 

interviews to call forth teachers’ self-reports of their thinking process while 

working with students (Borko & Shavelson, 1990; Shavelson, Webb, & Burstein, 

1986). Although the format varies from research to research, studies typically 

include videotaping or audiotaping a lesson, playing it back for the teacher, and 

asking the teacher to describe his or her mental activities at that time during the 

lesson.  

Teachers’ interactive decisions are influenced by their plans in the form of 
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mental “scripts” rather than written lesson plan (Borko & Shavelson, 1990; Clark 

& Peterson, 1986; Calderhead, 1981). Experienced teachers typically include a 

number of routines during the course of lesson. “Routines are recurring activities 

that become established within a particular classroom as predictable sequences or 

‘scripts’ for teacher and student behavior. From a management perspective, 

routines are activities for which the probable level of student cooperation is 

known in advance” (Doyle, 1979, p.61). Routines reduce the conscious decision 

making to the lowest possible level during interactive teaching. When routines are 

being performed, teachers’ information process mainly consists of monitoring 

cues that are indicators of potential problems or unexpected events (Borko & 

Shavelson, 1990; MacKay, 1977; Shavelson & Stern, 1981). 

Several researchers have compared experienced teachers and novice 

teachers in their ability to respond to interactive cues while teaching. Berliner 

(2004) and Laverick (2007) noted that expert teachers attended to a larger number 

of instructional goals. Fogarty, Wang and Creek (1983) claimed that experienced 

teachers used a larger range of strategies and connected their actions to student 

hints in more complex ways. Veenman (1984) found that beginning teachers had 

more difficulty in discipline and classroom management than with the delivery of 

instruction. Experienced teachers possess well-elaborated schemas that enable 

them to have meaningful interpretation of information (Westerman, 1991).  

 What cues inform teachers’ interactive decisions? The largest percentage 

of teachers’ reported interactive thinking is related to a variety of student 

attributes including student involvement, attention, behavior and understanding 
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(Borko & Shavelson, 1990). The second largest category of teachers’ reported 

interactive thinking is related to their instructional processes and strategies such 

as sequencing of activities, questioning, explanation, review and practice 

exercises (Clark & Peterson, 1986). Wodlinger (1980) claimed that environment 

factors such as instructional materials, teaching equipment, time constraints and 

interruptions could also trigger teachers’ interactive decisions. 

Teachers’ decisions differ in their nature. Some require extended thinking 

process and reflection, while others require quick action (Ellis, 2008).  Decisions 

such as the selection of appropriate teaching methods and curriculum content may 

be made over a fairly long period of time and involve considerable thinking 

evaluation (Berliner, 2004; Ellis, 2008). Other decisions are strongly influenced 

by the everyday happenings of the classroom where teachers meet a variety of 

unexpected situations: unacceptable student behavior, lessons do not go as well as 

what it is expected, children experience unanticipated difficulties, or sudden 

school events interrupt class activities. In order to minimize the loss of student 

learning interest and classroom disturbance, teachers need to respond to such 

situations immediately and appropriately (Calderhead, 1981). Moreover, there are 

other decisions that teachers make automatically or routinely on common 

classroom practice. In dealing with repeated issues in the classroom, teachers 

utilize a repertoire of established teaching routines based on gradual or immediate 

decisions previously made (Baron, 1994, 2000; Ellis, 2008). 

Research suggests that classroom instruction is a highly complex act and 

classroom teachers make hundreds of decisions each day working with students 
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(Clogh, Berg & Olson, 2009; Jackson, 1968). Experienced teachers often think 

about learning from the perspective of the students, conduct a cognitive analysis 

of each learning task during planning, and make adjustment according to the 

needs of students during teaching. On the contrary, novice teachers use specific 

lesson objectives to create structured lesson plans and often unable to adapt to 

meet student needs during instruction (Berliner, 1987; Borko & Livingston, 1989; 

Westerman, 1991). 

 

 

 

 



 

 

Chapter 3 

Methodology 

 The purpose of the study is to characterize teachable moments in 

classrooms of experienced mathematics teachers. In order to achieve this goal, 

two research questions were posed:  

c. What are characteristics of teachable moments in experienced 

mathematics    teachers’ classroom over a 6-week time period? 

d. What types of decisions do teachers make when a teachable moment 

occurs during instruction? 

This chapter describes the methodology used to answer these two research 

questions. This chapter is divided into the following sections: (1) research design,  

(2) participants, (3) data sources, (4) data analysis,  (5) limitations of the study 

and (6) summary of this chapter. The “research design” section describes the 

approach used for this study and the explication of using that approach. The 

“participants” section describes the sample used in this study. The “data sources” 

section describes the origin of the data used in this study. The “data analysis” 

section describes the methods used for analyzing the data. The chapter ends with 

the limitations of the study and a summary of this chapter. 

Research Design 

 The very nature of the research questions calls for naturalistic inquiry and 

qualitative research design. Because the teachable moment has not yet been 

thoroughly described in current literature, and because it is a highly spontaneous 

event, it is difficult to explore (Mills, 2009). Describing and understanding such 
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moments and teachers’ responses to those moments do not lend themselves 

readily to quantitative analysis (Mills, 2009). Therefore, a qualitative approach 

was used for this study in order to gain a deep understanding of teachable 

moments faced by experienced mathematics teachers in their classrooms and the 

corresponding decision-making processes in such situations. Direct observation of 

teachable moments in experienced mathematics teachers’ classroom and 

interviewing teachers about their decisions would potentially provide rich data for 

characterizing the teachable moments and describing teachers’ decisions in 

response to the teachable moment. As a result, the researcher relied on the 

methodology Carspecken recommends in Critical Ethnography in Educational 

Research (1996) to conduct data collection and data analysis. This is discussed in 

detail in data sources and data analysis section. 

Participants 

Six mathematics teachers, Barbara, Clair, Mary, Henry, Winifred, and 

Michelle, who have at least five years’ teaching experience participated in this 

study. All names are pseudonyms. They all teach within a 20-mile radius of the 

researcher’s university. To select the participants, the researcher conformed to the 

convenient and purposive principle (Christensen, Johnson, & Turner, 2011). With 

the help of university professors, mathematics specialists of several school 

districts were contacted via email with a request to assist in recruiting eligible 

teachers (see recruitment flyer in Appendix A). Six mathematics teachers 

expressed their willingness to participate in this project and were thus selected for 

the study. Barbara is a 30-year-old teacher. She teaches Algebra I and Pre-
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Calculus in a high school. She has 7 years teaching experiences. The classes that 

the researcher observed over the six weeks of data collection were Barbara’s 

second period Algebra I classes. Clair is a 48-year-old teacher. She teaches fifth 

grade mathematics in an elementary school. She has been teaching for 16 years. 

The researcher observed her third period classes over 6-week period. Mary is a 

27-year-old teacher. She teaches third grade science and mathematics in an 

elementary school. She has five years teaching experience. Over the six weeks of 

data collection, the researcher observed her second period mathematics class. 

Henry is a 29-year-old teacher. He teaches Pre-AP geometry and AP geometry 

classes in a high school. He has six years teaching experience. The researcher 

observed his third period Pre-AP geometry class. Winifred is a 39-year-old 

teacher. She teaches fifth grade math and science in an elementary school. She 

has been teaching for 15 years. The researcher observed her first period 

mathematics classes during the period of data collection. Michelle is a 27-year-old 

teacher and has been teaching for 5 years. She teaches Algebra I and Algebra II in 

a high school. The classes that the researcher observed over the six weeks of data 

collection were her second period Algebra II class. 

Data Sources 

The data sources for this study were observation data, field notes, and 

interview data. Each data source is described below. 

Observation and field notes. The observation data for this study was also video 

data. The video data corresponds to Carspecken’s (1996) stage one: Compiling 

the primary record through the collection of “monological” data (p. 43). The 
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researcher observed and videotaped a total of six mathematics lessons for each 

participating teacher, one per week for six weeks. Each lesson usually lasted an 

hour. The researcher also took field notes while observing the lesson. The class 

size ranged from 19 to 32 students. Barbara, Clair and Mary’s classroom videos 

were collected during the months of October, November and December in 2014, 

while Henry, Michelle and Winifred’s classroom videos were collected during the 

months of January, February and March in 2015. Table 1 shares dates and content 

of each lesson:  

Table 1 

Participants (pseudonyms), date of observation, and content information 

Name Date of 
observation 

Teaching content 

Barbara 10/21/14 Calculate the slope given two 
points using a table. 

10/28/14 Direct variation 
11/4/14 Make connections about linear 

functions and inequalities 
11/11/14 Review slope-intercept form, 

and point slope form.   
11/18/14 Review standard form of linear 

equation. 
12/2/14 Use the calculator to find slope 

intercept form of an equation 
given two points; find 
connection between standard 
form and slope intercept form.   

Clair 10/30/14 
 

Multiply and divide whole 
numbers and decimals 

11/6/14 Multiply and divide decimals 
11/13/14 Multiply and divide fractions 
11/20/14 Review operations with fractions 
12/4/14 Division problems with fraction 
12/11/14 Represent ratios with models 
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Table 1 continues: 
 
Name Date of 

observation 
Teaching content 

Mary 11/5/14 Compare fractions with the same 
denominators 

11/12/14 Compare fractions with different 
denominators 

11/19/14 Use manipulative to compare 
equivalent fractions 

12/3/14 Continue working on comparing 
fractions 

12/10/14 Explore the relationship between 
multiplication and division 

12/17/14 Work on multiplication and 
division patterns 

Henry  1/22/15 Angles of elevation/depression; 
law of sines and law of cosines 

1/29/15 Points of concurrency and 
triangle inequalities 

2/5/15 Properties of midsegments 
2/19/15 Hinge theorem and converse 

Hinge theorem 
2/26/15 Review properties of 

quadrilaterals 
3/3/15 Quadrilaterals test review using 

Kahoot 
Winifred 1/27/15 Convert fractions to decimals 

2/3/15 Whole number subtract mixed 
number and mixed number 
subtract mixed number 

2/10/15 Display data on a dot plot 
2/17/15 Simplify numerical expressions 
2/24/15 Crater investigation: finding 

average 
3/2/15 Perimeter and area 

Michelle 1/28/15 Add and subtract rational 
equations 

2/4/15 Make a foldable for the rational 
unit and work on some examples 

2/9/15 Solve rational equations 
2/19/15 Study composition functions 
2/26/15 Solve a polynomial by factoring 
3/3/15 Go over logarithm and 

exponential equations 
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Interview data. The interview data corresponds to Carspecken’s (1996) stage 

three: Dialogical data generation via teacher interviews (p.43). In order to better 

understand teachers’ instructional decisions in response to teachable moments, the 

researcher employed Carspecken’s interviewing techniques. Carspecken (1996) 

suggests “jotting down a list of items for each topic domain” for the subject to 

talk about “but that you do not want to ask explicitly about because that could 

lead the interview too much” (p.157). Then the researcher constructed an 

interview protocol for each teacher (See Appendix B, C, D, E, F, and G). During 

the interview, the researcher used “interviewer responses” recommended by 

Carspecken (1996), such as “bland encouragements”, “low-inference 

paraphrasing” and “active listening” (p.158-160). The interview data provided a 

rich supply of information regarding teachers’ thinking process.  

Data Analysis 

Carspecken (1996) suggests that although “Preliminary reconstructive 

analysis” is presented in the second stage, it is cyclical and should be used 

repeatedly throughout the whole study. Data analysis began immediately after the 

conclusion of the first observation. After each observation, the researcher watched 

the classroom video and paid close attention to students’ questions or comments 

to identify units of teachable moments. For the purpose of this study, a teachable 

moment is defined as an unplanned opportunity created by a student utterance that 

arises in the classroom where a teacher has an ideal chance to change or extend 

students’ mathematical understanding. In the definition, there are two important 

components. First, the definition emphasizes that a teachable moment needs to be 
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a student-driven event such as a student’s question or comment. Second, this 

event offers an opportunity for the teacher to improve or change students’ 

mathematical understanding. The second component is based on the first one. A 

moment has to be started by a student in order to be considered as a teachable 

moment.  

Therefore, the researcher transcribed all of the sightings when a student’s 

comment or question was made public, no matter whether it satisfied the second 

component or not. The reason for doing that is to avoid missing teachable 

moments or identifying moments as teachable moments when they are not. The 

researcher conducted peer-debriefing by sharing the transcriptions with another 

graduate student to increase the level of rigor. Both researchers individually read 

the transcriptions and marked whether it was a teachable moment or not. For the 

identified teachable moments, the researchers also used the framework created by 

Stockero and Van Zoest (2013) and the framework created by Sun and Hanna 

(2013) to characterize the teachable moments and teacher decisions in response to 

them.  Then both researchers met to discuss the results and reach consensus. If the 

identified teachable moment was beyond the frameworks, the researchers used 

open coding (Carspecken, 1996) to label the feature. Each code was discussed 

between the researchers until an agreement was reached. Field notes were also 

used to inform the analysis process. 

Limitation 

 One limitation of this study is the small sample size. Because this study 

only examined teachable moments that happened in six experienced mathematics 
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teachers’ classroom instructions, the results are not generalizable to a larger 

population.  

Summary 

The intention of this chapter was to furnish the reader with information on 

the methodology used in this study. Specifically, it described the research design, 

methods, participants, data sources, data analysis, and limitations of the study.  



 

 

CHAPTER 4 

RESULTS 

 The fundamental goal for this study was to characterize teachable 

moments in experienced mathematics teachers’ classroom instruction. 

Specifically, this study identified the teachable moments faced by experienced 

mathematics teachers over a six-week period and described their decisions in 

response to those teachable moments. In this chapter, the researcher responded to 

the following research questions: 

a. What are characteristics of teachable moments in experienced 

mathematics teachers’ classrooms over a 6-week time period? 

b. What types of decisions do teachers make when a teachable moment 

occurs during instruction? 

To address these questions, findings are reported as characteristics of 

teachable moments and teachers’ decisions in response to those moments. 

The coding process resulted in the same three types of teachable moments 

as identified by Sun and Hanna (2013). These types were: incorrect mathematics, 

sense-making, and mathematical confusion. Teachers’ decisions in response to 

teachable moments were classified into seven types, four of which were also 

identified by Sun and Hanna (2013). These types were: extend/make connections, 

pursue student thinking, emphasize mathematical meaning, wait to allow student 

to explore first, emphasize mathematical process, acknowledge but continue, and 

ignore or dismiss. The last three types, emphasize mathematical process, 

acknowledge but continue, and ignore or dismiss were new types emerged from 
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the data of this study.
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Figure 2 shows the summary of characteristics of teachable moments and 

teacher decisions in the six participating teachers’ classrooms, Mary (M), 

Michelle (Mi), Barbara (B), Clair (C), Winifred (W) and Henry (H). 

 

In the following sections, examples of teachable moment and teacher decisions 

are provided. 
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Incorrect 
math 
(50) 

M 
Mi 
B 
C 
W 
H 

1 
2 
2 
1 
1 
0 

2 
6 
2 
5 
4 
0 

1 
2 
3 
2 
3 
0 

0 
0 
2 
0 
0 
0 

0 
4 
3 
0 
0 
0 

1 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
2 

5 
14 
12 
8 
9 
2 

Sense-
making 
(45) 

M 
Mi 
B 
C 
W 
H 

0 
0 
4 
0 
0 
0 

10 
4 
2 
4 

     2 
0 

2 
    2 

3 
1 

    3 
0 

0         
0              
1             
0          
0           
0 

     0 
2 
2 
0 
0 

      0 

1 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
1 

13 
8 
12 
5 
6 
1 

Math 
Confusion 
(24) 

M 
Mi 
B 
C 
W 
H 

1 
1 
0 
1 
1 
0 

 4 
     2 
     0 
     2 
     2 
     0 

    1 
    1 
    0 

0 
    2 

0 

    0 
    0 
    0 
    0 
    0 
    0 

      0 
      1 

 2   
 0 

      0 
      0 

0 
0 
0 
0 
0 
3 

0 
0 
0 
0 
0 
0 

6 
5 
2 
3 
5 
3 

Totals  15 51 26 3 14 7 3 119 
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Characteristics of teachable moments 

Incorrect Mathematics 

 A teachable moment often happens when students’ wrong mathematical 

thinking or an inaccurate answer is made public. However, this does not mean 

every time a student’s wrong answer is a teachable moment for the teacher, 

especially when a student’s wrong answer is based on careless calculation. For 

example, in Michelle’s class, one student said he did the same thing as the teacher 

did, but he came to a different answer. In fact, he had miscalculated one step, 9 – 

3 = 3. This mistake led to his wrong answer. This instance was not counted as a 

teachable moment because this student’s incorrect solution was based on his 

incorrect calculation that was not likely to provide an opportunity for the teacher 

to improve students’ mathematical understanding.  

Out of the 119 identified teachable moments in the data, 50 were classified 

as incorrect mathematics. The following example happened in Mary’s class. The 

decision she made in response to the moment was characterized as extend/make 

connections. 

Example 1: Incorrect mathematics, Extend/make connections 

Compare  !
!
  and   !

!
 

T: What about  !
!
  and   !

!
 ? 

S:  !
!
 is greater than !

!
 . 

T: Why? 

S: Because the smaller the denominator [is], the bigger the fraction [is].  
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T: OK. Let’s see. This is !
!
 , right? [Teacher picks up a fraction piece.] And 

this is !
!
 , right? [Teacher picks up another fraction piece.] When we 

compare !
!
 and !

!
 , we see !

!
 is greater than !

!
 . When their numerators are 

the same, the fraction with the smaller denominator is bigger. But here, do 

we have the same numerator? 

S: No. 

T: Can we compare the two fractions by drawing pictures? 

S: Yes. 

T: Can you come and show us? 

S: Yes. [Student went to the board and drew two equal rectangles. The 

first rectangle was divided into four equal pieces and three pieces of them were 

shaded. The second rectangle was divided into eight equal pieces and seven of 

them were shaded.] 

T: Can we tell which fraction is bigger by looking at this picture? 

S: Yes. !
!
 is bigger because it has more shaded parts. 

T: Can we tell which fraction is bigger by just looking at the unshaded 

parts? Remember last time someone talked about that method? 

S: Yes. The first rectangle has one piece left and the second rectangle also 

has one piece left? 

T: What fraction part is left for the first rectangle? 

S: !
!
 

T: What fraction part is left for the second rectangle? 
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S: !
!
 

T: Which one is bigger, !
!
 or !

!
 ? 

S: !
!
  

T: Why? 

S: Because they both have the same numerator, and the smaller the 

denominator, the bigger the fraction. 

T: Very good. 

Here the student’s incorrect answer provided the teacher a chance to 

revisit the mathematical knowledge about comparing fractions. The student’s 

wrong solution was based on his thinking that “the smaller the denominator [is], 

the bigger the fraction [is]”. When the researcher interviewed Mary about this 

instance, she said two days before that class, they focused on comparing fractions 

with the same numerators. Students had done many exercises that led to the 

impression that they only needed to look at the denominator to see which one was 

smaller and completely ignore the numerators. This student’s incorrect 

mathematics provided her an opportunity to emphasize that the student’s 

statement “the smaller the denominator [is], the bigger the fraction [is]” is true 

only under the condition that both numerators are the same.  

Sense-making 

 One situation that seems to ensure a teachable moment is when students 

make a comment or ask a question to try to make sense of the mathematics in the 

lesson. This kind of teachable moment, called sense-making, occurred 45 times in 

the data. As an example, the following instance happened in Clair’s class. Her 
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decision in response to the moment was classified as pursue student thinking. 

Clair was showing the students how to solve the problem 36− 18 ÷ 6+ 12 

using orders of operation. She emphasized on always doing the parentheses first. 

One student put up his hand. 

Example 2: Sense-making, Pursue student thinking 

T: yes? 

S: I want to see what would happen if we don’t do the parenthesis first. 

T: You think we will get the same answer? 

S: Yes. [Several students answered] 

T: Good question. John, why don’t you come to the board and try it. 

S: [student came to the board and wrote 36− 18÷ 6+ 12 = 36− 3+

12 = 33+ 12 = 45] 

T: Thank you, John. Let’s see what is our answer to this one [teacher 

pointing to the original question 36− 18 ÷ 6+ 12]? 

S: 15 

T: What is John’s answer? 

S: 45 

T: Are they the same? 

S: No. 

T: Why do we get different answers? 

S: Because the parentheses request that we have to the subtraction first. 

T: Yes, parentheses are symbols to show which operation should be done 

first in an expression. I am going to give you five numbers 1,2,3,4,5, and I 
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want you to think of a way to write an expression using addition, 

subtraction, multiplication, division or parentheses to make it equal to 10. 

 The student-generated question “I want to see what would happen if we 

don’t do the parentheses first” gives the teacher a chance to show the students 

what important role a parentheses plays in an expression. When the researcher 

interviewed Clair about this instance, she said solving expressions with 

parentheses was a requirement in the fifth grade curriculum. When teaching 

orders of operations, she used the abbreviation “PEMDAS” which is turned into 

the phrase “Please Excuse My Dear Aunt Sally” to represent the ranks of 

operations and told students that when they see a parentheses, they had to do the 

parentheses first. When students claimed that they would get the same answer 

without doing parentheses first, she saw this as a great opportunity to allow them 

to see whether they would get the same answer. She also wanted to extend their 

understanding of parentheses by giving them a challenging question of writing an 

expression with five numbers that equals to 10. Later when students presented 

their solutions to this challenging question, many correctly used parentheses in 

their expression.  

Mathematical Confusion 

 A student’s expression of his confusion about a specific mathematical idea 

or procedure can always create a teachable moment. Out of 119 teachable 

moments identified in the data, 24 were classified as mathematical confusion. The 

following example happened in Michelle’s class. The decision she made in 

response to the moment was characterized as emphasize mathematical process. 
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For example, as a warm-up question, Michelle was working with her students on 

this rational expression: 

Example 3: Mathematical confusion, Emphasize mathematical 

process 

2
𝑥 +

𝑥
4

𝑥 + 1
𝑥

 

Later, one student shared his answer on the board. 

2
𝑥 +

𝑥
4

𝑥 + 1
𝑥

=
2
𝑥 +

𝑥
4 ÷

𝑥 + 1
𝑥 =

𝑥! + 8
4𝑥 ×

𝑥
𝑥 + 1 =

𝑥! + 8
4(𝑥 + 1) 

S:  Wait. I am confused. How did you get !
!!!
!!

  ×    !
!!!

? 

T: OK. Do you understand the first step? 

S: Kind of.  

T: What we learnt when you have two terms separated by plus or minus 

sign [pointing to !
!
+   !

!
], what is that called?  

S: A binomial. 

T: What do we put around a binomial? 

S: parentheses. 

T: Why do we put parentheses around it? 

S: So that we won’t separate them. 

T: OK. This is a binomial. Just because it is fraction does not mean it is 

not a binomial. It is a binomial. So I still consider that to be my top 
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fraction. [Teacher writes down !
!
+ !

!
]. And what is this bar here 

[Teacher made the bar between !
!
+ !

!
  and !!!

!
 darker]  

S: a fraction bar. 

T: What is a fraction bar? What kind of operation does it imply? 

S: divide 

T: A fraction bar indicates a division of the numerator by the denominator. 

So it is actually ( !
!
+ !

!
  )÷ !!!

!
 .[Teacher writes it down on the board]. 

Now which operation do we do first? 

S: The addition inside the parentheses. 

T: How do we do this? 

S: Find common denominator. 4x.  

T: [Teacher writes down !
!
+ !

!
= !

!!
+ !!

!!  
] 

T: What is the answer to !
!
 + !

!
 ? 

S: !
!!!
!!

  

T: That is the first number in the second step. Right? What is the rule for 

doing division of fraction? 

S: Keep the first term, change division to multiplication and flip the 

second term. 

T: So it is !
!!!
!!

  × !
!!!

 . Does it make sense now? 

S: Yes. 
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In this instance, the student’s statement “Wait. I am confused. How did 

you get !
!!!
!!

  ×    !
!!!

?” shows that the student didn’t understand the second step of 

the solution. When students can clearly articulate mathematically what they are 

confused about, it normally can leads to a teachable moment. In this instance, it 

brings about an opportunity for the teacher to clear up students’ confusion of 

simplifying complex rational expression and division of fractions. When the 

researcher interviewed her about this instance, she said from her experience, 

students made a lot of mistake in simplifying rational expression, such as !
!!!"!
!

. 

Students usually crossed out 16𝑥 and put 2𝑥, then crossed out 8 at the bottom to 

get the wrong answer 𝑥! + 2𝑥. So she wanted to make sure the student fully 

understand the first step. The student’s answer “kind of [understand the first step]” 

confirmed her thought that the student didn’t fully understand the first step. As a 

result, Michelle first focused students’ attention on putting a parenthesis around a 

binomial. She said the reason why she asked students to put parenthesis around a 

binomial is to emphasize as a binomial, “they have to be together, no separation, 

no divorce” (interview, 02/08/15). She also realized solving division of fractions 

was often students’ difficulty. She wanted to reinforce the mathematical process 

of solving division of fractions. 

Teachers’ decisions in response to teachable moments 

The coding process resulted in seven types of experienced teachers’ 

decisions in response to teachable moments, which was three more than the types 

of experienced teachers’ decisions in response to teachable moments identified by 

Sun and Hanna (2013).  These types were: extend/make connections, pursue 
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student thinking, emphasize mathematical meaning, wait to allow student to 

explore first, emphasize mathematical process, acknowledge but continue, and 

ignore or dismiss. The first four types were the same as the types identified by 

Sun and Hanna (2013), but the last three types of decisions were newly identified 

from the data of this study.  

Extend /make connections 

This type of decision occurs when teachers exceed the subject that they are 

working on in that lesson to extend students’ understanding of a particular 

mathematical concept or make connections to their prior knowledge. In this study, 

teachers made decisions to extend the mathematics or make connections to 

students’ past learning 15 times. Example 1 illustrates Mary’s decision, where she 

extended students’ understanding of comparing fractions by looking at the 

unshaded part of the picture.  

Pursue student thinking 

Another type of response that experienced mathematics teachers made is 

to pursue student thinking. In such instances, teaches tried to understand what the 

student meant by asking the student to provide more information. In this study, 

teachers made decisions to pursue student thinking 51 times, the most decisions 

made by experienced mathematics teachers. Example 2 illustrates Clair’s decision 

to pursue student thinking by allowing them to see whether they would get the 

same answer without doing the parentheses first.  

Emphasize mathematical meaning 
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Another type of responses that teachers made is to emphasize 

mathematical meaning. The teacher focused on making students understand the 

meaning of the mathematics by emphasizing the definition of a mathematical 

concept or the mathematics behind a mathematical procedure. Teachers made this 

type of decisions in response to teachable moment 26 times in the data. As an 

example, the following instance happened in Michelle’s class. The teachable 

moment was classified as Sense-making. Michelle and the students were working 

on finding the value of f (g (-2)) based on the graph shown below. First they 

looked at the g (x) graph and found that g (-2) = -2. 

Example 4: Sense-making, Emphasize mathematical meaning 

 

T: OK. I’ll go back to f (g (-2)), cross out g (-2) and replace it with -2. 

Now I’m left to find what? 

S1: f (-2). It is no solution. 

T: It is no solution. You can either write down no solution or ∅. Yes? 

[talking to one student]. 

S2: But doesn’t the graph go on like this? [using his hand to show the 

direction of the line] 



 

 

44 

T: You mean the line should be continuous, right? 

S2: Yes. 

T: Let’s read the top of the page. What is the f (x) defined? What is its 

domain? 

S2: 0 ≤ 𝑥 ≤ 5 

T: So that means the value of 𝑥 has to be between 0 and 5. Can the value 

of 𝑥  be -2? No, because -2 is not included in that domain.  

S2: Oh. I see. 

Michelle took the student’s question “doesn’t the graph go on like this?” 

as an opportunity to highlight the definition of domain of a function. She said 

later in her interview that students were always familiar with drawing the graph 

with arrows on both ends. It seldom occurred to them that domain would be an 

important element in the graph. This was an example for her to redirect their 

attention to the concept of domain and clear their misconceptions. 

Wait to allow students to explore first 

 This type of decisions happened three times in the study. When a 

teachable moment occurred, the teacher didn’t immediately offer an answer to the 

student. Instead, she waited for a few minutes to allow students to explore first. 

The following example happened in Barbara’s class. The teachable moment was 

classified as mathematical confusion. Barbara was going over the slope-intercept 

form of linear equations using a graph on the board, one student interrupted her 

instruction. 
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Example 5: Mathematical confusion, Wait to allow students to explore 

first 

S1: In our homework, one question says the slope is !
!
    , and the point on 

the line is (10,3), they said the point is on the line. Write it as a slope-

intercept form. I don’t get that. 

T: OK.  So we will do that as an example when I come to the point-slope 

form. [pointing to the words “Point-Slope Form” on the other side of the 

board.] I am going to show you why you learnt that.  

S2: Yeh, I don’t understand that question, either. 

T: We’ll come to that. That’s why I left it till last. So let’s go back here.  

After that, she went back to continue talking about the slope-intercept 

form of linear equations. She didn’t return to this student’s question until 

she started talking about the point-slope form after five minutes.  

T: The question Dillion asked about says m = !
!
 , the point (10, 3) is on the 

line. It asked for the slope-intercept form, which is ? 

S: y = mx + b 

T: I have the “m” here [pointing to m = !
!
 on the board], but is this the “b”? 

[Pointing to the (10, 3)] 

S: No.  

T: No. That is why you have the point-slope form. [Pointing to the point-

slope form on the board 𝑦 − 𝑦! = 𝑚  (𝑥 − 𝑥!)]. The reason why the point-

slope is the better option is because I don’t have what? 



 

 

46 

S: the y-intercept? But how are you going to do that? Oh, you only need 

one point. OK. I got it. 

T: Does it make sense now? 

S: Yes. 

T: So now tell everybody what you just realized? 

S: ‘cause the point-slope form only needs one point and the slope. And 

this problem tells you the slope and one point. 

T: Now tell me how to do this. 

S: 𝑦 − 3 = !
!
  (𝑥 − 10) 

T: What do we do next? 

S1: distribute. 𝑦 − 3 = !
!
  𝑥 − 4 , then both sides plus 3. It is 𝑦 = !

!
𝑥 − 1. 

S2: So you solve to get the slope-intercept form? 

T: Yes.  

 In this instance, from the moment the student said he was not clear how to 

do that question “Write the slope-intercept form of a line with the slope equals !
!
 

and a point (10, 3) is on the line”, Barbara waited for about five minutes before 

she actually explained how to answer that question. When the researcher asked 

her about this instance, she said that she didn’t want to jump ahead to talk about 

the point-slope form for two reasons. First, she knew that some students were 

messed up by the whole jargon of a point on the line. She wanted to use the slope-

intercept one they had graphed on the board to show them what it meant by 

saying “a point is on the line”. She wanted her students to have a concrete 
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example to go with what the problem was actually saying. Second, she wanted her 

students to realize by themselves which form works the best for that question. 

Emphasize mathematical process 

 This is a new category emerged from the data. When analyzing teachers’ 

decisions in response to teachable moments, the researchers found some teachers 

focused more on the mathematical process instead of the meaning underlying the 

mathematical process. This happened more frequently among the high school 

teachers. Example 3 illustrates Michelle’s decision to emphasize mathematical 

process in response to a teachable moment  

Acknowledge but continue 

 This is also a new category that emerged from the data. Out of 119 teacher 

decisions in response to teachable moments, 7 were classified as acknowledge but 

continue as planned (6% of the decisions). Sun and Hanna (2013), when 

analyzing videos from Annenberg Learner’s multimedia resources, did not find 

any experienced mathematics teachers who acknowledged a teachable moment 

but continued with the lesson as. Stockero and Van Zoest (2013) listed this as one 

category that novice teachers made in response to teachable moments (10 times 

out of the 39 teacher decisions identified in their study). In the interviews, reasons 

they gave were that the teachable moments did not fit their goals of the lesson. As 

an example, the following instance happened in Henry’s class. The teachable 

moment was classified as Sense-making.  

Example 6: Sense-making, Acknowledge but continue 
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Find the circumcenter of △ 𝑇𝑉𝑂 with vertices T (9,0), V (0, -4) and O 

(0,0).  

T: What makes a circumcenter? 

S: a center of a circle. 

T: No, perpendicular bisector. So first of all, if you don’t have graphing 

paper, shame on you because this problem was tremendously easy if you 

have a graph paper. Let’s check this out. [Teacher draws the graph on the 

board]. Y-axis, x-axis. My coordinates are (9,0), (0, -4), (0,0). What type 

of triangle is this? 

S: Right triangle. 

T: So when you see right triangle, you should be really excited because it 

is going to be easier. So you are good. Perpendicular bisector, right? So 

first thing I will do to find the perpendicular bisector is to find the 

midpoint of each side. This is pretty easy. Half of 9 is 4.5. What is half 

point between 0 and 4? [He meant to say 0 and -4]. 

S: -2 

T: All right. Here is the question. Do I need to find the third side? 

S: No.  

T: Right. For all these points of concurrency, all you really have to do is 

two sides, because the third side will end up going through the same point 

if you do it correctly. For a right triangle, I know the circumcenter is going 

to be on what side? 

S: The hypotenuse.  
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T: So I don’t really need to mess up with the hypotenuse. But if you 

wanted to, you can do it. If you know that, you can just find the midpoint 

of the hypotenuse. That is what the circumcenter is going to be. So here, 

perpendicular, [Teacher draws a perpendicular line], here, perpendicular 

[Teacher draws another perpendicular line]. [The two perpendicular lines 

intersect at point (4.5, -2)]. So this ends up being my circumcenter. That is 

(4.5, -2). Questions on this one? 

S1: But I thought you had to use the distance formula. Like if you didn’t 

graph it, wouldn’t it have to be [using the distance formula]? 

T: If you don’t have graph paper, what you have to do [Teacher pauses for 

a few seconds]. Yeh, you have to use distance formula, no, midpoint 

formula. Wait, yes. 

S1: What? 

S2: The midpoint formula for the longest side. 

T: Well, I don’t know. I mean, to me, there is math ways to do it without 

ever graphing it. But if you have graph paper, you got to use graph paper. 

Why not use graph paper? 

The student’s question “But I thought you had to use the distance formula. 

Like if you didn’t graph it, wouldn’t it have to be [using the distance formula]?” 

implies that the student was trying to clarify her understanding of ways of finding 

the circumcenter of a triangle. It provided an opportunity for the teacher to review 

the general method of finding the circumcenter of a triangle. When the researcher 

interviewed him about this instance, he said that he had modeled them how to find 
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the circumcenter of a triangle by doing the regular way a few days before. Now he 

wanted his students to realize that if the triangle was graphed correctly, it would 

be easy and faster to find the circumcenter. Therefore, he placed emphasis on 

using graph paper as the tool. One of his goals was to prepare them for the SAT 

and ACT tests and since those tests were timed, he wanted his students to know 

efficient methods of solving problems.  

Ignore or dismiss 

 Another teacher decision that emerged from the data was to ignore or 

dismiss teachable moments. Out of 119 teachable moments identified in the data, 

three were ignored or dismissed. They all occurred in Henry’s classroom 

instruction. Here is an example. The teachable moment was classified as incorrect 

mathematics. 

Example 7: Incorrect mathematics, Ignore or dismiss 

Write an inequality to describe the possible values of n.  Then solve the 

inequality to find the values of n. 

∠𝐴𝐶𝐵 = 95!   ∠𝐴𝐶𝐷 = 105! 

          The length of BC is 8cm. The length of CD is 8cm. The length of AB is 

39cm. The length of AD is (4𝑛-11) cm.  
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            A     

 

 

      B C      D 

T: Which one is going to be bigger, 39 or 4𝑛-11? 

S1: 4𝑛-11 

S2: 39 

T: 39 is bigger [Teacher ignored the wrong answer that first student said]. 

So you have 39  > 4𝑛 − 11. Then solve for 𝑛.  

In this instance, students’ two opposite answers 39 and 4𝑛-11 create an 

opportunity for the teacher to revisit several important mathematical ideas related 

to Hinge Theorem. Henry ignored the wrong answer 4𝑛-11 and only picked up 

the correct answer 39. He then went ahead and wrote down 39> 4𝑛 − 11 instead 

of explaining why 39 was bigger than 4𝑛-11. When the researcher interviewed 

him about this instance, he reported that he had a certain numbers of days for a 

unit, and if he spent too much time on one problem, he would risk not finishing 

what he was supposed to teach for that day. Therefore, his strategy was to work 

the problem himself and let the students see how he did it. 

Discussion 

The characteristics of teachable moments in participating teachers’ 

classroom instruction consistently falls into three types: incorrect mathematics, 

sense making and mathematical confusion, which aligned with Sun and Hanna’s 
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(2013) findings. Most of the experienced mathematics teachers noticed teachable 

moments and capitalized on them. Out of 119 teachable moments identified in the 

six experienced mathematics teachers’ classroom videos, only 6 teachable 

moments were acknowledged but continued as planned and another 3 teachable 

moments were ignored or dismissed. Henry was the only teacher in this study that 

did not have a lot of teachable moments in his classroom instruction.  

When a teachable moment appeared, the most decisions experienced 

mathematics teachers made were to pursue student thinking (51 times out of 119 

teacher decisions) and extend or make connection to students’ prior knowledge 

(26 times out of 119 teacher decisions) (See Figure 2). Most experienced 

mathematics teachers were able to recognize important mathematical moments 

that occur during a lesson and capitalize on those moments to support student 

learning.  

This study also led to a recommended revision of Sun and Hanna’s (2013) 

framework of including three additional types of teacher decisions in response to 

teachable moments: emphasizing mathematical process, acknowledge but 

continue and ignore or dismiss.  



 

 

Chapter 5 

Conclusions and Implications 

Introduction  

The purpose of this study was to characterize teachable moments in 

experienced mathematics teachers’ classroom instruction and teachers’ decisions 

in response to teachable moments. The intention of this chapter is to describe the 

conclusions and implications of the results of this study. 

Conclusions 

Stockero and Van Zoest (2013) claimed teachable moments could happen 

in any classroom “regardless of the nature of the classroom instruction or the 

curriculum used” (p. 144). In this study, the researchers found teachable moments 

in every participating teacher’s classroom. The number of teachable moments per 

teacher ranged from 6 to 27. This suggests that it is very important to support all 

teachers, both pre-service and in-service, in increasing their ability to recognize 

and act upon teachable moments. It also calls on further research of why some 

classrooms have more teachable moments than others.  

Out of 119 teachable moments, the six experienced mathematics teachers 

made use of the opportunity to pursue student thinking 51 times (43% of the 

decisions). The second highest decision that teachers made in response to 

teachable moments is to emphasize mathematical meaning (26 times). A similar 

rate was found for teachers’ decisions to extend or make connections to students’ 

prior knowledge and to emphasize mathematical process (15 and 14 times 

respectively). In this study, the researcher found that high school mathematics 
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teachers were more likely to emphasize mathematical process in response to 

teachable moments while the elementary school mathematics teachers paid more 

attention to emphasizing mathematical meaning. 

 

Implications 

Sun and Hanna (2013) created a framework for characterizing teachable 

moments in experienced mathematics teachers’ classroom instruction based on 

Stockero and Van Zoest’s (2013) framework for characterizing teachable 

moments in novice teachers’ classroom instruction. However, the classroom 

videos that Sun and Hanna (2013) used were professionally edited and the 

researchers did not have interview data regarding the teachers’ decisions. 

Therefore, this study adds to our knowledge of teachable moments and teacher 

decisions in response to them. The resulting framework from this study confirmed 

the categories identified by Sun and Hanna (2013) and at the same time offers 

revisions by adding three more categories of teacher decisions in response to 

teachable moments. Further research is needed to refine these categories. 

In this study, the researcher observed and videotaped the same teacher in 

the same class for six times. The six visits offered the researcher a substantial 

amount of data for identifying teachable moments. However, it is recommended 

that three or four visits are sufficient. After three visits, the researcher had 

developed an idea of the characteristics of teachable moments in that teacher’s 

classroom instruction and that teacher’s decision in response to teachable 

moments.  
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The findings of this study suggest that years of experience do not 

necessarily correlate with numbers of teachable moments. Instead, a teacher’s 

disposition toward student thinking might be more closely linked to instances of 

teachable moments. Future research might include interviewing teachers 

regarding their disposition toward student thinking. 

As with Leatham et al. (2015) and Stockero et al. (2014), the findings of 

this study provide an opportunity to advance understanding of prolific use of 

student mathematical thinking and might be used as a tool to support teachers 

focus on mathematically rich moments in the classroom. Teacher educators or 

professional development providers can also use the findings of this study to help 

pre-service teachers or in-service teachers enrich their abilities to recognize and 

effectively respond to teachable moments during instruction.  
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RECRUITMENT FLYER 

My name is Li Sun and I am a mathematics education doctoral student at 

the University of Houston. This is an invitation to participate in a research project 

called: Characterizing Teachable Moments in Classrooms of Experienced 

Mathematics Teachers. Your participation is voluntary and you may refuse to 

participate or withdraw at any time without penalty or loss of benefits to which 

you are otherwise entitled. You may also refuse to answer any questions. 

The purpose of the study is to explore the characteristics of teachable 

moments in classrooms of experienced mathematics teachers. All mathematics 

teachers in the Houston area who have had at least 5 years of teaching experience 

will be invited to participate in this study. 

 By agreeing to participate in this project, you will have a total of six 

lessons observed and video-taped, one per week for six weeks. Post-observation 

interview will be conducted and audio-recorded, at a convenient time of you. You 

will receive a $25 Visa gift card for your participation. 

This project has been reviewed by the University of Houston Committee 

for the Protection of Human Subjects (713)-743-9204, and I am working under 

the supervision of Dr. Jennifer Chauvot jchauvot@uh.edu (713)-743-9864.  If you 

are interested in participating in this study, please reply to this email and provide 

the following information. If you have more questions before you make your 

decision, please email me  at lsun7@uh.edu or Dr. Chauvot  jchauvot@uh.edu 

and we would be happy to schedule a conference call with you.  
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Name: _______________________ 

Email: _______________________ 

Phone:_______________________ 

 

 

Thank you very much for your time! 
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INTERVIEW PROTOCOL FOR WINIFRED 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “When working on converting 4/12 to decimals, students first 

simplified 4/12 to 1/3 and then when you asked them how to write that as a 

decimal, many students said 33 hundreds. Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “Hearing students said 33 hundredths, you asked them again ‘just 33 

hundredths?’. Is there a specific reason for you to do that?” 

  (2).“One student said .75+.4 = .79.  Can you describe that in detail?” 

 (3). "You said .4 is like four dimes. Can you tell me why you did that?” 

(4). “When working on simplifying 10-2¾, one student said her answer is 7½, you 

asked her to explain how she did it and finally she figured out what part she got 

wrong. Is there a specific reason for you to do that? ” 

(5). “When working on 8+2.6, one student said the answer is ten sixths even 

though she meant 10.6. You wrote down 10/6 on the board. Can you tell me more 

about that? ”  
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Topic Domain Two: Students’ sense-making 

Lead-off question: “When working on converting mixed number 4 and 2/9 to 

improper fraction, one student asked “how do you know it is 4x9?” Can you tell 

me more about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 

possible follow-up questions: 

   (1)."another student said whole number times the denominator and you asked 

‘Do you know why? Yes or no?’ Can you describe that in detail? ” 

    (2)."You draw three circles on the board and for each circle you divided it into 

halves. Can you tell me more about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When working on 3⅜ -1¼, you asked “what is the common 

denominator going to be?” and some students said 8 and some said 16, but later 

they figured out for 16, when you finish, you have to simplify it. Then one student 

said “I got confused sometimes. I don’t know whether I should simplify the whole 

number or the fraction number?” Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 
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student’s confusion] 

possible follow-up questions: 

1. You said “that happened to the second period students also. When you think 

of a mixed number which is a whole number and a fraction part, you don’t 

simplify the whole number but you do need to simplify the fraction number. 

I am glad you just mentioned that.” Can you tell me more about that? 

2. Why do you think students will want to simplify the whole number? How 

can a whole number be simplified? 

3. One student said “I am confused. Why did you put 6¾ after 6½, but you put 

5⅓ before 5½? Can you tell me more about that? 
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INTERVIEW PROTOCOL FOR BARBARA 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “When you asked students what was the answer to 0 divided 

by 5, some students said the answer was zero and other students said the answer 

was undefined. Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “After you said −1− 4  gives me, one student said ‘five,  you have to add 

them’. Can you tell me more about that? 

  (2).“When talking about the x-intercept, one student said the coordinate of the x-

intercept was (0,4).  Can you describe that in detail?” 

Topic Domain Two: Students’ sense-making 

Lead-off question: “When you were explaining the linear equation 2𝑥 + 4𝑦 = 8, 

one student asked you ‘Where is the m in that equation?’Can you tell me more 

about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 
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possible follow-up questions: 

   (1)."Seeing you draw a x-y chart on the board, one student said, ‘Wait, so you 

use the x-y chart to find the m’ Can you describe that in detail? ” 

    (2)."After you wrote down 𝑦 − 8 = − !
!!

  (x-20), one student asked how she 

could find the y-intercept of the equation. Can you tell me more about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When working on the question ‘which value of x is a 

solution for the inequality 9− !
!
   3− 𝑥 > 11’, one student said ‘I am confused. 

How did you get answer D.’ Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 

student’s confusion] 

possible follow-up questions: 

1. You asked the student which step cause his confusion. Can you tell me more 

about that? 

2. One student said she got the idea of finding the slope of a line, but she didn’t 

understand what kind of line it would be when the slope is undefined? 
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INTERVIEW PROTOCOL FOR MICHELLE 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “One student said ‘when I did the factoring 2𝑥! + 13𝑥 +

15,  ’I did guess and check and I get (2𝑥 + 15)(𝑥 + 1). Can you tell me more 

about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “You asked the student to how he did the guess and check’. Is there a 

specific reason for you to do that?” 

  (2).“One student said ‘if you combine the 2 and (𝑥 + 3𝑦), you can cancel out the 

2𝑥 + 3𝑦 at the bottom’. Can you tell me more about that?” 

Topic Domain Two: Students’ sense-making 

Lead-off question: “A student asked whether he could cross reduce when the 

numbers are on top of each other. Can you tell me more about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 
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possible follow-up questions: 

   (1)."One student asked ‘would it be different if we put y after 2x and x to make 

it 2𝑥𝑦 + 3 𝑥𝑦 + 5 .’ Can you describe that in detail? ” 

    (2)."When working on this question 𝑥 + !
!
  = 6 , one student asked ‘Can we 

check the undefined first’? Can you tell me more about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When working on the question ‘write the simplest 

polynomial function with the given zeros,’ one student said I am confused. How 

could we find that equation.’ Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 

student’s confusion] 

possible follow-up questions: 

1. You asked students what those given zeros represent on the graph? Is there a 

specific reason for you to do that?  

2. A student said ‘I am confused. How did you find f (2) = 0’. Can you tell me 

more about it? 
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INTERVIEW PROTOCOL FOR CLAIR 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “When students were presenting their answers to the problem: 

write an equation to represent the number of beads Lisa used to make each 

friendship bracelet. One student wrote 278− 54 = 224÷ 8 = 28.  Can you tell 

me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “You asked the student what the meaning of an equal sign. Is there a specific 

reason for you to do that?” 

  (2).“One student wrote 200-128, but she said ‘take 200 from 128’. Can you tell 

me more about that?” 

Topic Domain Two: Students’ sense-making 

Lead-off question: “A student said ‘I want to see what happened if we don’t 

follow the order of operation’. Can you tell me more about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 
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possible follow-up questions: 

   (1)."You asked the student to come to the board to work on this problem 

without following the order of operation. Is there a specific reason for you to do 

that?” 

    (2)."Later, you presented a challenging question which is to write an expression 

with 1,2,3,4,5 and any operation to make it equal to 10. Can you tell me more 

about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When you asked students whether 3×12, 12×3, 3÷

12, 12÷ 3, will affect the answer. One student said ‘I am confused.’ Can you tell 

me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 

student’s confusion] 

possible follow-up questions: 

1. “You asked students which part caused her confusion? Is there a specific 

reason for you to do that?”  

2. “One student said, ‘I don’t understand how you did the DVD renting 

problem’. Can you tell me more about it?” 
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INTERVIEW PROTOCOL FOR HENRY 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “When you asked students ‘which one is going to be bigger, 

39 or 4𝑛 − 11’ , some students said 39 and some students said 4𝑛 − 11.  Can you 

tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “You didn’t ask students why they chose the answer 39. Is there a specific 

reason for you to do that?” 

Topic Domain Two: Students’ sense-making 

Lead-off question: “A student asked ‘what does it mean to tell the range of the 

variable. Is it just subtract them’. Can you tell me more about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 

possible follow-up questions: 

   (1)."You said ‘Yes, I got you’. Can you tell me more about that? ” 
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    (2)."A student asked ‘when do we use the distance formula’? Can you tell me 

more about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When working on simplifying 18, one student said ‘I am 

confused by the factoring tree thing.’’ Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 

student’s confusion] 

possible follow-up questions: 

1. You said ‘that’s is what Khan Academy comes into play. It is practice, 

practice, practice.’? Is there a specific reason for you to do that?  

2. “A student said ‘I am confused. How did you get 18𝑠𝑖𝑛32 = 𝑥𝑠𝑖𝑛105’. Can 

you tell me more about it? 
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APPENDIX G 

Interview Protocol for Mary 
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INTERVIEW PROTOCOL FOR MARY 

Topic Domain One: students’ incorrect mathematics 

Lead-off question: “One student said ‘’If like you take the !
!
 and make it like 

adding, take another !
!
 , you will get the !

!
 . Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ wrong way of answering 

questions; teacher’s strategies for handling students’ wrong way of thinking; 

teacher’s beliefs on what causes student’s mistake] 

possible follow-up questions: 

  (1). “You asked the student to use fraction pieces to demonstrate what he meant. 

Is there a specific reason for you to do that?” 

  (2).“One student said !
!
 is bigger than !

!
 . Can you tell me more about that?” 

Topic Domain Two: Students’ sense-making 

Lead-off question: “After some practice on adding and subtracting fractions 

witht the same denominator, one student said ‘fractions are easy. You just add or 

subtract the numerators.’ Can you tell me more about the whole event?” 

[Covert categories: teacher’s perceptions of students’ sense-making; teacher’s 

strategies for handling student’s sense-making; teacher’s beliefs on students’ 

questions] 
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possible follow-up questions: 

   (1)."You gave students another question !
!
+ !

!
  . Is there a specific reason for you 

to do that? ” 

    (2)."One student said ‘we can only use triangle to represent one fraction. Can 

you tell me more about this?” 

 Topic Domain three: students’ confusion 

Lead-off question: “When working on comparing fractions with the same 

numerator, one student said ‘I don’t understand why the smaller denominator is 

the larger one.’’ Can you tell me more about that? ” 

[Covert categories: Teacher’s perceptions of students’ confusion; teacher’s 

strategies for handling students’ confusion; teacher’s beliefs on what causes 

student’s confusion] 

possible follow-up questions: 

1. You asked the student to take out his fraction pieces. Is there a specific 

reason for you to do that?  

2. You talked about attending a birthday party. You want to have a larger piece 

of cake. You asked students whether you should take half of the cake or a 

quarter of the cake. Can you tell me more about it? 

 


