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Teachers are being asked to engage in ambitious mathematics teaching in order to 

reform children’s mathematics learning, and it has proven to be challenging.  Unraveling 

the challenges requires understanding the in-the-moment decisions that teachers make 

while teaching mathematics. The focus of this study is to understand teacher noticing, the 

ways in which teachers identify, reason about and make decisions in the situations that 

occur when engaging English language learners in problem solving.  Specifically, I used 

the construct of professional noticing of children’s mathematical thinking (Jacobs, Lamb, 

& Philipp, 2010) to investigate what three bilingual teachers notice as they participate in 

a teacher study group to analyze and reflect on their experiences in weekly problem 

solving small groups.  What teachers noticed reflected attention to situations in which 

they struggled to understand children’s mathematical thinking and attempts to direct 

students towards correct problem solving.  Teachers’ decisions and struggles in engaging 

children in problem solving also revealed a focus on the role of preparing English 

language learners be successful for standardized testing.  However, looking at student’s 

work in the teacher study group began to help teachers focus on children’s mathematical 

thinking.  Implications on continued understanding of teacher noticing, effective 
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mathematics professional development and developing understanding of mathematics 

teaching to English Language learners are discussed. 
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Chapter 1: Rationale 

Several central Texas school districts now require that elementary classrooms 

include a “problem of the day” as part of the daily component of the mathematics lesson.  

I had the opportunity to observe a former student from my elementary mathematics 

methods leading a third grade bilingual class in solving the problem of the day: “La 

maestra Silva tiene 221 paletas para los estudiantes de tercer grado.  Regalo 189 de las 

paletas. ¿Cuántas paletas le quedan?” (Ms. Silva has 221 popsicles for the 3rd grade 

students.  She gave away 189 popsicles. How many popsicles does she have left?) The 

student teacher read the problem aloud to the 3rd graders seated on the floor in front of her 

and began with this question, “How do we know this is a subtraction problem?” The 

students answered “Because it says ‘gave away’” Next the student teacher asked: “What 

are the important numbers in the problem?” The students were able to answer accurately 

and were also able to tell the student teacher which key words to underline in the problem 

that stated the question. Most of the students solved the problem with the traditional 

subtraction algorithm on their white boards and the only discussion about the strategies to 

solve this problem were limited to asking students for the next step in the procedure to 

solve the subtraction algorithm. The student teacher praised the students for their problem 

solving and went on to the next activity. 

I begin by introducing this scenario for a couple of reasons. One, this format of 

problem solving with students, in which the focus of problem solving is on determining 

the operation to be used and underlining key words and numbers, was not a method that I 

had presented in the elementary mathematics methods course.  Yet it was what this 

teacher student perhaps felt most comfortable in doing in a whole group scenario.  

Second, it highlights the differences about what it means to engage in problem solving 
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with children and what teachers may be focusing on in their interactions with children. 

Some teachers, as this one, might be satisfied that most of the children were easily 

participating by answering her questions and could accurately determine the operation to 

be used and do the arithmetic quickly and correctly. The focus of the teachers’ questions 

was primarily to establish one method of correctly solving the problem.  Another teacher, 

however, might view this episode as one of “missed opportunities” in which problem 

solving is both an opportunity to gain understanding of children’s mathematical thinking 

and to mathematically challenge students(Hiebert et al., 1997).  For example, did any of 

the children think of another way to solve this problem? Was there anything that the 

children noticed about the numbers in this problem? Could anyone come up with an 

estimate of what the left over popsicles might be? These “missed” opportunities are 

rooted in the children’s ways of making sense of this problem and evolve from children’s 

strategies and discussions of those strategies.  So how do teachers decide what to attend 

to in student work or utterances in a problem solving situation and decide what 

corresponding questions or moves should follow? 

Differences between teachers engaging children in problem solving can be 

understood by viewing mathematics teaching through the construct of teacher noticing, 

which can defined as what teachers “attend” to in a classroom setting and how they 

“make sense” of the events that occur (Sherin, Jacobs, & Philipp, 2011). Given the 

complexities of the classroom, where there are many stimuli competing for a teacher’s 

attention, what is the basis for the in-the-moment decisions that a teacher makes? If 

teachers are making in-the-moment decisions about what to ask or say based on what 

they notice while engaging in problem solving with children, then it is important to 

understand these interactions and the reasoning for the follow up teaching moves. Several 

long-term mathematics professional development studies have already begun to 
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document what it is that teachers notice about mathematics teaching and learning in their 

classrooms(Breyfogle, 2005; Santagata, 2009; van Es, 2011; van Es & Sherin, 2002, 

2008).  What did the teacher at the beginning of this chapter notice? How did what she 

notice help her decide what questions to ask and when to ask them?   The principal focus 

of this study is thus to understand what it is that teachers pay attention to or “notice” as 

they work to understand children’s mathematical thinking (in the context of a 

professional development experience) and engage children in problem solving.   

 

NOTICING IN THE ELEMENTARY CLASSROOM 

As human beings, we “notice” what is going on around us all the time (Mason, 

2002). In our areas of expertise,  we are especially attuned to noticing specific details. For 

teachers, in their classrooms and in working with children, what they notice and thus 

react to largely determines the flow of the lesson and the resulting interactions with what 

children say and do. Noticing in the classroom has several characteristics that research 

has noted and I briefly define here.  

Erickson’s (2010) research in the 60s and 70s, which did not use the term 

noticing, focused on what teachers observed and made sense of in their classrooms from 

day to day. Goodwin(1994) introduced the term professional noticing to reference what it 

is a community of practitioners “sees” and is able to “articulate” in similar ways.  The 

research has recently evolved to focusing on the what  mathematics teachers find relevant 

and talk about in similar ways, that is, what they notice (Sherin, Jacobs, Philipp, 2010). A 

second characteristic is that there are differences between what prospective teachers and 

more experienced teachers notice. For example, Philipp et al. (2012) have found that the 

level of detail in describing student’s mathematical strategies from varies according to the 
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experience in understanding of children’s mathematical thinking.  A third characteristic 

of noticing is that teachers often respond to what they notice. For example, 

Kennedy(2005) found that teachers reported responding to students who they felt were 

going to be a disruption by calling them to attention.  These teachers were noticing 

possible misbehavior and responding to it. Finally, the last characteristic of noticing is 

that what teachers notice over time can change. Research on teacher study groups of has 

found that focusing on discussing and viewing video of classroom interactions helped to 

change not only what teachers noticed, but also the way they respond to what is occurring 

in the classroom (Breyfogle, 2005; Kazemi & Franke, 2004).  Noticing is thus a valuable 

construct to understand what occurs in the mathematics classroom and how teachers 

respond to children’s mathematical thinking. 

 

A FRAMEWORK FOR CHILDREN’S MATHEMATICAL THINKING 

The studies that emerged from the Cognitively Guided Instruction (CGI) research 

developed a framework for understanding children’s mathematical thinking(Carpenter, 

Fennema, Franke, Levi, & Empson, 1999; Carpenter, Fennema, Peterson, Chiang, & 

Loef, 1989; Fennema et al., 1996).  Understanding children’s mathematical thinking can 

be linked to distinctions between what teachers may be noticing as they engage children 

in problem solving. The CGI studies provided a framework for understanding the 

progression of strategies that children might use to solve problems. Engaging children in 

problem solving can be enhanced by the use of this framework as a means to understand 

what is relevant about the ways in which children problem solve. Current research has 

found that there is a specific expertise involved in teachers noticing what is occurring 
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during problem solving (Jacobs et al., 2010; Jacobs, Lamb, Philipp, & Schappelle, 2011; 

Philipp et al., 2012). 

Longitudinal CGI studies revealed differences in teachers and their approaches to 

engaging children in problem solving (Fennema, et al., 1996; Franke et al., 1998; Franke 

et al, 2001; Franke et al., 1997). The CGI studies revealed differences in how teachers 

used the knowledge of children’s mathematical understanding in order to engage children 

in problem solving.  Though all the teachers received similar sustained professional 

development, not all teachers continued to use the CGI frameworks for teaching 

mathematics. Researchers were able to classify the teachers according to “markers of 

change” based on interviews and classroom observations in order to categorize the beliefs 

and practices of teachers who continued to use CGI principles in their mathematics 

instruction. Starting from Level 1, in which teachers did not use children’s mathematical 

thinking as a factor in mathematics instruction, through Level 2 and Level 3, where 

children’s thinking did play a role, to Level 4a and 4b.  Instruction in Level 4a was driven 

by teachers’ knowledge of children’s mathematical thinking in general, whereas 

instruction in Level 4b teachers used both individual children’s thinking as the center of 

the mathematics classroom, and were flexible in their use of children’s thinking to direct 

their questions and problem choices.  The CGI longitudinal studies discussed the teachers 

who had attained a Level 3 or 4a or 4b status and their interviews were analyzed for 

understanding why and how they changed.  What I continued to ponder was why the 

Level 2 teachers did not advance as the others did.  Level 2 teachers were quoted as being 

concerned with issues of time, classroom management and content coverage and thus did 

not base their teaching decisions on students’ mathematical thinking (Franke, Carpenter, 

Levi, & Fennema, 2001).  What were they noticing? Level 1 and 2 teachers might be 

compared to the new teacher at the beginning of this chapter who although had been 
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exposed to the framework for understanding children’s thinking, did not do so in their 

daily interactions of engaging children in problem solving. Teachers at each of these 

levels are noticing and responding to different criteria in their classrooms. 

These differences again highlight a central question whose answer has evaded 

researchers.  In the case of the longitudinal CGI studies, for those teachers who were at 

Level 1 and 2, did not develop the same expertise as the Level 3, 4a and 4b levels.  So 

what were they noticing that was different than the other teachers? What did they choose 

to respond to instead? Learning about children’s mathematical thinking and a framework 

to understand their strategies is not the only important step in how teachers may change 

the ways they engage with children in problem solving. Cooney (2001) makes an 

excellent analogy between what has been learned through the CGI studies and how the 

framework of children’s mathematical thinking helps us understand what remains to be 

answered:  

The argument for developing models of children’s understanding of mathematics 
is that teachers can then use those schemes as a basis for educating children.  
Consider for example, Cognitively Guided Instruction.  Similarly, we could use 
models for conceptualizing how teachers make sense of their worlds so that the 
effect of our instruction is purposeful and not random.  Just as we would like 
teachers’ teaching to be scientific in the sense that it is based on what students 
know, so should our teaching of teachers be based on viable interpretations of 
their worlds.  This is the science of teacher education that can provide us with the 
kinds of insights we need for our work with teachers. (p. 29)  

Cooney points out that framework for understanding children’s thinking is a very 

useful tool for teachers to use in their classrooms. It can provide a teacher with a source 

of comparison for understanding what a child’s strategy reveals about their mathematical 

thinking.  So, just as teachers are called upon to elicit and interpret student’s 

understandings, teacher educators need to elicit and interpret teachers’ ways of making 

sense, including what teachers notice. 
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PROFESSIONAL NOTICING OF CHILDREN’S MATHEMATICAL THINKING 

 Jacobs et al. (2010) have developed a construct that combines teachers’ 

mathematical noticing and the CGI framework for understanding children’s thinking: 

professional noticing of children’s mathematical thinking. Professional noticing of 

children’s mathematical thinking entails making sense of and responding to children’s 

thinking in problem solving situations.  They define this construct as a set of three 

connected skills: attending to children’s strategies, interpreting children’s 

understandings, and deciding how to respond on the basis of children’s understandings. 

Whereas much of the noticing work done has focused in on mathematics classrooms in 

general, this focused view of teacher noticing, with its roots in what is knonw about 

children’s mathematical thinking, allows for more nuanced interpretations of 

understanding what teachers notice about engaging children in problem solving.  There is 

already an understanding that years of participation in long-term professional 

development can mark differences in what teachers notice in these three skills(Philipp et 

al., 2012). However, studies so far have been limited to documenting what teachers 

notice from video of a class and looking at a student’s strategy.  Still unknown is what 

teachers notice in their own teaching or engaging children in problem solving.   

 

PROFESSIONAL DEVELOPMENT THAT FOCUSES ON ENGAGING CHILDREN IN PROBLEM 
SOLVING 

With the consensus of major educational research on what it means to know and 

learn mathematics, a focus has emerged on the key role of problem solving in the 

mathematics classroom (Cobb, Wood & Yackel, 1993; Goos, 2004; Lampert 1998; 

NCTM, 2000; O’Connor & Michaels, 1996).  Problem solving is when students engage 

in mathematical tasks, that they have no predefined strategy for, and are afforded an 
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opportunity to learn through engagement with the mathematical ideas in the solutions 

(Hiebert, et al., 1997).  Key to students’ engaging in problem solving is teachers’ 

facilitation of discussions based on problem solving strategies. However, teachers have 

difficulty in teaching mathematics with a focus on problem solving and facilitating 

discussions (Nathan & Knuth, 2003; Silver, Ghousseini, Gosen, Charalambous, & 

Strawhun, 2005; Stein, Engle, Smith, & Hughes, 2008; van Es & Sherin, 2002). 

Lampert, Beasley, Ghousseini, Kazemi, and Franke (2010) have noted that 

teachers are now expected to be confident with “ambitious teaching” in which a teacher’s 

in the moment interpretations and decisions help lead students towards greater 

mathematics understanding. However, merely asking teachers to make these changes 

does not provide them with the understanding of how to engage children in problem 

solving. Effective professional development takes into account what teachers understand 

about engaging in problem solving and then by being sensitive to teachers’ needs, 

develops a plan of action with the teachers (Borko, 2004; Guskey, 2002; Mewborn, 2003; 

Sfard, 2003).  This resonates with Cooney’s (2001) claim that we need to develop a 

framework for understanding what it is that teachers notice. If we have a framework we 

will be more sensitive to teachers’ need and can provide the best professional 

development from that standpoint.  Along the same line of reasoning, Richardson (1990) 

advocated for opportunities in which teachers’ experiences and beliefs are acknowledged 

and allowed to form opinions on what they are expected to do.  Noticing constructs are 

about understanding how teachers make sense of and interpret instruction. Thus effective 

professional development to help teachers begin to make sense of what is happening in 

the classroom needs to begin from the perspectives and beliefs that they bring.   

Many of the noticing studies that are presented in chapter two are based in long-

term professional development studies. The findings from those studies will be explained 
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later, but there are a few key characteristics of those professional developments that were 

useful to understand what teachers noticed about mathematics classrooms.  These key 

characteristics, some form of teacher study group and the use of artifacts of practice will 

also be used in this study to understand teachers’ noticing 

 

Teacher Study Group, Artifacts of Practice & Teacher Reflection 

This study will incorporate two features of effective professional development as 

a way to further understand teacher noticing. For this study, a teacher study group was 

formed for the purpose of reflecting and having a space to discuss the problem solving 

sessions the teachers facilitated with their students.  The benefits of meeting with other 

teachers to discuss and make decisions about teaching have been documented in the 

literature (Borko, 2004; Kazemi & Franke, 2004; Mewborn, 2003).   These groups are 

also called “focus groups”, “video clubs”, or “talk groups” in the literature (Crespo, 2006; 

Nemirovsky, Dimattia, Ribeiro, & Lara-Meloy, 2005; Santagata, 2009; van Es & Sherin, 

2008). Because teachers do not teach at schools in isolation, and are expected to be part 

of a team and a system, it follows that any attempts to work with teachers towards 

improved teaching practices requires a group effort (Richardson, 1990).  These groups 

are often a place for reflection and self-analysis in a “safe space”(Webb, Romberg, Ford, 

& Burrill, 2005). 

Another professional development component that helps to document teacher 

noticing is the use of “artifacts of practice” as a focal point of the teacher study groups. 

These artifacts could be, for example, video examples or student work (Kazemi & 

Franke, 2004; Little, 2004; Mewborn, 2003). Borko (2004) calls them “records of 

practice” and considers them to be influential instruments in helping teachers view their 
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classrooms as “sites for learning”.  Many of the key noticing studies mentioned used 

artifacts of practice for their professional development.  The difference with this 

dissertation study is that the teacher study groups for this study were videotaped to 

capture the discussion and reflection that occurred over what the teachers observed in 

their problem solving sessions.  So thus the analysis is also on the videotapes of teachers 

teaching in order to further analyze what Kazemi & Franke (2004) as well as van Es & 

Sherin (2008) considered a focus for future research studies.  Richardson (1990) 

highlighted the need for discussion and reflection around teachers’ practices as a 

necessary component for teacher change.  Artifacts of practice are one way to support 

this kind of discussion and reflection in professional development.  

Professional development studies have begun to develop an understanding for 

what teachers notice in the context of teaching mathematics. Noticing is generally agreed 

to have three distinct parts: identifying particular events or cues, reasoning about the 

cues, and making teaching decisions (either in the moment or after reflection) based on 

what was initially noticed (van Es, 2011).  Many of the noticing studies thus far have 

begun to differentiate on how different teachers notice different phenomenon while 

teaching mathematics. Given the success of the CGI teachers who transform their 

teaching when they use their children’s mathematical thinking to transform their daily 

teaching, noticing may be the key to understanding differences in teachers’ teaching 

decisions and reasoning. 

 

FOCUS ON CLASSROOMS WITH ENGLISH LANGUAGE LEARNERS 

Due to the increasing number of second language students in the country’s 

classrooms (Genesse, Lindholm-Leary, Saunders, & Christian, 2005), understanding how 
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to improve mathematics instruction for these learners is of critical importance (Ben-

Yehuda, Lavy, Linchevski, & Sfard, 2005; Gandara & Hopkins, 2010). It has been 

reported that many teachers have had unfortunately minimal preparation for teaching 

English Language Learners (ELLs) in their classrooms and consequently feel they are not 

ready to teach ELLs (Lucas, Villegas, & Freedson-Gonzalez, 2008).  As a result, the 

setting for this dissertation study was purposefully set in a transitional bilingual 

elementary classroom(Ovando & Collier, 1985). Many of the questions that persist for 

helping teachers of ELL students are the same as those for monolingual teachers in 

regards to teaching from learning. The limited numbers of studies available continue to 

highlight the need to understand how teacher concerns about language of instruction and 

testing policies may play a more decisive role in ELL classrooms.  Although not the main 

focus of this study, understanding how and what bilingual teachers notice in regards to 

language acquisition and the mathematical learning of ELL students can add to the non-

deficit view of the richness of ELL classrooms. 

 

OVERVIEW OF STUDY 

To investigate teacher noticing when teachers are presented with opportunities to 

learn about children’s mathematical thinking, I designed a semester-long teacher study 

group involving three third-grade bilingual teachers. The purpose of the study group was 

to analyze teacher’s attempts at engaging a small group of English language third graders 

in problem solving. The three elementary bilingual teachers taught an at elementary 

school where 59% of the students were classified as “limited English proficient” and 95% 

were eligible for the free lunch program. Each teacher selected five students, from their 

classrooms, of varying mathematical levels and English language proficiencies to work 
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with throughout the study. Teachers met with their small group of students once a week 

for ten weeks working on two problem-solving tasks that I wrote. The focus of the small 

group was to learn about students’ mathematical understandings through the strategies 

used and attempt a discussion with the students on connections between the strategies. 

Four of the small group sessions were videotaped for each teacher. The three teachers and 

I then met five times as a teacher study group over the ten week period in a teacher study 

group to view videotape of the small group sessions and discuss challenges, share 

insights, and prepare for the following round of small group sessions. The artifacts of 

practice were thus student work, transcripts and video of the small group sessions. The 

teachers were given pre and post interviews and the students were given a problem 

solving assessment and a post interview. 

 

RESEARCH QUESTIONS 

At the heart of this study is the goal of understanding teachers, and the 

frameworks with which they operate as they reflect on understanding children’s 

mathematical thinking, in order to continue to support them as they educate children.  My 

initial goal was to observe and document teachers’ discussions of mathematical 

strategies. However, in pre-study observations and conversations with the study teachers 

it became clear that the teachers had difficulties in seeing student’s individual strategies 

and the mathematics inherent within them, thus requiring a change in focus.  Instead, I 

decided to focus on what teachers noticed about children’s individual strategies and work 

up to a focus on discussion.  Noticing can be a powerful construct which allows us an 

opportunity to develop a framework such as the one that Cooney (2001) called for in 

which the goal is to begin where the teacher is. If we begin where the teacher is by 
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understanding how they “make sense of their worlds” we will better be able to support 

them in their work with children. With that goal in mind, the questions of this study have 

been refined as follows: 

 

1.What do teachers notice about engaging children in problem solving in small 

groups?  

 

2. What do teachers notice about their children’s English language acquisition and 

the learning of mathematics when facilitating small group discussions as they 

engage children in discussions of problem solving? 

 

This study provides an opportunity to address the questions that Franke et al. 

(1998) posed over ten years ago: “The critical questions become how can professional 

development foster this learning process; and how do different teachers, involved in 

different professional development opportunities, accomplish self-sustaining, generative 

change”. (p. 68)  Noticing is a useful construct in understanding what teachers identify 

and respond to in their work with children.  If we are to change the way in which teachers 

engage with children in problem solving we must first understand what teachers notice 

about children engaging in problem solving.  
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Chapter 2  

INTRODUCTION 

Over the past six years, I have shown many undergraduates and graduate students, 

who are preparing to be elementary teachers, a lot of video of mathematics classroom 

situations. There is one particular video, an example of a CGI teacher, Ms. Annie Keith, 

facilitating a small group of students as they solve two Join Change Unknown problems, 

that I find particularly useful to highlight the teaching moves of an experienced 

mathematics teacher. Ms. Keith is working with four children, of various mathematical 

levels, two of whom have trouble with the first problem and do not solve it.  Ms. Keith 

has the other two students share their strategies for the first problem and then the students 

go on to solve the second problem.  I find fascinating, every semester, the differences in 

what my students observe and pay attention to, and the ways in which they interpret the 

teaching situation. Some note that two children, who did not solve the first problem, 

never got asked to solve the first problem to completion and are unsettled by this.  Others 

note that the teacher was rather directive with one of the students, who solved the 

problem with a counting strategy, as she helped the student record their counting 

sequence in their notebook. And others are able to not only retell all four strategies that 

the last student used to solve the problem, but offer an interpretation about the student’s 

number sense.  The future teachers are all noticing different aspects of the problem 

solving being shown on the video, perhaps not recognizing that the decisions Ms. Keiths 

makes, and the questions she asks her students, are also based on what she is noticing 

about her student’s mathematical thinking.  

The decisions that teachers make throughout a lesson or throughout a day are 

based on what they “notice”. Noticing, something that all humans do either consciously 

or unconsciously has gained interest in the field of mathematics education as a way to 
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deconstruct the complex decisions and reasoning teachers use when teaching 

mathematics. 

Noticing, for purposes of this dissertation, is defined as a two-part process: 

“Attending to particular events in an instructional setting and making sense of events in 

an instructional setting” (Sherin et al., 2011, p. 5). It is often be the case that whatever 

teachers are attuned to is also what they react to. For example, consider Kennedy’s 

(2005) finding that teachers who are attuned to classroom management issues in 

discussions will often call out students who have the potential to disrupt order. These 

findings are similar to the reasons Level 1 and Level 2 teachers often gave in the  follow 

up study of CGI “teacher’s generative change” (Franke, et al., 2001).  I contend that these 

teachers’ concerns, such as time management and not feeling the flexibility to focus on 

children’s mathematical thinking, influenced what they noticed as students engaged in 

problem solving.  Since the focus was not on children’s mathematical understanding, 

tangential concerns influenced teacher decisions about mathematics teaching.  Therefore, 

I view noticing as a valuable construct in understanding both what teachers are attuned 

to, and how they make sense of and react to what they notice while engaging children in 

problem solving. 

The following chapter details the characteristics of noticing, why it is relevant to 

engaging children in problem solving, relevant studies about noticing that have informed 

this dissertation, and what we know about bilingual teachers notice.  

 

CHARACTERISTICS OF NOTICING 

The literature has just started to reflect the use of the construct of noticing as a 

goal of research (Sherin et al., 2011).  There are four characteristics of noticing that can 
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be of further use to understand the complex decision making that teachers make. They 

include: (a) noticing is something everyone does, (b) experience can affect noticing, (c) 

teachers often respond to what they notice, and (d) what a teacher notices can be 

redirected.  The following section provides examples from literature that provide deeper 

understanding of the construct of noticing.   

 Everybody notices (Mason, 2002). But nobody notices everything at once or even 

in the same ways as others. People use their senses to filter the environment around them 

and thus limit what one thing they focus on at a given moment.  The same could be said 

for what occurs in a classroom.  Erickson’s (2011) research in the early 60s and 70s 

began with a wondering of teacher’s cognition, or of teacher’s thinking, which then led to 

studies that examined what teachers noticed in the day to day context of their teaching.  

Erikson characterized teachers’ attention as active, yet still doing some filtering. Filtering 

is necessary as no one can notice everything around him or her at once. Eventually 

certain sensations or occurrences fall out of attention.  What teachers’ notice occurring in 

their classrooms, however, and the differences between what teachers notice and what 

they filter out, is just beginning to be studied. In the case of mathematics teaching, studies 

have been evolving for the past decade or so that focus on understanding teachers’ 

noticing in the mathematics classroom(Breyfogle, 2005; Crespo, 2006; Sherin et al., 

2011; van Es & Sherin, 2002).  

A second characteristic of noticing is that experience can affect what is noticed.  

In his studies about teacher noticing, Erickson(2011) found that experience in teaching 

made the difference between more experienced teachers who had developed a sense of 

“yearliness” about the school year and seemed to understand children’s learning as 

cyclical and developing over time, whereas novice teachers seemed focused on 

immediate indications of student’s knowledge in more fragmented ways.  Dewey(1958) 
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described this as a sort of sensory overload, in which maturity is what limits the amount 

of information that is filtered through.  Philipp and colleagues (2012) study of 

professional noticing by elementary teachers found stark differences between prospective 

teachers and practicing teachers and the depth of the level of detail that they expressed in 

describing children’s mathematical strategies and subsequent analysis of children’s 

mathematical thinking.  Jacobs and colleagues (2010; 2011) began to categorize how 

teachers responded to children’s mathematical thinking on a scale of robustness. By 

scoring teachers’ responses to video observations of a child’s problem solving, the 

researchers noted both in-depth thought out responses that were founded in children’s 

mathematical thinking as well as general remarks that did not seem to take into account 

the mathematical thinking on display. The difference in robustness was attributed to 

experience and exposure to professional development, which specifically focused on 

children’s mathematical thinking.  

A third characteristic of noticing is that teachers often respond to what they 

notice.  Thus, in order to understand the decisions that teachers make in the classroom, it 

will be helpful to first understand what teachers notice.  Breyfogle (2005) worked with 

one secondary mathematics teacher for a year and focused on the teacher’s reflections of 

classroom video. The goal of watching videos was to understand and expand on the 

classroom mathematical discussion.  Expanding on mathematical discussion requires a 

focus on children’s mathematical thinking. If a teacher does not focus on children’s 

mathematical thinking it follows that mathematical discussions will not be expanded in 

the classroom.   About once a week the teacher’s whole group instruction was videotaped 

and then used for a reflection session with the researcher.  Using Guskey’s model of 

teacher change (2002), Breyfogle describes four “states” of teacher reflection that were 

observed through the reflection sessions about what occurred during discussion, or in 
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other words what the teacher noticed about discussion: “explain but not question”, 

“question but not explain”, “question and explore”, and “exploring”. These four 

categories were representative of the reflections that the teacher had based on what was 

observed in the video.   The author noted that while the teacher could be “defensive” 

when viewing video and reflecting for the first three stages, it was the “exploring” state 

that seemed to provide the most impetus for exploration in the next teaching session.  The 

teacher would ponder what had happened and make a decision to try something new the 

next time around.  So a connection could be made between what the teacher was noticing 

and how she decided to respond to it in the future.  However, the author also noted that 

there is still an unknown relationship between teaching and reflecting that influences 

which “state” the teacher reflects in. Breyfogle hypothesized that perhaps working with a 

small group of teachers, where teachers could “prompt and build on one another’s 

thinking” could help illuminate the relationship further.  

In Kazemi & Franke’s (2004) study with ten elementary teachers who met over 

the course of the year, teachers brought student work for the same problem types to 

teacher work groups. The focus of the study was not whether student work provided 

opportunities to understand their students’ thinking, that was a given product of the study, 

but instead to attempt to understand how working with a group of teachers, i.e., learning 

as participation, was evident both in the ways in which teachers began to understand 

student thinking and in the practices that teachers used in their classrooms.  Although not 

using the term noticing explicitly, the study revealed what teachers noticed about student 

work and the consequences for classroom instruction.  The authors noted that there were 

“shifts” in teachers’ participation throughout the study, in which some teachers struggled 

with knowing how to elicit student’s thinking and yet others were able to productively 

experiment with the problems they gave to their class.  Researchers also noted that 
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teachers learned to “attend” to details of student’s strategies, a goal of engaging in 

problem solving, and reflect upon a longer trajectory of what student’s strategies 

reflected about their knowledge. Thus, what teachers were noticing about children’s 

mathematical thinking was what they began to respond to.  The characteristic of teachers 

responding to what they notice is important for this dissertation as it can help to build the 

documentation towards a framework of what specifically teachers may be noticing as 

they engage children in problem solving.  If we can begin to understand what is being 

noticed, and whether it is connected to children’s mathematical thinking, then we may 

better understand how to help teachers attend to children’s mathematical thinking. 

The fourth characteristic of noticing is that what is one notices can be redirected. 

Jacobs, et al.’s (2010) study further concluded that teachers’ reasoning about children’s 

thinking, which is based on what they notice, is also something that develops over time. 

At the core of much of the recent noticing research is both documenting what teachers 

notice and using some sort of professional development experience to change the focus of 

what teachers notice and the ways in which they respond to what they notice.  Video and 

transcripts of teachers’ whole group classroom discussion was the focal point of a “video 

club” formed with 10 fourth and fifth grade teachers in van Es and Sherin (2008) year 

long study. Using a “noticing” framework they had previously developed, these 

researchers were interested in understanding the development of teacher noticing in 

video-based professional development. The teachers, who met twice a month to view 

video and transcripts selected by the researcher, were found to begin to comment more 

and more on the student’s mathematical thinking over the course of the study, suggesting 

that what they noticed changed over the course of the study.  Further analysis of the types 

of comments the teachers made about classroom interactions were noted to take three 

“paths” with varying awareness of the different factors viewed on the videos and 
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classification as “broad” or “narrow vision”.  In trying to understand the different paths 

that the teachers took in what they noticed, van Es & Sherin noted that the videos in 

which student’s mathematical thinking was portrayed through student sharing, and 

teacher probing of student ideas, seemed to provide opportunities for the teachers to have 

a change in noticing.  But this did not seem to affect all the teachers in the same way, 

leading the researchers to also note that years of teaching experience seemed to make a 

difference in the noticing path that teachers would take.  This connects back to the second 

characteristic of noticing, that experience can affect what is noticed.  

Besides being the one of the first times I came across “noticing” as a construct, 

the van Es & Sherin (2008) study both highlighted the need for teachers to reflect 

together, and to reflect with a specific mathematics focus. The noticing framework 

allowed the authors to focus on what seemed to be productive for teachers to further 

analyze. This study made it clear that video can be used successfully to help teachers 

notice their student’s mathematical thinking.  An unanswered question is about the 

teacher’s students and potential EL students as part of the videos watched.  How would 

teachers noticed differ if they were working with EL students? 

These four characteristics of noticing underline why it is an important construct in 

understanding the complexity of what teachers attend to in their mathematics classroom 

and how it could affect the decisions they then make. I also posit that noticing is a useful 

construct to understand teachers’ focus and attention as they engage children in problem 

solving.  Problem solving is agreed to be how children best come to understand 

mathematics concepts. The difference, however, between what research poses as the most 

effective ways for children to learn and engage with mathematics is often starkly 

different from what occurs in many classrooms.  In order to build a bridge between 

research and the actual experiences of teachers, it is important to first develop a 
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framework for understanding engagement in problem solving though the “eyes” of the 

teacher.  As Sherin et al. (2011) state “Where do teachers look, what do they see, and 

what sense do they make of what they see?(p. 3)” If the research community is to address 

the realities of the typical classroom teacher, it is important to first understand what 

teachers notice about engaging children in problem solving in order to address many of 

the documented challenges as noted in the rationale.  Thus, as we begin to understand 

what teachers notice, and perhaps even why, instead of just focusing on helping teachers 

act, as van Es and Sherin (2002) claim most research does, we can begin to focus on how 

to best help teachers interpret, reason  and then act on classroom interactions.   

 

RELEVANCE OF NOTICING TO ENGAGING CHILDREN IN PROBLEM SOLVING 

With the consensus of major educational research on what it means to know and 

learn mathematics(NCTM, 2000; NRC, 2001), a focus emerged in the last twenty plus 

years on the key role of problem solving in the mathematics classroom (Cobb, Wood, & 

Yackel, 1993; Goos, 2004; Lampert, 1998; NCTM, 2000; O'Connor & Michaels, 1996). 

Students should be involved in engaging mathematics lessons where they are expected to 

reason, share strategies, listen to and understand each other’s strategies, and build 

mathematical understanding by engaging in problem solving (Hiebert, et al., 1997; NRC, 

2001; Hufferd-Ackles, et al., 2004; Pierson, et al., 2007).  This challenging request has 

created a demand for effective mathematics instruction (Philipp et al., 2012) and 

“ambitious” mathematics teaching(Lampert et al., 2010).  

Whereas “engaging children in problem solving” could be defined in broad terms, 

it is helpful to define it from the teacher’s perspective as a “routine of practice” (Lampert 

et al., 2010). A routine could be described as a “socially shared” procedure that helps the 
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teacher make a complex task manageable (Lampert et al., 2010; Leinhardt & Steele, 

2005).  A routine of practice, centered on problem solving, is an instructional activity that 

has three specific phases(Stein et al., 2008).  The teacher selects a meaningful task for 

students to solve that reflects understanding of how children’s mathematical thinking 

develops (Lampert & Cobb, 2003).  The teacher launches the task (Lampert, 2001), sets 

the expectations for what students are to do, and then the children have an opportunity to 

work on the problem individually or in pairs. Next, the teacher facilitates a discussion in 

which particular student strategies are shared.  Decisions need to be made about which 

student strategies should be shared, when and why to ask questions about strategies, and 

knowing when to step back and allow students to direct the flow of discussion (Hiebert et 

al., 1997; Hufferd-Ackles, Fuson, & Sherin, 2004; NRC, 2001). Teachers’ questioning in 

these routines of practice is important due to the many possible purposes for questioning, 

including clarifying mathematical ideas.  

Stein et al. (2008) noted that teachers’ first attempts at this form of engaging in 

problem solving were often superficial and not useful in promoting children’s 

mathematical understandings.  This “first generation” of teaching attempts resulted in 

exchanges between the teacher and one student, rather than discussions with the whole 

class, and as teachers would often randomly select students to share their strategies, with 

no apparent larger purpose other than to present a variety of strategies to solve a problem. 

There was often no mathematical connection between strategies shared, nor were there 

discussions of efficiency or usefulness of the strategies. Hufferd-Ackles et al. (2004) 

posited that: "the prospect of creating such a community is daunting to many teachers; 

they often do not know where to begin to created the kind of discourse practices 

described [by NCTM]." (pg. 81).  In addition, Nathan and Knuth (2003) charged that 

teachers’ experiences and educational backgrounds are very different for facilitating 
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engagement in problem solving as defined here, and something teachers are not 

accustomed to.  Thus teachers are asked to participate in a teaching practice with which 

they have little experience and the result is many interpretations of what it means to 

engage in problem solving. For example, discussions about student strategies or student 

thinking appear to be just a report of ideas with no connections to extending students’ 

mathematical understanding or attention to the mathematics inherent in the strategies 

shared. Thus the reason for engaging in problem solving is neglected.   

Then, if some teachers do ask their students to both present their strategies and 

then explain their reasoning, which is different than just asking student to report on their 

strategies, there still may be no connection with why certain mathematical strategies 

merit being discussed with students. Just because a teacher makes sure to ask a student 

“Why did you do that?” or “How did you do that?”, it does not necessarily mean that a 

teacher is sure what comes next based on students’ responses, or lack of student 

responses (Pierson Bishop, Maldonado, & Pierson, 2007).  In my work with CGI teachers 

in Arkansas, we spend much time talking about this point. A novice CGI teacher could 

understand children’s problem type difficulties, could begin to understand a framework 

for children’s mathematical thinking, and could begin to follow the routines of practice 

for mathematical problem solving and expect that children share their mathematical 

thinking in discussion. Yet what the teacher notices about engaging children in problem 

solving may determine the extent of the rich mathematical ideas discussed in the 

mathematics class and often discussions of problem solving initially miss out on 

connecting to deeper mathematical understandings. Stein et al. (2008) proposed that these 

missed opportunities were due in part to the lack of detail that research provide as to how 

and why teachers could engage children in problem solving. 
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So then Stein et al. (2008) focused on the goal of conducting “second generation”  

research with the goal of “seeking to identify ways in which teachers can effectively 

guide whole-class discussions of student-generated work toward important and 

worthwhile disciplinary ideas” (pg. 319).  They go on to pose five practices to help 

teachers facilitate productive mathematical discussions. Among these practices is 

anticipating what students might do, and selecting and sequencing student strategies for 

discussion, both key steps in successfully engaging children in problem solving. These 

practices could be compared to the work of Chapin, O'Connor, and Anderson (2003) and 

the productive “talk moves” they encourage teachers to enact in order to direct the flow 

of engagement. Practices such as revoicing a student’s strategy so that all students can 

understand it, asking students to restate another student’s strategy or reasoning, or using 

wait time to give students time to respond after a question is asked or merely prompting 

students for participation in the discussion, were pointed to as key teacher moves to 

support mathematical thinking and learning.  Together the suggestions provided by this 

research could help teachers engage students in problem solving in more meaningful 

ways.  

However a question still remains. “Second generation” suggestions from Stein et 

al. (2008) require a teacher begin to “attend” to the mathematical ideas that students 

produce, not just the correctness of answers.  Thus what a teacher notices becomes 

important. There is also a level of interpretation in understanding children’s mathematical 

thinking that occurs when teachers follow these suggestions. Teachers’ interpretations 

still bear investigating.  Doerr (2006) put it this way: 

It is not enough to see what it is that a teacher does in particular settings.  We also 
need to understand how the teacher interprets the salient features of an event, 
integrates those interpretations with past experiences, anticipates actions and 
consequences, and makes subsequent interpretations. (p. 5) 
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Doerr (2006) is essentially referring to what teachers notice, or what teachers 

attend to in children’s mathematical thinking, and then act on in order to engage students 

in problem solving. Thus, whether encouraging “first generation” research practices, 

which were deemed largely unsuccessful, or then enacting the “second generation” 

research practices suggested for engaging students in productive mathematical 

discussions, there remains a question of how teachers interpret and make sense of what 

occurs when they engage students in problem solving. With the conversation of “first” 

versus “second”, there is more direction towards specificity in what we would like 

teachers to be able to do.  However, the dilemma still remains on understanding what 

teachers are noticing in the first place when engaging children in problem solving.  

Noticing is relevant to engaging children in problem solving in that teachers are 

now being asked to “notice” specific underlying mathematical ideas, such as useful 

details and connections to deeper mathematical ideas,  in their students’ strategies. If we 

would like to help the “second” generation teachers better understand how to anticipate 

student responses in order to select and sequence students’ ideas while using talk moves 

to facilitate productive mathematical discussions, we need to first understand what they 

already notice. 

 

Example of Anita’s Problem Solving – What do you notice? 

At this point I’ll introduce an example of a student engaging in problem solving in 

order to help further define several aspects of mathematical teacher noticing. Anita, a first 

grader, is given the following problem during a clinical interview (Ginsburg, 1997) in 

which she is asked many of the same questions from the original CGI kindergarten study 
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(Carpenter et al., 1989).  The following Join Change Unknown problem is read aloud to 

Anita: 

 
Carla has 7 dollars. How many more dollars does she have to earn so that she will 

have 11 dollars to buy a puppy? 
 

Anita reaches for paper and marker. She draws a rectangle and adds diagonal lines 

to each of the four inside corners of the rectangle, thus representing a dollar bill. She 

draws a row of three dollars and a row of four dollars beneath. (Figure 2.1) It takes her 

about a minute and a half to draw the dollars.  She puts the marker down and then 

wiggles four fingers of her left hand twice while mumbling to herself. (Figure 2.2) She 

says “Four”. She is asked, “ How did you figure out four?”  Anita answers, “Um. By 

using, my fingers.” The interviewer asks, “What did you do with your fingers?” Anita 

answers, “I got five fingers and said 7, 8, 9, 10, 11”. (While she counts from 8 on, she 

touches one finger at a time from her left hand.) The interviewer asks, “Then how did you 

know it was four? How did you know the answer was four?” After a pause, Anita 

answers, “Because um, there were 7 there, (points to her drawing), and I went ‘1,2,3,4’ 

(again touching one finger at a time from her left hand). [Pause]. Then I took my thumb 

down.” 

Anita was able to solve this problem correctly. For many teachers Anita’s correct 

answer would be sufficient (Doerr, 2006; Jacobs et al., 2010; Stein et al., 2008).  Anita 

was further questioned about how she came up with her answer.  Anita is able to recount 

the use of her fingers to figure out the need for four additional fingers. But teachers need 

to move away from the idea that problem solving is mainly about correctness and/or 

speed of answers. Engaging children in problem solving can be a rich experience in 

which children are asked to justify, reflect and discuss their mathematical thinking. In  
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Figure 2.1. Anita’s drawing 

  

 

Figure 2.2 Anita using fingers to count 
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order to fully understand this notion, we need to interpret this episode with Anita a little 

differently. So what we notice begins to change. What does a teacher notice about how 

Anita started to problem solve? The tools used? What is important to understand about 

Anita’s strategy that will allow understanding of her mathematical thinking? What do we 

learn about Anita’s mathematical thinking that helps us understand what questions to ask 

her next? The details of Anita’s strategy, the interpretation of how the strategy reflects 

Anita’s mathematical thinking, and the decision on what to do next are thus connected.  

The example of Anita’s problem solving strategy is going to be used as an example to 

further understand different conceptions and ways to study mathematics teacher noticing.  

 

MATHEMATICS TEACHER NOTICING – THREE CONCEPTUALIZATIONS 

With the recent interest in mathematics teacher noticing (Sherin et al., 2011) 

research has defined mathematics teacher noticing in three different ways. Sherin and 

Star (2011) best explain these three approaches as: (a) focusing solely on when teachers 

notice important occurrences, (b) focusing on all the occurrences that teachers notice 

within a mathematics class by what they verbalize about it, and finally (c) focusing on 

what teachers notice within a mathematics classroom and use it to measure what teachers 

understand about teaching and learning in mathematics classroom.  The three definitions 

will be further elaborated next, followed by the definition of noticing used in this study.   

The first approach to teacher noticing entails studying instances in which teachers 

notice a few aspects that “stand out” from everything that happens in the mathematics 

class.  This has been found hard to use in all definitions of noticing as it may be hard to 

distinguish between a “noticing event” as something that stands out for teachers beyond 

the ordinary classroom events.  This conceptualization has not been studied as much, and 
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may be seen in works in which teachers call out what is interesting to them (Junk, 2005; 

Webb et al., 2005). Junk’s (2005) study illuminated that which seemed problematic to a 

group of teachers about teaching fractions to students through a reform curricula. It was 

often instances in which the teachers did not understand a student’s strategy or thinking 

that would be what was recalled in reflection.  I see a further example in the work of 

Kennedy (2005).  Kennedy observed that teachers are more focused on maintaining order 

in a class than following suggested reform practices. For example, teachers may be more 

focused on classroom management than inclusive discussions and call on potentially 

disruptive students as a means to prevent or stop bad behavior. Likewise, what a teacher 

seems to notice in the classroom may not be of mathematical importance and be more 

focused on, for example, seemingly surface level concerns of perceived student 

participation in mathematical discussions. In terms of thinking about the example of 

Anita, a teacher may not notice what Anita did was noteworthy, and thus not mention it at 

all.  It would requiring knowing all that happened during the problem solving interview 

with Anita, and if a teacher noticed that Anita solved a particularly hard multistep 

problem, which seemed really important, then it would make  it into the noticing 

research. 

The second approach to understanding mathematics teacher noticing is based 

largely on the work of van Es & Sherin and involves documenting everything that 

teachers notice in a mathematics class in order to develop a framework for teacher 

mathematics noticing (van Es, 2011; van Es & Sherin, 2002, 2008).  Essentially, these 

studies serve as an understanding of the initial filters and interpretations that teachers 

have as they notice mathematics classrooms. Hiebert et al. (1997) clarifies this 

conceptualization by pointing out that teachers’ expectations and their knowledge 

influence how teachers perceive events that take place in their classrooms. van Es & 
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Sherin (2002) first began to conceptualize noticing in the mathematics classroom as 

teachers identifying what is important in a teaching situation as well. But then studies led 

to comparing what teachers notice about a situation and making connections between 

specific professional development events that can lead to evolving what teachers notice.  

Their analysis of teacher video clubs has provided a view of teacher noticing as 

something that is not static, can be directed through video and reflection, and varies from 

teacher to teacher.  Teachers viewed video clubs of mathematics classes from their 

schools. The researchers noted what kind of comments or discussions were made about 

the video and if the focus was the students, the teacher, or the curriculum. Also, they kept 

track as to whether the comments were about the mathematical thinking, the pedagogy, 

climate, management, or something else. The teachers’ “visions” were defined as either 

broad or narrow depending on the range of comments that were made. The earlier van Es 

& Sherin learning to notice studies would focus on the possibility of teachers changing 

what they noticed over time.  For these initial studies, which again were over general 

mathematics classes, and not necessarily on problem solving as previously defined, we 

have learned what teachers may initially notice and how they may interpret what they 

notice. In our example of Anita’s problem solving thinking, perhaps a teacher would have 

narrow vision if they can simply note that Anita took a long time to draw a picture and 

used her fingers to get the answer. The vision may become broad once other factors are 

taken into consideration such as wondering about the need to draw seven dollars, and the 

importance of not going back to count the seven dollars in order to count up to eleven to 

get the final answer. van Es (2011) posited that a focus on noticing about a student’s 

thinking is important given the demands on mathematics teachers today. Thus the subtle 

shift in studies towards the final conceptualization of noticing. 
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The third approach to understanding teacher noticing, and the approach taken for 

this study, entails focusing on what teachers notice within a mathematics classroom and 

using those noticings to measure understanding of what occurs in a mathematics 

classroom.  This definition goes back to trying to understand the differences in how 

teachers engage children in problem solving.  Sherin & Star (2011) view this third 

conceptualization of noticing (which they claim very few researchers have accomplished) 

as one that allows researchers to begin to understand the features of teacher reasoning.  

They claim that research that falls under the first two definitions, which is mostly based 

on documenting what teachers verbalize, is a passive noticing and does not provide 

reasons for why teachers noted what they did.  Although they do not make an explicit 

connection to Jacobs et al. (2010) work, I believe such a connection exists due to the 

nature of recognizing the interconnectedness of noticing, reasoning and responding. Since 

all teachers notice, the differences in what teachers notice affect what they chose to focus 

and act upon in the mathematics classroom. This was part of the difficulties in enacting 

“first generation” of research suggestions (NCTM, 2000; NRC, 2001). There was a focus 

on what expert teachers would and could do to successfully engage children in problem 

solving, without really expanding on understanding why they could engage children 

successfully in problem solving.  

Jacobs et al. (2010) have defined the construct of professional noticing of 

children’s mathematical thinking as a means to better understanding the subtle ways in 

which teachers notice when children engage in problem solving, and that are thus related 

to the important understandings teachers have about children’s mathematical thinking. 

This conceptualization encompasses the previous approaches, in terms of recognizing 

noticing as both what teachers consider noteworthy and how they interpret those 

noteworthy episodes, but takes a deeper look at one aspect of the mathematical classroom 
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that was not the sole focus before: understanding how it all connects children’s 

mathematical thinking.  Also, by focusing in on what teachers notice about children’s 

mathematical thinking, another aspect that emerges about teachers’ noticing is the 

connection between what is noticed and how teachers reason and respond to what is 

noticed. This work continues to build on the Cognitively Guided Instruction (Carpenter et 

al., 1999; Carpenter et al., 1989; Fennema et al., 1996) studies, which provide a powerful 

framework for understanding children’s mathematical thinking as a means engaging 

children in problem solving. As mentioned in the rational, there are different levels to 

how teachers understand the framework of children’s mathematical thinking, and use 

what they know about children’s mathematical thinking to push and extend children’s 

mathematical thinking (Franke et al., 2001).  The difference in levels of teachers could be 

reframed to understanding the differences in how teacher engage students in problem 

solving. In other words, what teachers know and understand about children’s 

mathematical thinking and how they enact problem solving in the classroom is related to 

what they notice.  This construct is further defined next.  

 

Professional Noticing of Children’s Mathematical Thinking 

The construct of professional noticing of children’s mathematical thinking is 

based on comparing what novice and expert teachers observed by watching a video clip 

of mathematics teaching and reasoning about an individual child’s solution to a problem 

and stating what they would do next if that child was their student (Jacobs, Lamb, 

Philipp, Schappelle, & Burke, 2007).  It became clear that not only was there a difference 

between novice and experts in what they noticed, there were specific themes of noticing 

that explained understanding of the frameworks of understanding children’s 
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mathematical thinking.  There are three connected skills of noticing which Jacobs et al. 

(2010) have defined and will be used as the construct of noticing for this study: 1) 

attending to children’s strategies, 2) interpreting children’s mathematical understandings 

and 3) deciding how to respond on the basis of children’s understandings. 

Attending to children’s strategies: What is it that teachers feel they need to pay 

attention to while they are engaging children in problem solving? Jacob et al. (2010) note 

that it is important to be able to describe student’s strategies with detail as they provide 

insight into children’s mathematical understanding.  The details of a student’s strategies 

are important to understanding children’s mathematical thinking (Carpenter et al., 1999; 

Carpenter et al., 1989; Fennema et al., 1996).  Some of what teachers attend to will not be 

about the children’s mathematical thinking, so the focus will be to find instances in which 

teachers are able to recall or describe student’s mathematical strategies.  Alternately, 

since the teachers in this study also gathered to watch video of the problem solving 

groups, it allowed an “in the moment” opportunity for me to observe what teachers 

attended to for a particular interaction or video segment. Determining which interactions 

of engaging children in problem solving teachers gravitated towards in the teacher study 

group, will illuminate the role of children’s mathematical thinking in these teachers’ 

interpretations of engaging children in problem solving. 

 

Interpreting Children’s Mathematical Understandings: Hand in hand with 

attending to the details of a child’s strategy is the skill of interpreting children’s thinking 

as revealed through the child’s strategy.  How do the ways in which teachers interpret 

children’s mathematical understanding give teachers insight into what the children 

understand? This noticing skill can be interpreted revealing how teachers make sense of 

and reason about what they see. Are teachers’ interpretations based on what student’s 
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have said and done to solve problems, or are the interpretations based on other factors 

and if so, what are those factors?   

 

Deciding how to Respond to Children’s Mathematical Understandings: Finally, 

how does the teacher reason about what they noticed about children’s mathematical 

thinking use it to respond (or not) to what they noticed? This skill is not necessarily just 

an actual action, but also the intent to respond. Teachers may respond in the moment of 

engaging children in problem solving or they may choose how to respond in future 

interactions of engaging children in problem solving.  Also, to what extent is what a 

teacher decides to respond connected to using both the child’s mathematical 

understanding and the larger framework of research on children’s mathematical thinking?  

Jacobs et al. (2010) also added different levels to what teachers notice, much like 

van Es & Sherin (2008) categorized teacher’s statements as having “broad” or “narrow” 

vision.  However, the focus on children’s mathematical thinking can help attune to the 

level that a teacher is enacting knowledge of children’s mathematical thinking. Jacobs et 

al. (2010) further characterize attending noticings as having lack of evidence or evidence 

in the way details are provided about children’s strategies. This distinction is key to 

understanding the differences in teachers and the ways they notice.  The also characterize 

interpreting and deciding to respond with three levels of evidence: lack of evidence, 

limited evidence, and robust evidence.  These levels further delineate the extent to which 

teachers use the knowledge base of children’s mathematical thinking (Carpenter et al., 

1989).  
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Back to Anita 

To better understand the facets of teacher noticing, let us go back to the example 

of Anita and the puppy problem posed at the beginning of this chapter.  Anita solved 

many of the problems given to her in this clinical interview through direct modeling 

strategies. In other words, she used fingers, cubes or drawings to represent all the objects 

in the problems and usually followed the action implied in each problem. We can identify 

that Anita used a direct modeling strategy for this problem in that she drew out the initial 

seven dollars and then counted on to figure out how many more dollars were needed.   In 

describing what Anita did we might recount how after drawing the first seven dollars, she 

did go back to count what she drew as she transitioned to counting on her fingers. She did 

not go back and individually count the drawn dollars but simply counted on with her 

fingers. We could interpret this to mean that perhaps Anita did not really need to draw 

(with such painstakingly detail we might add) the first seven dollars and perhaps could 

have used a more efficient strategy of just “holding” the seven in her head and continuing 

the count on her fingers.  If we understand the connections between problem structures 

and children’s strategies, and then realize that Anita solved this join change unknown 

problem with a strategy that seemed to be a transitional, then we can start deciding to 

respond to what we noticed.  Perhaps next time we will ask Anita to solve a compare 

problem and see if she uses a similar strategy with a problem type in which the action in 

the problem is not so implicit. Perhaps we will partner her with a student who is using a 

more efficient counting strategy for this problem type and make sure to have a discussion 

with the students about similarities and differences between their strategies in order to see 

if the opportunity arises to ask Anita if she really needed to draw out the first seven 

dollars in order to solve this problem. The ideas of what to do or ask next have come 

about based on what was noticed about Anita’s mathematical thinking in the first place. If 
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Anita were in a small group, or in a whole group, part of the noticing framework could 

also be used to decide which aspects of Anita’s thinking are relevant and productive for 

the discussion of student strategies.  

 

Summary 

The literature on teacher noticing in the mathematics classroom appears to be 

deeper and deeper levels of understanding teacher noticing and its relevance to 

mathematics teaching and learning. Ultimately, all of the definitions, whether focusing on 

teacher call outs, documenting everything teachers notice, or comparing what teachers 

noticing to a larger understanding of children’s mathematical thinking, start to 

deconstruct the complexity of teaching mathematics. The attention and reasoning for 

what teachers notice is simply becoming finer and finer.  For purposes of this study, 

using professional noticing of children’s mathematical thinking will be the most useful 

construct of noticing for this study.   This reasoning is explained next. 

 

TEACHER NOTICING AND ENGAGING A SMALL GROUP OF CHILDREN IN PROBLEM 
SOLVING 

 The construct of professional noticing of children’s mathematical thinking 

provides a way to decipher levels in the ways teachers notice children’s mathematical 

thinking.  What are still missing are the details of what teachers notice as they engage 

children in problem solving.  Engaging children in problem solving, which has been 

detailed above, requires complex noticing and decision making in order to attain the level 

of mathematical teaching and learning as called for by reform research (NCTM, 2000; 

NRC, 2001).  When teachers teach, they are noticing. What they notice gives insight to 
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their understanding of children’s mathematical thinking.  What they notice can also affect 

what they respond to and the decisions about what to do next.   I posit that noticing what 

is happening in a video, or noticing a child’s strategy on paper is different that noticing 

when in the complex act of teaching.  A goal of this study is to further understand 

noticing within the complexities of engaging a small group of children in problem 

solving. 

  In the routines of practice for problem solving described earlier, the three 

noticing skills could probably be best viewed reiterating within each of the routines of 

practice (Figure 2.3). Teachers could be attending to children’s strategies, interpreting 

children’s mathematical understandings and responding to children’s mathematical 

thinking all while launching a task, observing children’s problem solving, and facilitating 

a discussion about children’s strategies. Teacher noticing will affect how teachers 

respond and ask questions to their students, decisions about who should share their 

strategies, and how to begin to facilitate the discussion. This cycle could also possibly 

impact the nature of the task itself or at the very least, lead to an assessment of the task 

itself. The noticing framework is larger than the routine of practice because noticing is 

something that occurs all the time.  Additionally, specific concerns related to engaging 

English Learners in problem solving may affect the ways in which teachers attend, 

interpret and respond to throughout the cycle.   

It is important to note that this framework for noticing is different from Jacob’s 

work as they only looked at one on one situations whereas I am proposing to look at 

teacher noticing of a small group of students. What we already know about this cycle is 

that experience and knowledge of children’s thinking affect the outcome of the cycle. In 

other words, research has shown that experienced teachers are able to better engage 

children in problem solving because they are attuned to the research base of children’s  
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Figure 2.3 Noticing while Engaging In Problem Solving 

mathematical thinking (Philipp et al., 2012).  However, novice teachers, who don’t focus 

on the same things as expert teachers when engaging children in problem solving are still 

noticing something when engaging children in problem solving. If we can document what 

“novice” teachers notice while engaging children in problem solving, then we can begin 

to build a framework teacher noticing of engaging children in problem solving.  Much 

like the framework for understanding children’s thinking has helped teachers extend 

children’s mathematical understanding, we need a framework of teachers’ noticing to 

help extend teachers’ noticings of children’s thinking.   The first step to creating a 
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framework is documenting what teachers notice about engaging children in problem 

solving and thus the focus of this study.   

 

WHAT WE KNOW ABOUT NOTICING IN BILINGUAL CLASSROOMS 

   Missing from the conversation in mathematics education is an understanding of 

noticing as it relates to teachers and the teaching and learning of mathematics of English 

language learners.  There have been no similar studies to understand how bilingual 

teachers attend, interpret and respond to bilingual children’s mathematical thinking.  

Stein, et al.’s (2008) conceptualization of the reform mathematics teaching as “first 

generation” studies helps frame the type of research and knowledge that is available 

about engaging English learners in mathematics. Just as the first generation of research 

pointed out the difficulties that teachers, the first generation of bilingual research points 

out challenges and difficulties that English Learners have in mathematics classrooms.  

First, it was the issue of understanding how English learners are taught mathematics. For 

example, Brenner (1998) found that English learners in the classrooms she studied were 

not required to give complex explanations, but only had to provide simple answers. Then, 

research led to understanding that mathematics discussion is an important part of learning 

mathematics, especially for English learners, for example, as a means to providing access 

to mathematical ideas (Khisty, 1995, 2002; Khisty & Viego, 1999). Fortunately, why 

participation in problem solving is important, and how to help facilitate the participation 

of English learners in problem solving has been well documented (Maldonado, Turner, 

Dominguez, & Empson, 2009; Moschkovich, 2000, 2002; Turner, Celedon-Pattichis, 

Marshall, & Tennison, 2009; Turner, Dominguez, Maldonado, & Empson, 2006, 2013).   
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As with the “first generation” studies, research on problem solving in bilingual 

classes also unearthed the challenges of engaging English learners in problem solving.  

For one thing, because different models for bilingual education exist in various studies, 

how children engage in problem solving looks different from place to place. The use of 

both languages in a mathematics classroom would not be possible in a state such as 

California where there is English Only rhetoric and teachers are not allowed to speak in 

Spanish.  As previously mentioned, engaging in problem solving in classrooms with ELs 

is different than in classes where there are no EL students (Adler, 1997; Brenner, 1998; 

Gorgorio & Planas, 2001).  Both Gorgorio & Planas (2001) and Adler (1997) point out 

the difficulties a teacher may encounter if they do not share the native language or culture 

of their ELL students.  As a case in point, this may be an issue in some states such as 

Texas where teachers may not have academic Spanish necessary to teach mathematics 

(Gregorio & Planas, 2001; Guererro, 2003). Guerrero (2003) further highlights the 

frustrations of an education system that is expected to produce teachers with sufficient 

academic language.  Ironically, since these teachers themselves have been students of the 

same educational system, they have not had the resources to acquire strong Spanish 

academic language needed for teaching.   

“Second generation” studies that highlight the steps teachers can take to engage 

children in problem solving are starting to emerge. Ramirez and Celedon-Pattichis (2012) 

posit five “guiding principles” that will ensure that ELs can engage in mathematical 

classrooms.  Teachers are encouraged to notice particular functions of what it means to 

teach mathematics to English learner, for example, understanding the that mathematics is 

not culture free, but full of contextual understandings, and use that knowledge to prepare 

lessons that engage English learners (Aguirre & Bunch, 2012; Johnson, 2010).   
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I am in no way implying that all this research is unnecessary.  I strongly believe 

this literature is critical to our understanding not only of how to include English learners 

in the mathematics classroom, but more importantly, why we need to continue to 

advocate for ensuring English learners have access to quality mathematics education.  

But I draw upon my observations of bilingual teachers in Texas to note that even though 

teachers might have access to ideas about how to teach mathematics to English learners, 

they are still struggling with the notions of what it means to teach mathematics and 

English acquisition. There is still a lack of research that details what it means to engage 

children in problem solving, from the perspective of the teachers.  For example, if Anita 

was an English learner, what would be important to note about what she did or said that 

also drew upon what it means to acquire English?  So, what do bilingual teachers notice 

when they teach mathematics to English learners? What should they pay attention to that 

is different or similar to monolingual mathematics teachers? This is where it might 

depend on the language of instruction. If the language of instruction is not the child’s 

native language, then what other resources will children be drawing upon to express their 

mathematical thinking? As the professional noticing framework focuses largely on what 

teachers notice about what children say and do around problem solving, there will need to 

be a different lens to what bilingual teachers may need to focus on for English Learners 

expressing themselves in their second language. The work of Dominguez (2005) helps us 

understand, for example, that children can use gestures as a way to “accent” their verbal 

explanations when they want to add emphasis to their mathematical explanations.  

Understanding that part of a child’s explanation may be expressed through gestures is an 

important aspect to start considering.  Musanti, Celedon-Pattichis, and Marshall (2009) 

began to provide some answers to this question with their study of a first grade bilingual 

teacher who participated in a classroom centered professional development approach. 
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The teacher, who was successful in engaging her student in problem solving by using 

meaningful contexts as a basis for problems and discussions, provided a little bit of 

insight as to what she noticed about the teaching of mathematics and language 

acquisition. The teacher started to realize the full impact of the need for bilingual children 

to solve problems on a regular basis, but also an initial venture into understanding how 

“mathematics content knowledge is entangled with language development and cultural 

background” (2009, p. 39) This was not specifically a noticing study, but it provides an 

idea that there is a strong need to ask bilingual teachers what they notice. Then we can 

begin to understand what they do based on what they notice. These questions are 

important to answer in order to continue to support bilingual teachers as they teach 

mathematics to English learners.  

 

CONCLUSION 

Noticing is a useful construct to understand the complexities of the mathematics 

classroom.  The characteristics of noticing point out that it is something all teachers do, 

noticing is an undercurrent in how teachers make sense of and reason about what occurs 

in their classrooms, thus experience may be the reason for what teachers notice, and what 

teachers notice can change over time. The construct of professional noticing of children’s 

mathematical thinking highlights three noticing skills that are important to engaging 

children in problem solving: attending to children’s strategies, interpreting children’s 

thinking, and deciding how to respond on the basis of children’s understanding. How 

teachers respond might change interactions with children and thus cause different ways of 

attending and interpreting children’s mathematical thinking.  Research has provided 

ample explanations for what it means to engage children in problem solving and the 
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difficulties teachers have encountered in attempting to follow this model. Thus there is a 

certain level of expertise in noticing.  The question now is understanding what teachers 

notice in the first place so that they may transform the ways in which they engage 

children in problem solving. 
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Chapter 3: Methodology 

The research questions and the construct of professional noticing of children’s 

mathematical thinking guided the teacher study group approach, data collection and data 

analysis presented in this chapter.   The goal of this qualitative study is to explore what 

teachers notice about engaging children in problem solving.  The study consisted of two 

components: (a) six teacher study groups over the course of the study (b) ten weekly 

small group problem solving sessions with students. In this chapter I will describe the 

study setting and participants, professional development approach, data collection and 

data analysis. 

SETTING AND PARTICIPANTS 

This study took place at Lincoln Elementary1 in a large district in an urban setting 

of Texas in the spring semester of 2008.  It is a school of approximately 750 students in 

grades Pre-K through 5. The student body is mostly Latino (90% Latino, 8% African 

American, 1% White, 1% Mixed).  95% of the students qualify for the free lunch 

program and 59% of the students were classified as “limited English proficient”.  This 

study focused on third grade bilingual classrooms and teachers. There were six third 

grades classes, three of which were considered bilingual.  This school followed a 

transitional model of bilingual education in which the goal is to transition students to 

mainstream English as quickly as possible(Ovando & Collier, 1985).  

The participants included the three bilingual third grade teachers, sixteen students 

of mixed mathematics and English language proficiencies, and myself.  It was the fourth 

year at Lincoln Elementary for Ms. Gwen Ambers, the sixth year for Ms. Belen Quiroz, 
                                                
1 The names of the school, teachers, and students have been changed to protect the identity of the 
participants.  
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and the first year for Ms. Karina Flores. The teacher with the most experience was Ms. 

Quiroz at seven years, followed by Ms. Gwen Ambers at six years (she had spent two 

years teaching in the Rio Grande Valley), and it was Ms. Flores’ first year of teaching.  I 

will describe the selection of these teachers and access to the school and classrooms in a 

subsequent section. 

 The students, all English Language learners, were selected by the teachers to 

participate in weekly small group problem sessions. The third grade teachers selected 

students based on the student’s mathematics level and their English language proficiency 

level.  There were 16 total students in this study. A student in Ms. Ambers class moved 

away mid-study and was replaced by another student. Tables 3.1, 3.2, and 3.3 show the 

mathematical and English proficiency levels for the students in each class. The 

mathematics level was determined by looking at student test scores on the district Middle 

of the Year (MOY) mathematics test.  The TAKS scores shown are for Spring 2008, 

when the study took place, thus scores for the third grades in the year of the study. The 

Texas English Language Proficiency Assessment System or TELPAS determines the 

student’s English language proficiency. Proficiency levels shown are for each student at 

the end of their second grade year.  

For this study I consider myself both a researcher and a participant (Merriam, 

1998). I was the one who facilitated the teacher study groups and set a general outline for 

what to discuss for each Teacher Study Group. However, I only felt comfortable doing so 

since I had spent so much time getting to know the teachers in preparation for this study.  

I was conscientious about my role in the teacher study group and try to minimize any 

structural power relations (Burman, 2001) in order to not become the “answer giver” and 

allow a space where everyone is an “expert”. I kept a journal of my experiences  
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Table 3.1 Ms. Ambers’ students 

Student Math 
Level 

Passed 
TAKS  
Math 

Spring 
2008 

Commended 
TAKS Math 
Spring 2008 

Years in 
U.S. 

Schools 

TELPAS End of 2nd grade 

Reading Listening Speaking Writing 

Leo Med Yes No 3 Beg Beg Beg Beg 
Amanda Med No No 3 Beg Int Int Beg 
Mercedes Med Yes No 2 Int Int Int Int 
Yolanda Med Yes No 4 Beg Int Beg Beg 

Angelica* High Yes No 3 Adv Adv Int Beg 
Carlos ** Low -- -- 3 Adv Adv Adv Int 
 * Took Math TAKS in English 
** Moved away in the middle of the study and was replaced by Amanda 

Table 3.2 Ms. Flores’ students 

Student Math 
Level 

Passed 
TAKS  
Math 

Spring 
2008 

Commended 
TAKS Math 
Spring 2008 

Years in 
U.S. 

Schools 

TELPAS End of 2nd grade 

Reading Listening Speaking Writing 

Lorenzo Med Yes No 3 Beg Beg Beg Beg 
Barbara* Low No No 3 Beg Int Beg Beg 
Mireya Med Yes No 3 Beg Int Beg Beg 

Lisa Med Yes No 3 Beg Beg Beg Beg 
Samuel* High Yes No 3 Beg Int Beg Beg 

*Took Math TAKS in English 

Table 3.3 Ms. Quiroz’ students 

Student Math 
Level 

Passed 
TAKS  
Math 

Spring 
2008 

Commended 
TAKS Math 
Spring 2008 

Years in 
U.S. 

Schools 

TELPAS End of 2nd grade 

Reading Listening Speaking Writing 

Julia* Med Yes No 3 Beg Int Int Beg 
Omar Low No No 3 Int Adv Beg Beg 

Yessenia Med Yes No 3 Beg Beg Beg Beg 
Monica High Yes No 4 Int Int Int Beg 

Domingo Med Yes No 3 Beg Beg Beg Beg 

*Took Math TAKS in English 
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throughout the study as I questions and reflected on my role throughout the study.  When 

watching video of students and classrooms I tried to only ask questions that would follow 

up on comments teachers said, such as “Why do you think that?”  or “What makes you 

say that?” in order to try and get a qualifying statement to help me understand their 

perceptions and not make assumptions. I tried to be really careful in how I would respond 

to teachers’ questions to me of “What should I do?” and tried to not be directive when 

giving suggestions. However, a frequent comment of my reflective journal was “How can 

I do this better?. At one point I wrote, “When do I get to ‘tell’ them?” I was convinced 

that “telling”  teachers what to do was one of the major reasons mathematical reforms 

didn’t really work; yet here I was with the same sentiment.  

 

Pre-Study Access 

My decision to work at this school began with a choice encounter in February of 

2007.  As a Teach for America alumna I was invited to attend an event where I met 

another TFA alumna, Ms. Ambers.  When we were introduced I discovered she was a 

third grade bilingual teacher at Lincoln Elementary. I asked if it would be possible to visit 

her classroom, as I mentioned I was currently looking for student and teachers in 

bilingual classrooms.  She accepted and we stayed in contact via email for a couple of 

months. I visited her classroom in April and again in May.  I was interested in her 

classroom management techniques and enjoyed visiting her math lessons.  In June 2007, I 

met with the principal of Lincoln Elementary and mentioned to her my interest in 

conducting research at her school.  The principal agreed and was open to research in her 
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third grade classes. At that point I was considering doing a study on mathematics 

discussions. The principal expressed her interest in research in mathematics classes at her 

school because they were still struggling to get their passing rates (for mathematics 

TAKS testing) up from two years previous when only 39% of the bilingual student 

passed.  She clarified their model of bilingual education and stated that their goal was to 

transition students to English classes as early as possible.  

In the fall I was introduced to another third grade bilingual teacher, Ms. Quiroz.  I 

met with both Ms. Quiroz and Ms. Ambers in the August 2007 before the school year 

started. It was agreed that I would visit their mathematics classrooms on a weekly basis 

and just visit and converse with them about their mathematics questions.  From 

September to November 2007 I completed 17 visits to Ms. Ambers’ and Ms. Quiroz’s 

classrooms. Informally, I estimate I spoke briefly with the teachers at least once or twice 

a week, sometimes just in the hallway.  When I visited the classroom, I would initially 

just observe from the back of the class when the class was in whole group discussion and 

then walk around and talk to the students when they were seated doing desk work.  I took 

notes and sent my “wonderings” to the teachers after each visit. (See Appendix A) I 

would highlight conversations that I had with specific students and the questions I would 

ask them, then end with questions that I had about student’s mathematical 

understandings. Ms. Ambers mentioned to me that these “wonderings” were helpful to 

her and helped her start thinking about mathematics teaching a bit more reflectively.  I 

was invited to a third grade planning meeting in November 2007 when I got to meet the 

rest of the third grade team and listened in as they discussed testing issues.  I was 

introduced to the third study teacher, Ms. Flores in mid-November 2007.   

By this point I was starting to recognize, as mentioned in my dissertation 

proposal, that the questions that I had about discussion in mathematics lessons were not 
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the same sorts of questions that the teachers had. I was committed to a study that began 

with the teachers’ questions and being respectful and aware of the challenges they were 

most concerned with. So as the idea for the design of the study took place, I continued to 

visit classrooms and also observed Ms. Flores once.  In January 2008 I met with all three 

teachers again and they agreed to the idea of the teacher study group and working on 

problem solving with a small group of five students. The reason for the small group of 

students was because over the course of my classroom visits, the teachers would often 

exclaim frustration over time management and not being able to spend as much time with 

all the students as they would like. The also exclaimed frustrations with trying to 

understand “accountable talk” that the district required they enact in their discussions.  

Thus the ideas to work with a subset of students emerged.  

I believe that the conversations and visits that I made before the study were 

instrumental to the types of discussions that were videotaped for the teacher study groups. 

Ms. Quiroz and Ms. Ambers were used to my presence in their classrooms and asked, in 

my opinion, questions freely, complained about standardized testing freely, and were 

comfortable asking for my opinion about student’s mathematics thinking or 

understanding.  Ms. Flores did not seem to express any qualms and just as easily accepted 

me into her classroom. 

 In addition to laying the foundation to develop a conversation with the teachers, I 

believe the pre-study visits were important to get to know the teacher’s students. Even 

though students for the small group were not selected until after our first teacher study 

group at the end of January, I believe the students in these classrooms, (perhaps more so 

in Ms. Quiroz’ and Ms. Ambers’ rooms) were comfortable with my questioning and the 

phrase they often heard me say, “Why do you think that?, regardless of their answer. 
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PROFESSIONAL DEVELOPMENT APPROACH 

Teacher Study Groups 

 The design of the study group was based in literature that shows that groups of 

teachers who gather to look at evidence of student mathematical thinking can be places to 

further understand teacher learning (Little, 2004; Mewborn, 2003; van Es & Sherin, 

2008).  As a result, this research study was designed to take place over the course of ten 

weeks.  Teachers would select five students from their classes to participate in a weekly 

problem solving session. The teacher study group would meet on Sundays after every two 

weeks of small groups to gather and watch video of small groups, analyze transcripts of 

the small groups, and look at student work in the student’s notebooks.  For each teacher 

study group, I would prepare transcripts of the previous small groups. The teacher study 

group was presented to the teachers as a time to do a variety of things and open to change 

according to the questions or needs that came up.  Based on conversations with the 

teachers before the study started, the following were proposed by me as guidelines to 

refer to through the course of the study. 

• What did students do to solve the problems? 

• How do you know (for sure) what it is that a student understands? 

• Observations about questions that were asked to students 

• Observations about interactions/conversations between teacher and students 

• Observations about the role of language when facilitating a discussion 

Teacher’s weekly reflections served as a jumping point for what teachers wanted 

to discuss. The teachers who were videotaped prior to the teacher study group were 

selected to start off the conversation and indicate what they wanted to discuss or go back 

and watch. An overview of the main topics of discussion for every study group is 

presented in Appendix B. 
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The only exception to the above was the very first teacher study group. This first 

session was an opportunity to finalize the details of the small groups and served more as 

an orientation to the study.  The teachers decided that they wanted to create a mix of 

mathematical and English language levels for the small group.  Other than organizing and 

setting dates for videotaping, the first study group was used to discuss what it meant to 

engage in problem solving. Teachers read from Chapin et al. (2003) Classroom 

Discussions: Using Math Talk to Help Students Learn and  watched CGI video of Ms. 

Annie Keith working with a small group of students. 

 

Small Group Problem Solving Sessions 

 There were ten weekly problem solving sessions for each teacher over the course 

of the study.   The teachers would pose problems written by me and translated into 

English and Spanish to their students. These tasks were consistent with the problem 

structures and types from the CGI research (Carpenter et al., 1999).  By keeping track of 

the strategies that each student would use to solve the weekly tasks,  I used my 

understanding of the progression of children’s strategies to both select the next problem 

type structure, and purposely select numbers that could result in a variety of strategies or 

mathematical connections. At several of the Teacher Study Groups I asked teachers for 

input on problem types they would like to give to their students in subsequent small 

groups, but made final decisions about problem structures, contexts, and numbers. (See 

Appendix C for weekly tasks.) In the weekly problem solving groups, the teachers and 

students usually read the problem together, sometimes discussed the problem, worked on 

the problem individually while the teacher interacted with individual students or partners, 
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and then discussed solution strategies to the problems. Teachers agreed that for each 

problem solving session the following routines and procedures would apply. 

• Students will solve the problems using a strategy or method that makes sense to them 

• Students may use manipulatives to solve problems 

• Students will record their thinking in their notebook.   

• Students should be expected to explain their thinking and provide reasons and 

justifications for what they did.   
 

Each teacher was provided with a “Teacher Task Review” handout for every 

small group session. (See Appendix D for example.) This review sheet provided the 

problems, a brief reminder of topics the group had expressed interest in considering in the 

previous teacher study group, suggestions for number changes for the problems, and 

examples of student strategies they might see for each problem.  

 

DATA COLLECTION 

 The study took place from the end of January to the end of May 2008.  (See 

Appendix E for timeline of data collection.) Due to TAKS testing at the end of April, 

there was a two-week data collection gap between the fourth teacher study group and 

Week 9 of the small group. Four small group sessions were videotaped for each teacher. 

These videos were transcribed and brought to the next study group. Student notebooks 

were also brought to the teacher study group to analyze and discuss. Each teacher filled 

out a reflection sheet after each small group session. (See Appendix F1.) The reflections 

served to remind teachers of what they wanted to see or discuss about their problem 

solving group in the teacher study group.   
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 Each of the teacher study groups was also videotaped.  Teachers viewed video, 

looked at transcripts of small group sessions, and looked at student work in the 

notebooks.  After each teacher study group, teachers spent five minutes completing a 

reflection that was composed of two questions: (a) What did you take away from today’s 

study group? (b) What specific “thing” do you want to try or work on in the next two 

weeks? 

 Teachers were given pre and post interviews. These interviews were audiotaped 

and used to question teachers past experiences with teaching mathematics and their 

concerns about teaching in the mathematics classrooms. (See Appendix F2 for 

interviews.) Students were given a problem solving interview by myself in the middle of 

the study (see Appendix F3) and results shared with classroom teachers. Students were 

also given an interview at the end of the study to ascertain their impressions about the 

small groups they had been a part of. (See Appendix F4). 

 Finally, one whole group lesson plan was videotaped for each teacher at the end 

of the last teacher study group.  Student work was collected.  This study was approved for 

and complied with Institutional Review Board guidelines for human subject research. 

 

DATA ANALYSIS 

Video of the small group sessions and the teachers study groups were transcribed.  

As teacher study groups were transcribed I kept a reflective journal with notes that for 

specific instances in which I had an insight or question.  Transcripts of the teacher study 

groups were read in their entirety to capture big themes.  Student work, small group 

video, teacher small group reflections and teacher study group reflections were used to 

add context to the teacher study group discussions.  
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For the first pass of coding (Strauss & Corbin, 1998), I looked for instances of 

noticing using Jacobs et al. (2010) professional noticing of children’s mathematical skills 

of attending, interpreting and deciding to respond.  I identified these themes in the data 

but also created a category that I labeled “other”.  I broke the transcripts down into 

episodes or chunks, looking for instances in which teachers were focusing on discussing 

engaging children in problem solving. The episodes were characterized by artifacts of 

practice being used such as video of the small group, student strategies in the notebooks, 

transcripts of the small group, or a combination of the artifacts. I also included recall as 

an artifact of practice if teachers were directly referencing the small group sessions.  I left 

out instances in which they would discuss mathematics lesson planning, issues with 

standardized testing, or irrelevant conversation.  Within these episodes I looked for 

instances in which it seemed that teachers were attending to children’s thinking, 

interpreting children’s thinking, or deciding how to respond to children’s thinking. There 

were still “other” noticings that I put into another category if they seemed to be 

referencing engaging children in problem solving. I also noted any instances throughout 

the teacher study groups where the teachers were discussing language use or their 

student’s English language acquisition.  Slight variations of each noticing skill were 

given tentative themes and axial coding produced differences within each noticing skill. 

(Results presented in Chapter 4).   

Once teachers’ noticing instances were clearly identified, I used the study group 

transcripts, small group transcripts and video, and student work to determine the level of 

robustness of the noticing.  Using Jacobs et al. (2010) levels of evidence of using 

children’s mathematical thinking, each code was further analyzed for depth of evidence. 

Table 3.4 provides a review of (Jacobs et al., 2010) noticing skills and a brief example of 

each level of evidence.  Once the all instances of noticing and their robustness were  
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Table 3.4 Jacobs et al. (2010) Professional Noticing of Children’s Mathematical 
Thinking 

Noticing Skill Definition Levels of Evidence 
Attending to 
Children’s Thinking 

The details teachers notice 
about children’s strategies 

Lack of Evidence – surface 
level observations such as 
saying the answer is correct or 
the student added 
Evidence – Describes tools used 
and provides details for the 
entire strategy used 

Interpreting 
Children’s 
Mathematical 
Understandings 

Extent to which teacher’s 
interpretations of children’s 
strategies are aligned with the 
details of the child’s specific 
strategy and understanding of 
research of children’s 
mathematical understanding 

Lack of evidence – Evaluative 
statements, interpretation is not 
based in understanding 
student’s strategy 
Limited evidence – Focus is on 
child’s understanding but in 
general terms such as “good 
number sense” or “she figured it 
out with the algorithm” 
Robust evidence – makes sense 
of the child’s strategy and place 
it within the context of 
children’s mathematical 
thinking. Also able to say what 
child did not demonstrate. 

Deciding how to 
Respond on the 
Basis of Children’s 
Understandings 

Extent to which teacher uses 
what they learned about child’s 
mathematical thinking and 
makes a decision based on the 
details of that strategy and 
understanding of children’s 
mathematical understanding 

Lack of evidence – Little to no 
reference to child’s strategy or 
understanding.  Might focus on 
problem difficulty rather than 
student’s mathematical thinking 
Limited evidence – General 
understanding of child’s 
strategy thus not detailed 
decision on what is next step 
Robust evidence – decision 
reflects detailed understanding 
of progression of child’s 
strategies and can pinpoint the 
next step or question to ask to 
extend or push the child’s 
thinking 
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established, the instances were sorted and analyzed for the findings that are presented in 

the first section of the next chapter.  

I returned to the deciding how to respond codes to look for decisions that teachers 

noted in the study groups. Using teacher study group reflections, which listed what 

teachers would like to remember the next time they conducted a study groups, as well as 

the small group reflections, which noted immediate reflections on the small groups, I 

looked for examples of decisions being enacted or discussed.  The results are presented in 

the third section of the next chapter. 

Finally, I looked over the instances in which language had been mentioned or 

noted and looked for themes across the study groups.  I found it useful to use the features 

of attending and interpreting in analyzing the comments about language. Results are 

presented in the second section of the next chapter. 

 

Coding Reliability 

I selected a set of 4 episodes from each teacher study group, or about 15% of the 

data. These episodes were instances in which teachers were reflecting upon or discussing 

engaging children in problem solving.  A coder with relevant research knowledge 

independently coded the sample data.  There was 80% agreement on the attending codes, 

70% agreement on the interpreting codes, and 95% agreement on the deciding to respond 

codes.  Discussion and clarification of attending and interpreting, watching video and 

looking at student work, as well as the levels of robustness, increased the agreement to an 

overall average of 88% for noticing. 
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Summary 

 This study provided a large amount of data in the form of videos, transcripts, 

interviews, student work and reflections. The teacher study groups provided the 

opportunity to look for instances of the noticing skills of attending, interpreting, and 

deciding to respond in episodes that focused on engaging children in problem solving.  

The rest of the data provides an opportunity to weave together a story of what occurred in 

this study.  These findings are presented in the next chapter.   
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Chapter 4: Findings 

This chapter presents the results of analyzing transcripts of all the of the Teacher 

Study Groups (TSGs) (with the exception of the first one), student problem solving work, 

and the Teacher Study Group reflections completed by each of the three bilingual 

teachers. Findings are organized into two parts. The first section details the findings of 

what teachers notice about children’s mathematical thinking through the categories of 

attending to children’s strategies, interpreting children’s mathematical understandings, 

deciding how to respond on the basis children’s mathematical thinking, and additionally, 

the emerging themes of what I labeled Other Concerns. The second section highlights the 

findings of what teachers notice about their students’ English language acquisition and 

the learning of mathematics.  

 

WHAT TEACHERS NOTICE ABOUT CHILDREN’S MATHEMATICAL THINKING 

Transcripts from the Teacher Study Groups (TSGs) were analyzed and coded by 

looking for instances in which student’s problem solving was discussed2. Field notes, 

Teacher Study Group reflections and coding notes were used to collaborate with the 

findings from TSGs. Artifacts of practice such as small group video, student notebooks, 

and transcripts of small group problem solving sessions were provided for the teachers 

throughout the course of the TSGs and were referred to in conversations that occurred 

during the TSGs. Table 4.1 provides the results of the instances when teachers notice in 

the categories of the three skills of attending, interpreting, deciding how to respond, as 

well Other Concerns themes that were documented.  It is important to mention that 

                                                
2 The primary purpose of the first Teacher Study Group was to come to consensus about the parameters of 
the small group sessions and discuss what it means to engage in problem solving. Teachers did not start 
meeting with their small groups until after this TSG, thus there was no student data or video to discuss.  
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noticings coded as Other Concerns were concerns that the teachers expressed that were 

not grounded in children’s mathematical thinking.  

 

Table 4.1 Instances of Three Noticing Skills and Other Concerns 

 

Instances in which teachers attend to student’s strategies are often a starting point 

for each of the episodes of discussing engaging students in problem solving.  Attending to 

students’ strategies becomes the jumping point to interpreting children’s mathematical 

understandings. Teachers had opportunities to recall and select which sections of their 

small problem solving groups they wanted to discuss and either watch video of, read over 

transcripts of the small group, or look at student work in notebooks.  The majority of the 

sections the teachers wanted to discuss focused around student strategies they didn’t 

understand or one-on-one interactions they were left puzzling about. The ensuing episode 

then resulted in various interpretations of children’s mathematical understandings taking 

place.   This results in almost twice the number of interpreting instances as compared to 

Teacher 
Study 

Groups 

Attending to 
children’s 
strategies 

Interpreting 
children’s 

mathematical 
understandings 

Deciding 
how to 
respond 

Other 
Concerns 

TSG 2 22 26 6 11 

TSG 3 26 37 11 33 

TSG 4 5 15 1 9 

TSG 5 13 33 12 28 

TSG 6 21 39 8 21 

Total 87 150 38 102 
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attending instances. Further breakdown of each noticing skill provides evidence for this 

overarching result. 

Table 4.1 highlights the disproportion of deciding how to respond codes to 

attending and interpreting codes, which can be attributed to the nature of the teacher 

study groups. Teachers were asked to reflect and comment on past small group problem 

solving groups with their students. As a result, much of what they noticed was 

concentrated in the noticing skills of attending or interpreting. Those instances in which 

they made comments or decisions about future situations of engaging children with 

problem solving were not a significant portion of the conversations in TSGs. Also, the 

number of instances of noticing for TSG 4 are particularly low because the beginning 40 

minutes of that particular study group were spent reading and discussing a chapter from 

Chapin et al. (2003) Classroom Discussions: Using Math Talk to Help Students Learn 

book.  Highlights from that particular segment are included in the third section of this 

chapter. Each of the ways of noticing and other concerns will be further deconstructed in 

the following subsections.  

Looking for instances of noticing in the TSG discussions required chunking the 

discussions into episodes defined by times the teacher were discussing examples of 

engaging children in problem solving.  The artifact of practice that was referenced in 

each episode was also documented.  It is important to note the artifact of practice that was 

potentially being referenced in order to learn if certain artifacts of practice could lead to 

deeper discussions of student’s mathematical thinking.  Table 4.2 shows the type of 

artifact of practice that was the focus of each episode in which teachers were talking 

about engaging children in problem solving.  Conversations revolving around looking at 

the student notebooks produced the largest percentage of noticings at 38% of total 

noticings.  Looking at student strategies in the notebooks was the most common artifact 
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of practice for the categories of attending, interpreting and deciding to respond. The only 

type of noticing in which student notebooks were not the most common were the Other 

Concerns. Recall, in which teachers generally mentioned instances of engaging their 

children in problem solving without referring to a specific problem or small group 

session, was the most common artifact of practice for the Other Concerns category. 

Instead, the most common artifact of practice for Other Concerns was the use of recall. 

Teachers would reference a particular event or student strategy from memory. Potential 

implications of these findings will be discussed in the following chapter.  

 

Table 4.2 Artifacts of Practice Across the TSGs 

 

Within documenting the instances in which noticing occurred, a pattern that 

continues to appear in the results is the dominance of one teacher in the majority of the 

 
Type of Artifact of 

Practice 

Attending 
to 

children’s 
strategies 

Interpreting 
children’s 

mathematical 
understandings 

Deciding 
how to 
respond 

Other 
Concerns 

Totals 

Recall 
11 35 7 40 93    (25%) 

Student Notebook 
54 62 11 18 145  (38%) 

Transcript of 
small group 
session 

8 12 11 18 50    (13%) 

Video of small 
group session 4 27 9 22 62   (16%) 
Transcript and 
student notebook 8 11 0 3 22   (6%) 
Transcript and 
video 3 3 0 0 6     (2%) 

Total 88 150 38 102 378 (100%) 



 62 

contributions. As shown in Table 4.3, Ms. Ambers’ comments and observations account 

for approximately 58% of the total number of instances of noticing recorded.  Ms. 

Ambers’ would make long and detailed observations or commentaries after which Ms. 

Flores or Ms. Quiroz would either nod in agreement, or add on their own comments. Ms. 

Flores and Ms. Quiroz did participate in the TSG discussions, however not to the same 

degree as Ms. Ambers. This is emphasized most clearly in the interpreting category in 

which Ms. Amber’s noticing contributes to about 65% of the total number of interpreting 

instances.  The disproportion of vocal participation in the TSGs is pointed out in a few 

other areas of the findings.  

 

Table 4.3 Breakdown of Teacher’s Individual Instances of Noticing Across the TSGs  

 Attending 
to 

children’s 
strategies 

Interpreting 
children’s 

mathematical 
understandings 

Deciding 
how to 
respond 

Other 
Concerns  

Totals 

Ms. Ambers 37 96 23 63 219 (58%) 

Ms. Flores 31 34 11 22 98   (26%) 

Ms. Quiroz 20 20 4 17 61   (16%) 

      
Totals 88 150 38 102 378 (100%) 

 

Attending to Children’s Strategies 

In the instances where student’s mathematical thinking was discussed in the 

TSGs, the starting point for any conversation was a student strategy. Attending to student 

strategies describe the ways in which teachers pay attention to important mathematical  
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Table 4.4 Attending to Children’s Strategies 

Instances of Attending to 
Children’s Strategies 

Definition Number 
of 

Instances 

Percent 
of Total 

Basic description of student 
strategy 

Comments tend toward general 
features of the strategy 

43 50% 

Detailed description of 
student strategy 

Comments include details such as 
how the child counted or 
decomposed numbers. 

12 13% 

Correctness of Answer Comments focus on correctness of 
student strategy with little to no 
other descriptors 

5 6% 

Unclear on Student Strategy Comments reflect on not 
understanding what a student did or 
not being sure why a student did a 
specific strategy 

23 26% 

Basic description of student 
explanation 

Comments tend to repeat the 
answers students without any 
supporting comments as to 
strategies used 

1 1% 

Detailed description of 
student explanation 

Comments include details of 
student’s explanations to each 
other 

4 5% 

    
Total  88 100% 

 

details about children’s strategies.  Table 4.4 shows that as teachers discussed student 

strategies, descriptions about student strategies stayed at the basic level a much larger 

percentage than at a detailed level.  Detailed descriptions of student’s strategies could 

indicate deeper understanding and reasoning of student’s mathematical thinking.  Each 

TSG has a similar percentage of basic description instances.  All three teachers give basic 

descriptions of students’ strategies in which the most common description is to simply 

state the operation the student has used to solve or attempt to solve the problem (addition, 

subtraction, etc.) For example, for Samuel’s strategy for the doughnut problem (Figure 
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4.1), Ms. Flores describes his strategy as “He used base ten blocks and knew how to use 

the algorithm.”  

 

 

 

 

 

 

 

 

 

 
 

Figure 4.1 Samuel’s Strategy for Doughnuts Problem  
For a party, the third grade class has 3 boxes of doughnuts with 10 doughnuts in each 
box, and they also have 18 individual doughnuts.  How many doughnuts do they have 
altogether? 
 

This description merely points Samuel’s use of manipulatives (drawn in his 

notebook) and two algorithms.  It leaves unclear whether Samuel understood the 3 boxes 

of doughnuts to be 3 groups of ten, or if he counted be tens, an indicator of developing 

number sense.  Along with the basic descriptions, there are a couple of instances in which 

students’ strategies are merely described as being correct with no description of what a 

child actually does to solve the problem. 

There are only 12 instances of detailed descriptions, and Ms. Ambers stated half 

of those.  An example of a detailed description is when she describes Yolanda’s strategy 

for the Tortas problem. (Figure 4.2) The problem read: Amanda has to buy 15 tortas for a 
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party.  Each torta costs 6 dollars.  How much money does Amanda need to buy the 15 

tortas? 

She makes a group of, it's 15 tortas. Right. So she adds the 6s together until she 
gets a number that's easier for her which is 30 and she writes that that's 5, that's a 
group of 5. And then she adds, 5,10, 15. 

Ms. Ambers describes the repeated addition of 6 sixes to get to a known multiple of 15.   

This description is given to contrast two student’s strategies.  This level of description is 

helpful to, for example, begin to think about which strategies to discuss with the whole 

small group. A basic strategy for this strategy would have been to use repeated addition 

to add 15 sixes at once. Amanda’s strategy uses doubles and knowledge of six facts to get 

to a number that is then easy to quickly add, 30.  By noting the use of known facts, Ms. 

Ambers can begin to think about efficiency in solving problems.  

 

Figure 4.2 Yolanda’s Strategy 

Amanda has to buy 15 tortas for a party. Each torta costs 6 dollars. How much money 
does Amanda need to buy the 15 tortas? 

 

Almost a third of the time, the reason teachers were interested in a child’s strategy 

is because they were either unclear or unsure about what a child had done to solve a 

problem.  For example, for the Boxes of Books problem which read: Ms. Quiroz and Ms. 
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Ambers have lots of books.  Ms. Quiroz has 24 boxes.  Each box has 4 books.  Ms. 

Ambers has 12 boxes.  Each box has 8 books.  Who has more books in all? What do you 

think? Why? (Figure 4.3) Julia began to solve the problem with a combination of 

grouping boxes with four books into groups of 4 and subsequently losing count of the 

counts of 16 made. There was confusion over what the dots represented and how many 

books and boxes were depicted in Julia’s drawing.  Ms. Quiroz was unable to explain 

what Julia had done and it lead to a discussion of attempting to interpret Julia’s strategy.3   

 

 

Figure 4.3 Julia’s Strategy 

Ms. Quiroz and Ms. Ambers have lots of boxes of books. Ms. Quiroz has 24 boxes. Each 
box has 4 books. Ms. Ambers has 12 boxes. Each box has 8 books. Who has more books 
in all? What do you think? Why? 
                                                
3 Julia had used a combination of direct modeling and counting strategies. She drew each of the boxes with 
four books inside. She drew only 23 boxes instead of 24.  She then used her drawing to create groups of 16. 
As she would write down a 16 she would cross out a group of 4. She made a mistake in writing down 24 
books for the last set boxes. She adds the 16s by making groups of 12 and adding it off to the side. 
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Another example of an unclear strategy was Samuel’s strategy for the Cafeteria 

problem: There were 53 girls and 48 boys in the cafeteria at lunchtime.  How many 

children were there in the cafeteria at lunchtime? (Figure 4.4).  Ms. Flores did not 

understand Samuel’s decomposition of 53 and 48 into tens and ones.  Samuel appeared to 

use both the traditional additional algorithm and yet still decomposed the 53 into tens to 

begin adding the tens together.  Thus Samuel’s strategy was selected as a video clip for 

the teachers to watch in the TSG. It was determined that the decomposition of 53 and 48 

was not Samuel’s initial strategy, he was filling time waiting for others to complete their 

problems. His original strategy was to use the traditional algorithm to add 53 and 48. 

The TSGs were a space for teachers to bring up their concerns and wonderings 

about what occurred in their weekly small groups. As teachers engaged children in 

problem solving, what emerged as a central theme in what teachers attended to and 

wanted to reflect about with the other teachers and myself were by and large instances in 

which they didn’t understand a student’s strategy or in which students struggled with a 

problem.  Descriptions of student strategies were often basic and surface level 

observations of the tools used or operations used.  Teachers did not often attend to 

children’s mathematical strategies with detailed explanations about the mathematical 

details of a student’s strategy or with connections to student’s mathematical 

understandings. 

Attending to details of children’s strategies, even with basic levels of details, led 

to the teachers beginning to question mathematical practices that were used in their 

classes.   For the second TSG, I asked the teachers to share insights about the first week 

of the small group with their students.  Discussion quickly turned to student solution 

strategies for Week 1, Task 1, a Join Change Unknown problem about a video game: 

Edgar wants to buy a video game.  He has 39 dollars.  His mom gives him some more  



 68 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4.4 Samuel’s Strategy for Cafeteria Problem 

There were 53 girls and 48 boys in the cafeteria at lunchtime.  How many children were 
there in the cafeteria at lunchtime? 

 

money. Now Edgar has 78 dollars.  How much money did Edgar’s mom give him?  As 

part of the norms for what it meant to engage students in problem solving, each teacher 

had been asked to start requiring their students to solve each problem with more than one 

strategy. Ms. Ambers was alarmed to find that of those who did solve the problem 

correctly in her group, not only did they just use the traditional algorithm as the strategy 

to solve the problem; they also struggled to think of a second strategy to solve the 

problem. She noted that most of them turned to drawing cubes or blocks to represent 

manipulatives.  Ms. Quiroz also noted that her students were “a little more algorithm 
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dependent” than she previously thought.  This led to a discussion about the value of the 

traditional algorithm as a means to solving problems. Ms. Flores stated, “I believe that 

math is an algorithm at some points.  And if you learn to do it now, then it’s that ground 

knowledge for your future.” Ms. Ambers expressed a different view of the traditional 

algorithm: 

 I guess, I mean, the idea of the algorithm not being the end all be all of 
math is like still sort of new to me I guess.  So it’s still like a mental hurdle for 
me.  But I’m at the point now, where, you know, at some point they’re going to 
mess up the algorithm and they’re going to need another way to still be able to 
solve the problems.  So I would like for them, I mean, I don’t want them to feel, I 
don’t want them to feel frustrated. 

 These sentiments about the traditional algorithm and its place in children’s 

problem solving was indicative of the beginning place for these teachers. Ms. Quiroz 

concurred with Ms. Ambers and mentioned how hard it was to have her students give 

details when sharing their strategies.  The students often gave surface level details like 

going step by step through the traditional algorithm they used.  These discussions 

highlight a starting point for beginning to define what it meant for students to share their 

mathematical thinking.  It also documents the beginning of when Ms. Ambers begins to 

question what it really meant for her students to only have one strategy to solve a 

problem.  She continues to bring this point up in subsequent TSGs. 

 

Interpreting Children’s Mathematical Understandings 

Teacher discussions about the interpretations of children’s mathematical 

understandings were initiated by what teachers attended to in children’s strategies.  These 

interpretations were not always focused on the details of children’s strategies that could 

lead towards what might be most helpful in engaging children in problem solving.  (See 
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Table 4.5) In other words, results pointed to not only what teachers interpreted about 

children’s mathematical understandings but also what they chose to interpret during the 

TSGs.  What continued to be a main theme of what the teachers chose to discuss in the  

Table 4.5 Interpreting Children’s Mathematical Understandings 

Types of Interpretations Characteristics Number of 
Instances 

Evaluative Interpretations Comments about what children understand 
are not based on children’s strategies but 
instead extrapolations for teachers’ 
interpretations on why children are doing 
what they do  

 
49 (33%) 

Interpretations of Strategies 
by Individual Students 

Comments are based on student’s 
strategies or mathematical understandings 
of children’s problem solving learning, 
three levels of evidence. 

 
78 (52%) 

Interpretations of Small 
Group Discussions 

Comments are based on children’s 
understandings in the course of discussing 
students’ problem solving strategies, three 
levels of evidence 

 
23 (15%) 

   
Total 150 (100%) 

 

TSG could be generally phrased as “Why are students doing what they are doing?” This 

lens provides an opportunity to begin to tease apart what kind of interpretations the 

teachers made and when they were based in children’s mathematical thinking and 

learning.  The interpretations that teachers made evolved into three types of 

interpretations about children’s mathematical understandings. The first types of 

interpretations (33%) about children’s mathematical understandings were generally 

evaluative interpretations about why students did certain things that were ungrounded in 

student’s mathematical strategies and based more on surface level observations or 

predictions. These interpretations included general statements about the overall result of 



 71 

small group sessions or connections to specific teacher moves. The second types of 

interpretations about children’s mathematical understandings provided different levels of 

evidence for being grounded in students’ strategies or an understanding of the 

progression of student strategies from least efficient to most efficient.  These 

interpretations were based on focusing on individual students and their strategies.  The 

levels of interpretations for this category were further defined as providing lack of 

evidence, limited evidence and robust evidence.  These interpretations constituted about 

almost half of the teacher’s interpretations. Finally, the third types of interpretations that 

emerged about children’s mathematical understandings were those instances in which the 

focus was the discussion of strategies in a small group.  These interpretations generally 

focused on interpreting how children understood each other’s strategies.  These types of 

interpretations were also further defined as providing lack of evidence, limited evidence 

and robust evidence.  These results highlight that more than half of the time the teachers 

were basing their interpretations of children’s mathematical understandings on some kind 

of understanding of children’s strategies and mathematical thinking. The different types 

of interpretations found in this study again highlight the mixed instances of analyzing 

teacher reflections.  There has been limited data on teacher’s noticings in small group 

situations.  Further analyses of each of the types of interpretations are described in the 

following sections. 

 

Evaluative Interpretations 

 The comments that define this category of interpretations can best be understood 

as a concern with the success of children’s problem solving.  These instances of noticing 

were called evaluative due to the focus on correctness of an answer or strategy being 
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used.  As shown in Table 4.6, for about half of these instances, teachers focused on trying 

to interpret children’s understandings due to an error made in the solution strategy.  

Teachers tried to locate and understand errors in child’s strategies or counting, but would 

make no other comment on the efficiency of the strategy, or what they learned about the 

student due to the strategy used. Student errors were due to a variety of reasons such as 

miscounting, arithmetic mistakes, extra drawings, or reading a problem incorrectly. Once 

teachers interpreted the reason for the mistake, the conversation about that particular 

student’s understanding would stop.  

Table 4.6 Teachers’ Evaluative Interpretations of Engaging Children in Problem Solving 

Evaluative 
Interpretations 

Definition Instances of 
Evaluative 

Interpretations 
Understanding student 
errors 

Reasons for student errors were 
sought out and explained with 
miscounting, incorrect drawings or 
arithmetic mistakes 

 
26 

Predicting an easier 
strategy 

Interpretations on features of 
strategies that would have led to 
correct answers  

 
10 

Students Drawing on 
Classroom Experiences 

Interpretations that explain the 
reason a student does or says 
something is in connection to 
regular math class 

 
5 

How did it go? General evaluative statements on the 
outcome of a small group session 

 
8 

   
Totals 49 

Other evaluative interpretations of student’s understandings were focused on 

features of children’s strategies that could either lead to an easier solution process or 

making a connection about where a student first saw a particular strategy. For example, in 

the first TSG that looked at student work, the teachers recalled that the majority of the 
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students in Ms. Quiroz’s and Ms. Ambers’ small groups had solved the Join Change 

Unknown problem given in the first week (See Appendix C, Week 1, Task 1) by 

subtracting to get the answer.  Ms. Flores noted that her students used addition to solve 

the problem and went on to interpret the reason for students using addition: 

They turned it to addition. They did 39 plus what equals 78. But I, I feel that's 
also my fault because, my fluency, that I do every day with my kids, is you know 
how I do the problem of the day? And I do the date, and I have, the addition, and 
if it's day 100 plus what, or 29 plus what equals 100. And we do that every single 
day. So, like Barbara, (holds up notebook and points to it) that's exactly what she 
does.  

Ms. Flores noted the difference between her students and the other two classes and 

recognized that the daily practice in her classroom could attribute to a particular way to 

solve a problem.  In another example, Ms. Ambers made a connection to an error Leo 

makes with correctly interpreting how to solve a Separate Start Unknown problem about 

marbles: Maribel has a lot of marbles and wants to give away the ones she does not want 

anymore.  She gives 27 marbles to her friend Roberto.  Now Maribel has 44 marbles.  

How many marbles did Maribel have to start with?  (Figure 4.5)  Ms. Ambers attributed 

Leo’s error to a discussion in their regular mathematics class: 

Maybe discussion that I, you know, that he didn't see. I think and I think that 
maybe we've shot ourselves in the foot there too with like the fact families that we 
talked about.  Like I think that they just see all the numbers as like equally 
interchangeable and not that this one, you know that these two together somehow 
have to equal this. 

Ms. Ambers has interpreted that Leo’s inability to correctly solve the problem stems from 

a misunderstanding about fact families.4  What is interesting about Leo’s solution is that 

although he has incorrectly subtracted 44 and 27 to solve this problem, he actually writes 

a correct number sentence to indicate the structure of the action in the problem.  __- 27 = 
                                                
4 Fact families are often taught as interchanging three numbers to make different number facts. For 
example, 7 + 3 = 10, 10 – 3 = 7, 10 – 7 = 3 would be a fact family for making 10 with 7 and 3. 
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44 correctly follows the action in the problem with Maribel having some marbles, giving 

27 away, and retaining 44 marbles. Leo had difficulty in finding the initial number of 

marbles in attempting to use the traditional subtraction algorithm. 

 

 

Figure 4.5 Leo’s Strategy 

Maribel has a lot of marbles.  She wants to give away the marbles she doesn’t want 
anymore.  Maribel gives 27 marbles to her friend Roberto.  Now Maribel has 44 marbles.  
How many marbles did Maribel start with? 

 

Teachers made evaluative statements about how a small group went as either 

positively based on a few defining factors or negatively based on how many children 

solved the problems easily.  For example, after watching video in the TSG, Ms. Quiroz 

exclaimed Ms. Flores small group had gone well.  “She’s good at bring them all together.  

They’re all like explaining their strategies.  And if they don’t she pulls it out of them.  
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Good job!” Similarly, after watching a video of Ms. Quiroz’ small group, Ms. Flores 

exclaimed, “I think that was really good.  She spoke to everyone.”  The evaluation of the 

small group was not the mathematical ideas or strategies that were discussed, but the 

ability to have everyone share their strategies or have a turn at speaking. 

 

Individual Student Interpretations 

 The comments that define this category are those instances in which 

interpretations were made on children’s mathematical understandings while most 

generally speaking about one student at a time. (Table 4.7)  These interpretations are 

different from the evaluative interpretations in that more mathematical details were 

provided of student’s strategies thus giving insight into teacher’s understanding of the 

development of children’s mathematical thinking.  These interpretations accounted for 

almost half of the interpretation instances that were documented.  These interpretations 

occurred fairly evenly across all the TSGs.  It is important to note that Ms. Ambers stated 

70% of this category of interpretations and 83% of the interpretations labeled robust.   

 As described in the coding section of the methods chapter, these interpretations 

were further labeled as to the extent in which student’s mathematical strategies and 

understanding about children’s mathematical development were stated in the 

interpretation about children’s understanding.  Interpretations that were evaluated with 

lack of evidence or limited evidence accounted for 77% of the total instances of these 

interpretations.  Examples of lack of evidence included statements in which teachers said 

“she got it” when interpreting student understanding or “totally wacky” when interpreting 

the efficiency of a strategy.  In the interpretations of students’ number sense, reasoning 

and understanding, the majority of the instances were evaluated as having limited  
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Table 4.7 Teachers’ Individual Student Interpretations of Children’s Understandings 

Interpretations Levels of Evidence Number of 
Instances 

Totals 

Efficiency of Student Strategy Lack of evidence 10  
27 Limited 12 

Robust 5 
Reasons for Struggling Lack of Evidence 0  

23 Limited 17 
Robust 6 

Effect of Problem Structures 
on Children’s Problem Solving 
Strategies 

Lack of Evidence 0  
8 Limited 4 

Robust 4 
Interpreting Student Number 
Sense 

Lack of Evidence 1  
5 Limited 4 

Robust 0 
Interpreting Student Reasoning Lack of Evidence 0  

7 Limited  6 
Robust 1 

Interpreting Student’s 
Understanding 

Lack of Evidence 2  
8 Limited 4 

Robust 2 
    

Total 78 

 

evidence.  The donut problem stated: For a party, the third grade class has 3 boxes of 

doughnuts with 10 doughnuts in each box, and they also have 18 individual doughnuts.  

How many doughnuts do they have altogether? Julia, from Ms. Quiroz class, solved the 

doughnut problem by taking the 18 individual doughnuts and portioning 6 doughnuts to 

each of the 3 boxes. (Figure 4.6)  The following transaction highlights differences in Ms. 

Ambers’ and Ms. Quiroz’ interpretation of Julia’s understanding.  I ask Ms. Quiroz about 

Julia’s strategy and she replied: 
 

Ms. Q: I didn't really get to talk to her about the 6, 6 and 6, but that was 
interesting.  
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LM: That she chose to break it up? 

Ms. Q: Yeah. 

LM: Do you think, uh, what do you think she knows about 6 and 18? 

Ms. Q: She knows the mult, like that tells me that she knows multiplication.  

LM: Does that mean, is that usually, does she?  

Ms. Q: I don't know, I didn't, I hadn't never noticed that from her. That was 
interesting.  

Ms. A: I think even if she doesn't see it as multiplication, I mean, not knowing 
Julia intimately. 

Ms. Q: She understands it. 

Ms. A: But like, I think more are used to just skip counting. Which we relate to   
multiplication, but even if that didn't stick out in her brain, as like 6 x 3 equals 18, 
I think she knew like 6,12, 18 and wrote down (inaudible) 

 

Figure 4.6 Julia’s First Strategy for Donuts problem 

 
For a party, the third grade class has 3 boxes of doughnuts with 10 doughnuts in each 
box, and they also have 18 individual doughnuts.  How many doughnuts do they have 
altogether? 
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This conversation highlights Ms. Quiroz’ statements of limited evidence of Julia’s 

understanding by making the connection to multiplication and how Julia understands it. 

Ms. Ambers’ detailed interpretation is an example of robust evidence as she details 

mathematical understandings in Julia’s ability to decompose and count the 18 doughnuts 

into 3 groups of 6 doughnuts.  Recognizing and interpreting the ways in which children 

decompose numbers into known parts could provide a deeper assessment of children’s 

mathematical understanding, and in this case, of Julia’s base ten number sense. 

One of the most common types of interpretations, Interpreting Reasons for 

Struggling, is again indicative of a focus on correctness of student strategies or on a lack 

of recognizing valid partial strategies.  Of the interpretations made here, 77% of the 

comments made either had lack of evidence or limited evidence.  Comments were general 

and were along the same lines as the following examples. 

“I think he’s totally lost.” 

“He’s not seeing at all the relationship.” 

“He had a hard time with the blocks.” 

“She doesn’t know how to manipulate the numbers.” 

“She didn’t know what to do with it.” 

“He got stuck.”  

Many of the interpretations included variations of the theme “does not know” without 

stating the specifics of the mathematical understandings the children did not know yet.  

Absent were comments or interpretations of what the child did understand or know and 

what it could indicate about what a child could do. 

 Two categories of particular interest are the teacher’s interpretations of children’s 

number sense and interpreting the effects of problem structures on children’s problem 

solving strategies. Though a small portion of the instances of interpretation, 5 and 8 
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instances respectively, presence of these categories indicate that teachers did notice some 

aspects of understanding the progression of children’s mathematical strategies and the 

implications of problem type structures to children’s problem solving strategies. It is also 

important to note that of these two categories, Ms. Ambers made 77% of the instances of 

interpretation.  The first task of week 1 of the small groups was a Join Change Unknown 

problem about buying video games5. (See Appendix C, Week 1, Task 1) Ms. Ambers 

made the following interpretation of her student Leo’s struggles with this problem and 

what it meant about her student’s mathematical understanding: 

I think that's something that my kids don't really have and that's like an algebraic 
way of thinking. It's 39 plus you know question mark, box, variable equals. 
Whatever. And I don't think, I think that format, so I guess that's what I'm taking 
away from the first week, just by it sort of being an emotional disaster6 is that this 
format of problems is something that my kids weren't used to seeing. And that the 
ones that, I think, are a little more fluent computationally could do it as a 
subtraction problem. 

Ms. Ambers is capturing the difference in her student’s use of either addition or 

subtraction strategies as proof of her student’s mathematical understanding.  This 

discussion led to a count by the other two teachers of who solved this problem via an 

addition strategy and who solved it via a subtraction strategy.  Further analysis of these 

two categories of interpretations will be discussed in the following chapter. 

                                                
5 The number sentence to represent the action in a Join Change Unknown problem would be 39 + __ = 78.  
This type of problem may be problematic for students who solve problems by directly modeling the action 
in the problem. 
6 The emotional disaster that Ms. Ambers refers to is when one of her students, Leo, became frustrated at 
being asked to solve this problem with a second strategy and broke down crying.  His breakdown was 
compounded by reasons outside the small group. 
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Small Group Interpretations 

  The final categories of interpretations are those instances in which the teachers 

made interpretations of children’s mathematical understandings in the small group 

setting. Thus, instead of focusing in on children’s individual strategies, the teachers 

began to offer interpretations of what engaging the group in problem solving.  These 

instances of interpretations focused on two aspects that stemmed from the noticing of 

engaging children in problem solving, 1) comparing the connections between students’ 

strategies and 2) interpreting how children made sense of discussing strategies in small 

groups.  These interpretations accounted for 14% of the total types of interpretations and 

further broken down in Table 4.8. I began the fifth TSG by requesting that the videos we 

focus on are only on the discussions of student strategy sharing.  The focus on the 

discussions occurring in the small groups, which primarily occurred in TSG 5 and TSG 6, 

are complemented by the fact that 17 of these 23 instances of interpretations occurred in 

these two TSGs as well.  

 

Table 4.8 Teachers Small Group Interpretations of Children’s Understandings 

Interpretations Levels of Evidence Number of 
Instances 

Totals 

Connections between Children’s 
Strategies 

Lack of evidence 3  
9 Limited 4 

Robust 2 
Making sense of strategies 
through discussion 

Lack of Evidence 8  
14 Limited 4 

Robust 2 
    

Total  
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There were also three levels to the evidence teachers provided when they 

interpreted children’s understandings in the small groups.  Lack of evidence in either 

category was highlighted by phrases that indicated a connection or making sense with no 

reference or details to why that interpretation was made. 

“I think they understood each other’s methods.” 

“Mercedes understood it too.” 

“Monica and Domingo connected.” 

“Those three strategies connect.” 

In TSGs when teachers had transcripts of the small group sessions available, I would 

often ask the teachers to find where they gained these interpretations as proof of 

children’s understandings. Teachers would point to students repeating each other’s 

strategies as proof of understanding. For example, teachers watched video of Ms. 

Ambers’ small group discussing the second task from Week 6, a Separate Change 

Unknown7 problem about money. (See Appendix C, Week 6, Task 2.)  After watching 

the video of the students and Ms. Ambers discussing the strategies to solve the problem, 

Ms. Quiroz made the following interpretation: 

It seems like they got the concept. Like Leo said the same thing too. Like it seems 
that they saw the connection between the two problems. That they see, I think that 
they can picture the problem in their head because they keep saying the middle. 

To Ms. Quiroz, because the students were repeating the phrase “in the middle”, it 

indicated that students understood the problem structure of the money problem.  This 

interpretation was labeled as limited and is an example of other noticings made by the 

teachers.   

                                                
7 The number sentence to represent the action in a Separate Change Unknown problem would be 108 - __= 
19.  This type of problem may be problematic for students who solve problems by directly modeling the 
action in the problem. 
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The different levels of evidence for interpreting student’s mathematical thinking 

were also apparent when teachers would analyze student work in the notebooks.  In the 

fifth TSG, before showing video of Ms. Flores Week 7 small group session, I asked her if 

she had an idea of how she planned to lead the discussion of student strategies before she 

had students share their strategies.  She did not so I suggested we begin by putting 

comparing the students’ strategies and placing them in order of efficiency. A discussion 

ensues in which the teachers are attending to and interpreting student's mathematical 

strategies for the multiplication problem about 11 pieces of gum at 6 cents each. 

(Appendix C: Week 7, Task 1)  

Initially, the focus is on who has written 6 x 11 = 66 as a means of deciding the 

most efficient strategy. Teachers are interpreting this strategy to be the most efficient 

based on limited evidence of children’s number sense.  But then the teachers realized that 

for the students who had written this number sentence it was not necessarily the first 

strategy they had tried.  Samuel's strategy is then deemed the most efficient (Figure 4. 7) 

since his first strategy was just to know the answer, and it is determined that he drew the 

matrix of squares to fill time.  Ms. Flores commented on "Mireya trying to be an artist." 

and explained that Mireya had started counting by sixes and then miscounted. So Ms. 

Flores told her to go back and correct her count.  (Figure 4.8)  Ms. Flores determined 

Mireya's strategy was second in efficiency.  Ms. Ambers commented on the 

"sophisticated" strategy that Lisa employed of decomposing 6 into 5 and 1.  This robust 

interpretation highlighted the understanding of what number decomposition means for a 

student’s number sense.  (Figure 4.9)  Lorenzo's strategy was next in sophistication since 

he had to draw every single penny. (Figure 4.10) There was confusion as to which was 

his real strategy, counting out as he drew groups of tally marks or if he drew a box and 

then put 6 tally marks inside. Finally, although Barbara's strategy looked similar to Lisa's  
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Figure 4.7 Samuel's strategy 

 

 

Figure 4.8 Mireya's strategy 
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Figure 4.9 Lisa's strategy 

 

 

Figure 4.10 Lorenzo's strategy 
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 Figure 4.11 Barbara's strategy 

strategy, it was determined that Barbara had not had enough time to count out to 66 and 

had merely copied the answer from someone else, thus limited evidence. (Figure 4.11)  

This episode of strategy comparisons was the first time the teachers looked at a set of 

student work in order to determine levels of efficiency.  It set the norm for how to look at 

student work for the rest of that TSG and the final TSG.  Teacher noticing in these two 

categories highlight how teachers navigate the routines of practice of engaging children 

in problem solving. These two categories will be further discussed in the discussion 

chapter. 

 The results of analyzing how teachers interpreted children’s mathematical 

understandings comprised 42% of all the instances of noticing documented for this study.  

The noticing skill of interpreting proved to be complex and required taking a step back 

and considering further analysis of not only what teachers interpreted but what they 
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focused on to interpret. As shown in each of the three categories of interpretations, 

evaluative, individual students, and small group, one trend continuously emerged as what 

teachers chose to interpret: instances when children struggled or had incorrect responses.  

The interpretations that had stronger influences of teacher’s understandings of children’s 

mathematical understanding were those in the individual interpretations category. There 

were more instances of interpretation in cases of teachers looking at individual student 

understandings as compared to interpreting the understandings of engaging a group of 

children in problem solving.  The ways in which teachers interpreted a group of student’s 

understandings mirrored those of interpreting an individual student’s understanding.  

These instances of interpretation will help provide a clearer understanding of what 

teachers interpreted about engaging children in problem solving. 

 

Deciding How to Respond on the Basis of Children’s Understanding 

The analysis of data illustrated that the instances in which teachers decided how 

to respond on the basis of children’s understandings did not occur as often as other 

noticing skills. Only 10% of the noticing instances documented were coded as Deciding 

How to Respond. As with the some of the instances with interpretation data, there was 

also a clear result as to when the teachers decided how to respond. (Table 4.9) Under the 

category of Specific activity/teacher move to help a struggling student, half of the 16 

instances of noticings occurred with decisions to help the three students Ms. Flores, Ms. 

Quiroz and Ms. Ambers felt were their “lowest” students. Examples of how to help these 

students were usually specific steps the teachers could take to ease the problem solving 

such as writing the number sentence for the student or giving the student specific 

manipulatives to solve the problem.  Other decisions in this category included lowering 
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the numbers in the problems and changing the name of the person in the problem to that 

of the struggling student.  These are all examples of limited evidence of Deciding How to 

Respond so there was no need to further evaluate teachers’ noticings. 

 

Table 4.9 Deciding on How to Respond 

Categories of Deciding How to Respond Number of 
Instances 

Teacher move based on other teachers’ 
small groups 
 

 
4 

Specific activity/teacher move to help 
struggling student 
 

 
16 

Teacher move to facilitate discussion in 
small group 
 

 
8 

Teacher move to guide student toward 
more efficient strategies 
 

 
10 

  
Total 38 

 

The other instances of decisions noticings were related to helping students move 

towards more efficient strategies or trying a teacher move seen on video in their next 

small group.  The decisions were related to specific teacher moves such as asking specific 

questions, providing specific tools, annotating onto student’s written strategies, 

facilitating discussion, or deciding how to introduce a problem. These decisions occurred 

over the course of the TSGs and were related to ongoing questions that teachers had 

about what it meant to engage children in problem solving. For example, at the beginning 
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of the third TSG, Ms. Ambers started at the very beginning of the study group by 

bringing up a different component of her concerns.  She states: 

I guess a big question that I have now is that, like I feel more comfortable with 
each individual session each week.  But I don’t know how to, or to what extent  
like the tasks should link to each other and to what extent we should be having 
like a conversation that builds upon the previous weeks. […] Are we trying to 
make connections between the previous week or is it more just about like figuring 
out that problem?  

Ms. Ambers was beginning to question the focus of the discussion of the small group.  

Her students had not made the connection between a Separate Change Unknown problem 

they solved in the first week of the small group, and a Separate Change Unknown 

problem about ducks on a lake in the third week of the small group.  She expressed her 

concern that no one reflected on problems they had previously solved in the small group.  

She also expressed concern about students only using the same strategy, the traditional 

algorithm, from week to week.   

 Then teachers viewed video from the third week of Ms. Quiroz’ small group.  The 

Task Review sheet for that week encouraged teachers to begin by asking their students to 

estimate an answer to the question before beginning8.  So Ms. Quiroz began by taking 

away her student’s pens so that they would first listen to and discuss the problem. (See 

Appendix C: Week 3, Task 1)   She read the problem and went sentence-by-sentence 

asking her students to tell her what was happening.  (See Appendix E: Translated 

Transcript)  She added some sound effects to signify the ducks being scared away and 

flying away.  She then went on to ask students to think about an estimate to the problem.  

A discussion ensued about estimating an answer.  Her student Yessenia estimated the 

solution mentally by changing the numbers to the nearest ten and subtracting. 
                                                
8 Task Review sheets were written for the teachers for each small group to help them consider 
mathematical strategies that their students might solve, or questions they might pose to deepen children’s 
mathematical understandings. For an example see Appendix C 
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After reading the transcript and watching the video of this small group session, 

Ms. Ambers shared “I think that I’ll change the way that I talk about estimation now, 

from reading yours.” Ms. Flores reflected further what she had observed on both Ms. 

Ambers’ and Ms. Quiroz’ videos and transcripts. She shared “Both of you all talked 

about [your problems] in the beginning. I’m just like, tape. Work.”  Ms. Ambers and Ms. 

Flores both exclaimed that they liked that Ms. Quiroz had initially taken away the 

student’s pens in order to require them think and not start working in their notebooks.  

 For their TSG reflection both Ms. Ambers and Ms. Flores reflected on changes to 

the way they introduced problems. Ms. Ambers wrote: 

I’d like to implement some of what I saw Belen [Quiroz] do in terms of talking 
about estimations more at length and without pens.  Talking about strategies. 

Ms. Flores wrote: 

Learn how to introduce the problem at the beginning.  Discuss the possibilities 
and then let the students think about their outcomes.  After they have an idea let 
them begin to work.  

 

Both Ms. Ambers and Ms. Flores expressed their intent of a new way of introducing 

problems.  Transcript of Ms. Ambers’ next video taped lesson reveals the influence of 

Ms. Quiroz’ estimations introduction in how she introduced the Week 6, Task 1 problem 

about money to buy a video game. After encouraging her students to go back and re-read 

and discuss strategies to the Week 3, Task 1 problem, she began to talk about the 

estimation by saying the following: 

Now I’m going to talk to you a little bit about estimation. Ms. Quiroz does a 
really good job of this. When you're trying to estimate in your head, it can be 
really, really hard if you use the same numbers in the problem. Like it's even hard 
for me and I bet it might even be hard for Ms. Maldonado just in her head without 
doing anything to figure out a problem with a number 108 and 19. Because those 
numbers are not really numbers that we can think of easily and that are easy to 
use. So, Ms. Quiroz was talking to me about a way to do it in your head as an 
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estimation, to make it way, way easier. What about, if instead of thinking of the 
number as 108, we think about a number that's easier to think about and do math 
with that's close to 108. 

 

The similarities between Ms. Ambers introduction to estimating a solution and 

Ms. Quiroz introduction document the attempt at deciding how to respond in the future.  

The next time Ms. Flores is video taped, she introduces the Week 7, Task 1 problem 

multiplication problem in a similar way. She initially has her students go back and look at 

previous problems to compare it to the current one. Then she goes step by step to discuss 

each sentence in the problem with her students. The teachers would not always continue 

to take away pens, ask students to estimate answer to problems, or introduce each 

problem step by step, but this decision signifies an addition to the ways in which they 

now have to start talking about problems with their students. 

Teachers’ post TSG session reflections also indicate a new way of deciding how to 

respond in facilitating discussion and thinking about how to help students move towards 

more efficient strategies. Ms. Quiroz wrote: 

• I really liked how Karina [Flores] manages her group.  I like how she pulls them 

all together at one point and really gets them to spell out what they’re thinking.   

Ms. Flores wrote:  

• Check if the other students know each other’s strategies.   

• Have them, or ate least one, repeat back someone else’s strategy.   

Finally, Ms. Ambers reflected:  

• Ask more specific step by step strategies about their strategies, not just “what did 

you do?” 

• Have more of a ‘game plan’ in mind when students share strategies 

• Make more specific connections between strategies 
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With the emphasis on looking at student work in the sixth TSG, the teachers also 

began to focus on when and how to help students who were struggling or had inefficient 

strategies. The teachers were commenting on students who stuck with using the same 

strategy over and over, regardless of whether it made sense for the problem or not. 

Lorenzo’s strategy was discussed, as was his penchant for drawing tally marks. (add table 

number) Ms. Ambers compares him to Leo from her class and his penchant for tally 

marks.  I question the teachers about letting Leo continue to use tally marks to solve 

problems and ask “Is it okay? Is it fine to leave him there? If he really loves the tally 

marks? Or do we want to help move him? And if so, how does that happen?”  Ms. Flores 

replies that he’ll leave that strategy behind when he’s ready to do so. Ms. Quiroz replies 

that he’s learn a different strategy and become comfortable with that one. Ms. Ambers 

makes a deeper connection to the amount of time students need to make sense of and 

acquire new strategies.  

I was going to say, that’s what I guess I’m seeing. It is that like them seeing 
somebody else’s strategy one or two times like, isn’t enough.  Like that’s not 
enough for them to start doing it by themselves, for most kids. 

Engaging children in problem solving had started to give Ms. Ambers new perspective 

that children’s understanding took time to develop and it required repeated opportunities 

to see different strategies. Ms. Ambers went on to point out how she had helped Leo 

annotate a strategy with Week 9, Task 1 (Figure 4.12) and how he used the same strategy 

on a similar problem the following week with Week 10, Task 2. (Figure 4.13) 

 Leo also added 6s. But he, um. (See Figure 4. 13) Does this that I had 
shown him the week before. (Figure 4.12) Of like keeping track of how many 6s 
he’s adding.  Because he, both in the problem solving interview and in the 
previous week has gotten thrown off when he’s added to many 6s.  You know, 
one too many of the number or one less.  So he annotated each one here by how 
many.  And that’s something that I had actually done in his notebook for him the 
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week before.  So I felt a little mixed about it, but he obviously felt like it helped 
him. 

Leo attempted to solve a multiplication problem of 15 groups of 6 by repeated addition as 

shown in Figure 4.12.  Ms. Ambers had him write down a number next to each 6 in order 

to help him keep count of how many 6s he as adding.  In addition, she helped him 

highlight that 5 groups of 6s made 30.   

 

 

Figure 4.12 Leo’s strategy, Week 9, Task 1 
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Figure 4.13 Leo’s strategy, Week 10, Task 2 

 

He used employed a similar strategy the following week with another 

multiplication problem of 25 groups of 6. (Figure 4.13) This time he grouped together 4 

groups of 6s to make 24. He then added a number count to his repeated additions of 24 in 

order to find a total answer.  Although Ms. Ambers felt uncomfortable with this teaching 

practice, Ms. Quiroz tried to reassure her: 

I feel that like at this point, like after we’ve been doing this for 10 weeks, like I 
think that’s okay.  I think, you know, at the beginning we were more hands off. 
But think now that we know how they work a little bit better.  And we’ve seen 
their strategies, like I think it’s okay to go “Why don’t you try this or this?” 

Ms. Quiroz pointed out that perhaps initially teachers should be a little more hesitant to 

jump in on students’ strategies. But once sufficient time and understanding of student’s 

natural strategies have time to emerge, it is then appropriate to pose question that would 

move the student towards more efficient strategies.  



 94 

In the final TSG reflections, all three teachers indicated a desire to continue to 

explore having children compare or discuss multiple strategies. Ms. Quiroz stated: 

It was interesting to look at the whole group’s work and see what they did alike.  
It would have been interesting to do that with the students and see what 
connections they made.  After doing that, I’m still thinking about how to move 
them to the next step.  I want to figure out when they are ready and to push them 
to take those risks.  

Ms. Flores stated: 

• [Take away] Learning and seeing the other students know different strategies 

• Still having other students talk about different strategies 

Ms. Ambers: 

• We were able to “map” efficient strategies (from least to most) for each class 

• Students need some sort of “link” or “ladder” to access more efficient strategies, 

just seeing the most efficient strategy won’t automatically help them. 

• Least efficient -- drawing, tally marks 

• Most efficient -- multiplication equation or separated numbers equation 

While both Ms. Flores and Ms. Quiroz made statements reflective of their continuous 

reflection on discussion in the small group, Ms. Ambers’ action with Leo indicated an 

tentative exploration being a little more explicit in helping students move towards more 

efficient strategies. She made the connection of Leo needing to solve a multiplication 

problem with repeated addition and then recognized that his strategy was going to require 

a lot of recounting in order to ensure he had the correct number of sixes.  Her strategy, 

that of recording the number of groups of 6 that he had just written down was actually not 

only replicated, but extended the following week. Luis made clusters of 24, something he 

had not done the previous week. Then instead of keeping track of the continuous row of 

6, he chunked the 25 groups of 6 into more manageable chunks of 4 groups of 6.  
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 For this study, Deciding how to Respond noticings were in large part based on 

what teachers verbally mentioned as their reasoning for their decision making while 

engaging children in problem solving.  This is perhaps why there were not as many 

noticings. Instead, this section highlights patterns that occurred over the course of the 

TSGs that highlighted how teachers began to consider how to engage children in problem 

solving, and examples from the data that point out that decision making.  

 

Other Concerns 

 When I first began coding my data, the noticings that eventually fell under this 

category were overwhelming. It was initially actually a bit challenging to separate these 

noticings out from those that were presented in the preceding sections. Even when only 

analyzing the sections of transcripts in which teachers solely focused on discussing 

engaging children in problem solving, these noticings still appeared.  As presented in 

Table 4.1, these noticings account for 27% of the total instances of noticing, thus 

meriting a deeper look. After initially putting these noticings in the “other” category, with 

analysis, important themes emerged that also paint a picture of understanding what 

teachers notice about the act of engaging children in problem solving alongside what 

they notice that is mathematically relevant about their student’s understandings. Again, 

the items coded under this category can be defined as Other Concerns not grounded in 

children’s mathematical thinking, a requirement for professional noticing of children’s 

mathematical thinking. Five overarching themes appear in this category and are presented 

in Table 4.10.  

Several topics recurred throughout the instances of Other Concerns noticings. 

Regardless of whether teachers were considering instances in which they worked one on  
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Table 4.10 Other Concerns  

Types of Other Concerns  Examples of Noticings Number of 
Instances 

Working one on one with a 
student 

Issues of time management, how to help 
struggling students, how directive should 
teachers be, what to do with struggling 
students 

 
36 

Working with a group of 
students 

Issues of time management, interpreting 
when/if discussion is beneficial, management 
of different mathematical levels, 
understanding priorites and procedures of 
routines of practice 

 
29 

Feelings about doing 
mathematics 

Comments about how students feel or 
interpret feelings about doing mathematics 
 

 
6 

What happens if? scenarios Time management, managing student strategy 
sharing, unexpected student reponses 
 

 
11 

How am I doing? Reflection on the role of the teacher as 
manager, facilitator, reconsideration of 
decisions 
 

 
20 

   
Total 102 

 

one with a student, or facilitated discussion among the small group, much of what the 

teachers noticed about the problem solving groups dealt with the routine of problem 

solving.  Teachers expressed a request for further information on the “order” of what to 

do with the small groups. Ms. Ambers made the following observations after watching 

video in two separate study groups: 

But, I guess I want more like specifics, like that, so that when I sit down to do a 
group, I can be like, right, like, these are exact steps or moves that I'm going to 
follow. 

Well I think, that's, I think that's why for us as teachers that is what makes this 
group so hard, because you can't just like, like we're used to having like a lesson 
plan and you like do like A, B, C, and D and then you're done. But here, if you 
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like ask a question, and they don't get it, it takes like a lot of mental effort to be 
like okay, like, go to my zen place.  What are they not getting? Like, what all, like 
very quickly, you know?  

 

Ms. Flores and Ms. Quiroz nodded their head and murmured consent with Ms. Ambers’ 

observations.  Noticings about the specific order of what to do continued to arise 

throughout the TSGs.  As teachers discussed working with individual students or groups 

of students, time management was a topic they frequently noticed.  Teachers questioned 

balancing the needs of the different levels of students and how much one on one time was 

given to a certain student while perhaps ignoring the rest of the group.  The teachers 

watched a video of Ms. Ambers focusing attention on Carlos, a student she considered a 

struggling student, and the discussion that took place in the small group about Carlos’ 

strategy. Carlos had made an error on a traditional subtraction algorithm of 50 – 36 and 

subtracted the 6 from the 0 to get an answer of 26.  

Again, I'm torn about this because obviously he took the bulk of the time. And 
again, it continued like this for the rest of the session, too. But at the end, like, we 
had a good conversation about how he had done it the first time where he said 6 
minus 0 and got 6 instead of 0 minus 6 and regrouping. Like, and the other kids 
all worked together to tell him what he had done. And then he tried it that other 
way and said well why am I still getting the same answer. So I mean, he, 
provoked a lot of good discussion from the other kids. But I feel like, I mean the 
discussion that he provoked, like the quality of the discussion was good but it was 
stuff that they already knew, for the most part, how to do. I guess, I guess it was 
still like, I just don't want it to be like we had this great discussion, but it was only 
helpful to Carlos because he was the one who was confused. 

Ms. Ambers viewed the discussion as helpful only to Carlos, but still felt that 

other students did not need that particular discussion about regrouping with the 

subtraction algorithm.  Ms. Quiroz concurred with Ms. Ambers and mentioned she had 

the same question about the time she spent with Omar, the student Ms. Quiroz considered 

her struggling student. She stated of her experience: 
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I can picture me and Omar doing that exact same conversation, and the rest of 
them, I feel like I tend to ignore the rest of them because we’re having that one on 
one working with different numbers.  

A similar tension about balancing time spent with students also occurred when teachers 

focused on discussing the mathematical strategies of the students they considered their 

“high” students.  Ms. Flores noted the difficulty in knowing when to move on and how to 

address the needs or mathematical strategies of the students who easily completed tasks 

versus those who did not. 

 
Ms. F: Like, if somebody is not getting it, do I sit there and struggle with them?  

 
Ms. A: That's a good one 

 
Ms. F:  Or do, when, when is the stopping point for me to be like, okay. It's not  

working, it's not happening. I just need to move on and, like sometimes I 
let Samuel work ahead. And then he works ahead and finishes the next 
problem and he's done with the second problem. And then I change the 
numbers and I’m still on the first problem and he's done with the, this 
modified second problem.  

 
Ms. A: And just sitting there, yeah. 
 
Ms. F: So I don't when to stop with this non-work, you know just, I don't know  

when to move on.  

Ms. Quiroz and Ms. Ambers both noted difficulties in knowing whom to focus on during 

the course of the small group.  The teachers were concerned with balancing equal time 

and equal benefit to all students of the small group and seemed to focus on amount of 

time spent on a student’s strategy as an indicator of balance.   

 Similar to their concerns on working with individual students or the small group, 

the teachers often noted, “What happens if?” scenarios that they contended with when 

engaging children in problem solving.  These were themes in the other concerns that 

teachers noticed while engaging children in problem solving. 
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• What happens if a student gets the wrong answer? 

• What happens if a student gets the right answer quickly? 

• What happens if the students all use the same strategy? 

• What happens if the students use the same strategy week after week? 

• What happens if I tell the students how to write the number sentence first? 

• What happens if we spend all our time finding the right answer and don’t 

have time to share strategies?  

These examples highlight the contending Other Concerns about the flow of the problem 

solving session with a focus on correctness. These statements were not considered 

mathematical in nature because teachers were not basing their noticings on the 

mathematical thinking of their students, but rather on the outcomes of their strategies. 

 Finally, one of the Other Concerns, which appeared throughout this category, was 

indecision about the benefits of discussing student strategies in a small group.  A 

reoccurring noticing about videos and transcripts shown in the TSGs that focused on 

small group discussions of student strategies dealt with the perceived benefit of the 

discussion to the participating students. Again, the dichotomy was often posed in 

reference to the “low” versus the “high”.  In the following example, Ms. Quiroz 

expressed the following concern about what a “low” student would benefit from in a 

discussion if he didn’t have the same numbers in the word problem as everyone else. 

 
Ms. Q: What I wonder about is Omar. He's working with different numbers. So  

like, when the other kids explain the strategies, like, it's not useful for him 
because he's not working with the same numbers. 

 
Ms. A: He doesn't see it as being the same 

 
Ms. Q: He doesn't like, you know, that would be like my number? 
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LM: < to Ms. F> Do you see that with Barbara?  
 

Ms. Q: So that's kind of tricky for me. Like, I don't think Omar's getting anything  
out of like, watching anybody else.  

 
LM: Do you think it would be helpful to have others listen to his explanation and  

have them try to make the connections? 
 

Ms. Q: Well, yeah, because then he'd be explaining it. And I think when you're  
explaining, or when you teach things, you get it more. So yeah. That's an 
option. That's a good idea. 

This is transcript is a reversal from the transcript of Ms. Ambers grappling with working 

one on one with her “struggling” student Carlos.  In the previous transcript, the dilemma 

was about the benefit of discussing Carlos strategy in small group.  In this example, the 

dilemma was about the benefit to Omar in listening to other students’ strategies when the 

problem he solved included different, often lower numbers than the others.  It’s important 

to note that this example, with Ms. Quiroz, followed in a different TSG than the example 

with Ms. Ambers and her concerns about Carlos.  Thus there was back and forth about 

the benefit of discussion to students in regards to their perceived mathematical take 

aways from either listening to or participating in such discussions.  Several examples 

such as the one provided here could be found in all the TSGs.   

As Ms. Quiroz questioned early on in the study, “My question is who do you 

focus on? Do you focus on the kid with the great strategy? Or do you focus on the kid 

that doesn't get it at all?”  Her question here, made in reference to discussing video of Ms. 

Ambers’ small group, reflected an underlying question in many of the Other Concerns 

documented.  The amount of time spent, if teachers are saying the “right” thing, wanting 

a specific format or routine to follow are indicative of what else teachers notice about 

facilitating children’s problem solving.  These concerns, which often seemed tangential 

to focusing on children’s mathematical understanding, appear with enough frequency that 
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it will be important to deconstruct how these noticings impact what teachers notice about 

engaging children in problem solving. 

 

Summary 

 Documenting the noticing of children’s mathematical skills when engaging 

children in problem solving requires identifying the instances in which teachers attend to 

children’s strategies, interpret children’s mathematical understandings, and decide how to 

respond to children’s mathematical understandings.  The data shows instances in which 

the three bilingual teachers noticed children’s mathematical thinking often reflected a 

need to understand the correctness of a student’s answer or concern with helping students 

find success in problem solving by attaining a correct answer.  While the majority of the 

instances of attending and interpreting were often considered to provided little evidence 

of focusing on children’s mathematical understanding and considered basic or surface 

level noticings, there were instances in which robust understandings of children’s 

mathematical understanding took place. Of the three noticing skills, the overarching 

noticing skill the three bilingual teachers used was that of interpreting children’s 

mathematical thinking.  There were differences in the instances of interpretations that 

occurred, with the most interesting finding being the difference in interpretations of one 

on one interactions versus small group interactions. However, even though there were a 

smaller number of small group interaction interpretations, it signifies that there is a 

difference between what it means to notice when working with individual students as 

compared to a group of students.  Instances in which teachers decided how to respond to 

children’s mathematical understandings were also primarily concerned with the 

correctness of a strategy or helping a student attain a correct answer. Teachers would, in 
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the course of observing and reflecting in the TSGs, comment on how they would like to 

respond to particular events while engaging children in problem solving. Other Concerns 

were documented as being concerns teachers grappled with in the course of engaging 

children in problem solving. The most common artifact of practice used in attending, 

responding and deciding how to respond was looking at the student notebook. Recall, or 

basing noticings on memory of engaging children in problem solving, was the most 

common artifact of practice for the Other Concerns. The implication of these findings 

will be further discussed in the next chapter. 

 

WHAT TEACHERS NOTICE ABOUT THEIR STUDENTS’ ENGLISH LANGUAGE 
ACQUISITION AND MATHEMATICS LEARNING 

One of the goals of the purpose of the TSGs, expressed by both teachers and 

myself, was to attempt to understand the role of English language acquisition when 

engaging children in problem solving.  As mentioned in the methods chapters, student 

selections for participation in the small group include inclusion of students at different 

English language proficiencies.   The study school primarily follows a transitional 

program of bilingual education. However, as I stated I discovered in the pre-study stages 

as I got to know the participating teachers and their students, the third grade teachers at 

this school had decided that the language of instruction of mathematics would be to teach 

in Spanish two days a week and teach in English the three remaining days9. It was agreed 

that the language of instruction for the small group would be Spanish with decisions to be 

made along the way about switching to English.   

                                                
9 The reason for this decision was due to the mixed number of students who would take the mathematics 
standardized test, TAKS, given in April of 3rd grade, in either English or Spanish. 
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Ms. Ambers brought up the question of language of instruction at the beginning of 

the third TSG. She asked, “You know, my question is, given that we have this diverse 

group of language abilities, like how are we going to move their mathematical 

understanding in English?” A decision was made that Ms. Ambers would conduct her 

next videotaped small group with English as the language of instruction.  Table 4.11 

explains the language of instruction for each of the videotaped small group sessions.  

It is important to highlight that the language of instruction for Ms. Flores small 

group sessions was balanced fairly evenly between English and Spanish.  Transcripts of 

the small group sessions, either the complete session or selected parts, were provided to 

teachers at each of the TSGs.  Video of Ms. Ambers Week 6 small group session was 

discussed at TSG 4. Ms. Quiroz subsequently decided to conduct her next small group in  

Table 4.11 Language of Instruction Observed for each Videotaped Small Group Sessions 

Small 
Group 
Session 

 
Ms. 

Ambers 

 
Ms. Flores 

 
Ms. 

Quiroz 
Week 1    
Week 2 Spanish Both  
Week 3   Spanish 
Week 4 Spanish Both  
Week 5   Both 
Week 6 English   
Week 7  Both  
Week 8   English 
Week 9    
Week 10 Spanish Both Both 

 

Week 8 in English.  In general, however, conversations about language acquisition and 

the connections to mathematics learning were not the main focus of the TSGs.  A few 
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instances of comments or observations were made in each study group in the course of 

discussing children’s mathematical understandings. What follows is a description of what 

teachers noticed about their student’s language acquisition and mathematics learning, 

noticed about themselves and language use over the course of the study, interpretations 

teachers made about what they observed occurring in their small groups, and concerns 

about standardized testing that permeated discussions about the relationship between 

English language acquisition and mathematics learning.   

 

What Teachers Noticed about Their Students 

  Analysis of the transcripts of the small group sessions afforded teachers an 

opportunity to recall the language spoken throughout the small group. The instances that 

teachers noticed usually fell into one of three types of instances. Teachers would notice 

and point out instances in which teachers spoke to students in English, and which student 

would reply or continue the conversation in English. For example, Ms. Quiroz noted that 

both Monica and Julia would reply to her in English when she spoke in English.  

Teachers would notice and point out instances in which students would always respond in 

Spanish, regardless of the language of instruction. Ms. Ambers noted this about her 

students Leo and Mercedes and Ms. Flores noted this about her student Samuel.  Finally, 

teachers noticed perceived emotions to student’s explaining their thinking in English. The 

words “nervous”, “self-conscious”, “hesitant” and “struggling” were used to describe 

how students felt about sharing their thinking in English.  The only exception noted was 

Angelica, who Ms. Ambers described as “motivated” to learn English as soon as possible 

due to her desires to transfer to a KIPP charter school at the end of 5th grade.   
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There was only one instance in which a teacher commented on the use of a 

student using awkward mathematics vocabulary to explain their thinking in English.  

While looking over a transcript for Ms. Quiroz small group session for Week 5, the Ms. 

Omar noticed that Omar kept explaining his strategy as division even though he had 

solved the problem with addition.  

 
Ms. A: They all have a lot of trouble, I feel like in general, coming up with the  

word ‘addition’ in English. So maybe that's something that if we think 
about moving more into English we need to do something to kind of 
support them. Because even Angelica says ‘summing them’. Which, I 
mean, I know what she means, but that's not- 

 
LM: She says ‘summing’ instead of ‘sum’ 

 
Ms. A: Yeah, and that's very consistent for her. And I feel like most kids, if  

they're even talking in English in the first place like the vocabulary is 
tricky for them. 

 

The discussion returned to the transcript of the small group session and Ms. 

Amber’s suggestion to think about how to support their students did not come up again.  

English mistakes that Spanish dominant students made, if they occurred in the video or 

transcripts, were often met with laughter and amusement. For example, while watching a 

video clip of Ms. Quiroz students sharing strategies, Domingo’s expression in attempting 

to say ‘division’, but which came out instead as ‘dividision”, was met with laughter and a 

“How cute!”.  Specific teacher moves, such as taking opportunities to talk about 

mathematics cognates when sharing mathematics thinking to encourage and develop 

English language acquisition, were never discussed.  This is an important finding for 

reflecting on the content preparation of teachers of English Learners and will be further 

discussed in next chapter. 
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What Teachers Noticed about Themselves 

  When looking over transcripts or watching video of small group sessions, 

teachers mainly noticed aspects of their own language choice and use of English and 

Spanish to facilitating a small group.  Teachers noted the way they would “flip-flop” 

between languages when speaking to one child or when facilitating discussion about 

strategies. All three of the teachers noticed an instance or two in which they code-

switched back and forth throughout their small group sessions.10   Initially, two of the 

teachers commented that a compelling reason for them to use English as the language of 

instruction was in order to feel more “comfortable”.  Ms. Ambers wondered if her 

facilitation would improve if she conducted the small group in English.  Ms. Quiroz 

explained that she felt she would be able to explain herself better in English.  Subsequent 

analysis of their transcripts of conducting small groups in English, however, made them 

reconsider facilitating the small groups in English.  Ms. Ambers reflected: 

I’m fine with maybe going back to Spanish; I just wanted to at least have done 
both so that experimentally we can see what was different about having done 
both. But I, yeah, I don't necessarily feel that it's the best thing. Like I might want 
to go back to Spanish now, having done both.   

 
She continues later in that same TSG: 
 

Ms. A: And I wanted to just share too that I actually don't feel, like from looking  
at my transcripts in English and then Spanish, I make the same sort of 
mistakes in English that I make in Spanish. 

 
Ms. Q: Very true! 

 
Ms. A: And I wasn't aware of them. I guess because, I'm not listening to myself  

                                                
10 Code-switching is generally defined as using both English and Spanish in the same sentence and is 
considered a part of language adaptation(Ovando & Collier, 1985).  Ms. Flores, for example, noted when 
she said, “Hace ratito me estabas diciendo que empezaste con 36, right?” 
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with that extra filter or something. So I don't actually feel like I do that 
much of a better job in English than I did in Spanish. I just feel better 
about it. Um, so that was an interesting <laughs> observation to me. 

 

Ms. Ambers did not get pressed for further clarification on the errors she felt she was 

committing both in English and in Spanish, and the conversation continued onto 

interpreting their students’ language acquisition.  Ms. Ambers did go back to facilitating 

the next small group in Spanish.   

As a reflection after the TSG in which video of Ms. Ambers small group was 

conducted in English, Ms. Quiroz noted the following in her TSG reflection as to what 

she’d like to try and work on in the next two weeks. She noted: 

I want to try speaking in all English. Like Gwen [Ambers] I wonder if I would be 
more effective.  I feel like it might be less confusing for them. 

When remind of her reflection at the next TSG, Ms. Quiroz continued to reflect: 

The only thing that’s been bugging me about that, I feel like I’m more effective in 
English.  But I think that like, Monica in particular feels pressure to like speak to 
me in English and I don’t think she’s fully explaining what she wants to say 
because she’s struggling to find those words. 

Ms. Quiroz echoes Ms. Ambers’ sentiment that speaking in English might be setting 

unspoken norms that the students feel they need to follow.11  

The lack of instances in which teachers discussed their facilitating in English 

versus Spanish reflects the lack of discussion of what exactly it means to learn English 

and mathematics at the same time.  The following section details some of the few 

conversations about the interpretations teachers had regarding English language 

acquisition and mathematics learning. 

                                                
11 In the small group sessions where Ms. Ambers’ and Ms. Quiroz were videotaped when English was the 
language of instruction, both teachers started the session by assuring their students that even though (the 
teachers) were going to be speaking in English, the students should feel free to choose whatever language 
they wanted to express their ideas and questions. 
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What Teachers Interpreted about their Students’ English Language Acquisition and 
Mathematics Learning 

 Just as the teachers often provided lack of evidence that their interpretations of 

student’s mathematical understanding were based on mathematical reasons, teachers 

interpretations of student’s understanding English or what it meant that language 

acquisition was occurring also lacked substantial detail.  Ms. Quiroz was asked to clarify 

her thinking when she commented that she thought that Ms. Ambers’ students had “got 

it” while conducting a discussion about students’ strategies. 
 

LM: So just to be very specific. When you say ‘I think all of them got it’, like  
when she, when you speak in English, what are examples that you're going 
to be on the lookout for, for saying, okay this kid got it when I spoke in 
English?  

 
Ms. Q: Well, I think, like when we're having the discussions and like they're  

answering back, are they answering what you want to hear? When they're 
showing their strategies like in their books are they like, showing what 
you talked about, and if they're not then I think they're not getting what 
you were saying.  Or because they were answering the questions that she 
was asking in English, even though they were answering back in Spanish 
they were answering what she had asked.  

Essentially Ms. Quiroz was assuming that if a student followed along with her questions 

in English and was able to follow instructions in English or reply to questions in English, 

then students were comprehending English. But no connection was made to how 

speaking to students in English meant students were acquiring English.  Ms. Ambers 

further pointed out a dilemma that they face: 

I do think it becomes conflated.  Like, when you do it in Spanish, if they don’t 
understand, you pretty much know that it’s because of the math.  But when you 
do it in English, and they come up with something different, you don’t know.   
Like, when you, when you’re talking in Spanish, I feel sure that all of them, 
despite my occasional errors, for the most part, understand what I’m saying.  So if 
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they come up with something, like that would not have been a question to me, 
math or English.   

Ms. Ambers points out an expectation of all transitional bilingual classrooms in that the 

focus of instruction is not only mathematics, but also language. Errors made by students 

could have more than just mathematical.  As the findings of this study have shown, the 

teachers were very focused on students who struggled or students who they considered 

“low”.  Conversations with the teachers about language revealed that a competing 

concern was the English language acquisition of their students, in particular those that 

they deemed ready to transition to English.  There were several instances in which Ms. 

Ambers continued to focus on the language of instruction as a perhaps a deterrent from 

students acquiring English.  When on the topic of wanting to experiment using English as 

the language of instruction in the next study group, Ms. Ambers points out: 

Yeah, I think that’s where we’re stuck.  I sort of feel, because we do have these 
groups who are really advanced in English regardless of the math level. And I feel 
that, not that we’re doing them a disservice, but I feel like we want to continue to 
develop their English as we develop their math. 

Just as previous teacher’s conversations focused on questioning how students at different 

mathematical levels benefit from discussion of strategies, along the same lines, Ms. 

Ambers wondered about the benefit from students participating or listening to a 

discussion in Spanish if they were ready to be transitioned into English and should be 

practicing articulating their mathematical thinking in English.  The following discussion 

occurred after Ms. Ambers conceded that her facilitation of the small group discussions 

were relatively the same whether conducted in English or Spanish. 
 

Ms. A: I feel like also, and I feel strongly about this for like kids like Angelica  
and Julia, like we sort of need to be doing both for them. Like it can't just 
be… And that doesn't mean that it has to be one way or the other in this 
group, but I just feel like for them in our classes, like it can't just be the 
math.  
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Ms. Q: Nope 
 

Ms. A: Because they're higher in English already and we picked them for this  
group because they're higher in English. Like is it fair for them to just do 
an English problem, but hear us talk about it in Spanish? Like, it's 
probably not fair for the kids who are doing the Spanish to hear us talk 
about it all in English but then we're not supposed to code switch. So like, 
how do we do? Again that thing where I just feel like we're doing wrong. I 
feel like I’m doing wrong by Angelica if I’m not like, helping her with 
English and math at the same time. And the same thing for like Julia and 
Omar, even though he's so low in math, like, I don't feel like it's right for 
them to just get an English problem and that's all the English language 
development they get. You know? Like I feel that they should get some 
practice talking about their ideas in English as part of becoming more 
orally proficient in English. but then I do feel like some of the other kids 
get lost by the wayside in English. Then, but I feel like the opposite thing 
happens.  

 
Ms. Q: I don't feel like in this group specifically, I don't feel like any of them get  

lost. Like I think Domingo, Yessenia, Monica, they're, you know. I think 
that they understand, they're at the point where they understand English. 
But they're hesitant to speak it. 

 
Ms. A: They're not outputting it yet. Yeah. 

The teachers are interpreting being able to share their thinking in English as the means to 

develop oral English proficiency and worry about the “fairness” of participating in 

discussion where they are listening to strategies in Spanish, or not being able to discuss 

their strategies in English due to the Spanish dominant students then not being able to 

comprehend the strategy the English speaker is sharing.  The teachers’ arguments very 

similarly follow the vein of reasoning for “low” students versus “high” students sharing 

and discussing strategies in discussions.  There is a fear of not being fair to either type of 

student, or feeling like someone will always be left out or not get the full benefit from a 

discussion.  Teachers interpret strategy-sharing time as a means to develop and acquire 

English language proficiency and struggle with facilitating both mathematics learning 

and English acquisition.  
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Concerns about Mathematics Standardized Testing 

As mentioned in the methods chapter, this study occurred in the spring semester 

of the school year, just as third grade teachers all over Texas were preparing their 

students for the TAKS mathematics test given at the end of April. While standardized 

testing contributed to many of the questions teachers had about how to teach mathematics 

more effectively to their students in the first place, and the looming TAKS mathematics 

test put a pause to the study for a couple of weeks, I thus far have not focused so much on 

comments that teachers made about the test when they were not focusing on children’s 

mathematical thinking and understanding. An exception must be made, however, for 

conversations surrounding testing concerns and the students’ English language 

acquisition.  Due to the limited number of instances in which teachers did notice or 

comment on students’ English language acquisition in the course of the TSGs, I was left 

wondering why the teachers felt so pressed to advance their students towards English 

speaker status.  In the last study group, I asked the teachers if they felt pressure to have 

their students speaking in English by the end of third grade.  Ms. Ambers states that there 

was not a systematic agreement in the school district as to how to “get kids into English”. 

Yet in her opinion, there is was district pressure to have bilingual students testing and 

passing the TAKS test in English by fifth grade.  This lack of plan from “year to year” 

resulted in the third grade teachers feeling that they should give their students who are 

“capable of it” a head start. She states, “I do feel like a responsibility to give them a 

longer amount of time to as strategically as possible without any plan in place get them 

into English.”  These statements helped put Ms. Ambers’ previous comments about 
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“disservice” to the advanced English speakers in the larger context of the problems and 

pressures of standardized testing. 

Ms. Quiroz concurred with Ms. Ambers’ statements and added that she felt the 

TAKS tests in Spanish, particularly the test given in fifth grade were “super hard”. She 

wanted her students to transition into English sooner, just so that they would be able to 

take the TAKS test in English in fifth grade, and “have any chance of passing”.  Ms. 

Flores was largely silent during many of the conversations between Ms. Quiroz and Ms. 

Ambers about testing and language.  This might be in part because of her status as a first 

year teacher, and many of the reflections by Ms. Quiroz and Ms. Ambers stemmed from 

years of teaching and contending with standardized testing issues.  However, even she 

mentions language and testing when discussing her attempts to focus on speaking to 

Samuel in English, and his reluctance to speak in English. She shares: 

Yeah. He doesn't like to speak in English. Even his mom has told me. He does not 
like to speak in English. I told him that I was testing him in English for the math 
TAKS and he didn’t like that either. But he made a 70 on the English. I'm like you 
passed! I know you can do it in English. I was like you don't have to speak it to 
me, as long as you understand it and you can pass it. He just, doesn't like to.  

As a first year teacher, Ms. Flores seems to be developing her notions of mathematics 

learning and English language acquisition.  She is not so worried about his speaking in 

English, because he still passes the standardized tests.  This was not the case with her 

student Omar, who was fairly fluent in English, yet struggled in mathematics.  She often 

spoke to Omar exclusively in English, but worried and noticed his struggles in problem 

solving.   
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Summary 

 There was a clear lack of discussion about English language acquisition and 

mathematics learning in the TSGs.  When issues of language were mentioned in the same 

context as speaking and discussing children’s mathematical thinking, teachers noticed the 

language choice that children made and the feelings students had about speaking English.  

There was only one instance in which the teachers discussed the mathematics vocabulary 

issues that the students could encounter when transitioning from Spanish into English.  

Ms. Ambers and Ms. Quiroz used the small group to experiment with the language of 

instruction. They concluded that their facilitation skills were the same regardless of the 

language of instruction.  However, this emphasized another concern, in that they 

interpreted children’s English language acquisition to be dependent on the opportunity 

that these children had to share their mathematical thinking in the small group 

discussions.  Ms. Ambers and Ms. Quiroz expressed the tension that they felt in 

facilitating discussion in one language or another to the detriment to either the advanced 

English or Spanish dominant student.  Compounding the situation was the pressure the 

teachers felt to prepare their students for standardized mathematics testing that would 

occur in two years.  There was no resolution or further discussion on the ways in which to 

teach mathematics while at the same time encouraging English language acquisition. Ms. 

Ambers articulated this unsettlement: 

I think we as bilingual teachers are stuck in this position where we always feel 
like we're doing the wrong thing by somebody. Like either we're hurting the kids 
who could be doing more in English by not doing English. Which is probably not 
true, like we're probably not hurting them, it's just that we're not like, really 
focusing on how we're developing their English. Or we're, you know, going too 
far, too fast in English for the kids who still need Spanish. Like, I don't know, I 
just always feel that way.  Like I'm not doing the right thing for everybody no 
matter what I do. Which is unfortunate. 
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Conclusion 

This chapter presents the findings of working with three bilingual teachers in a 

Teacher Study Group who facilitated weekly small group problem solving sessions.  

Teachers had multiple instances of noticing as it pertains to attending to, interpreting to, 

and deciding how to respond to children’s mathematical understandings.  A common 

theme throughout all the TSGs and the interactions that teachers had with students was 

the concern on the “correct” answer or how to help struggling students. As a result, 

engaging in problem solving required teachers to come to terms with students who were a 

varying English language and mathematical levels.  Another finding was the theme of 

“benefits”. Who does discussion benefit? How does it benefit the English speakers if the 

discussion is in Spanish? How does discussion benefit the student who automatically gets 

his problem numbers lowered when he receives a problem? The teachers repeated 

questioned the benefit of sharing both simple strategies and advance strategies in a small 

group with such “diverse” levels of mathematical knowledge.  Using English language 

was not the main focus of this study, but the results of teachers’ limited conversations 

about language are telling as well. Beyond the focus of being concerned about children’s 

English language proficiency due to testing pressures, teachers didn’t employ any 

specific strategies to teach mathematics in English other than to conduct the Small Group 

in English. Finally, conversations with other teachers about children’s mathematical 

thinking offered concrete examples for teachers of the practices inherent in engaging 

children in problem solving.  Teachers made small steps towards new facilitation 

practices, but were able to start connecting student’s strategies. Implications of these 

findings are discussed in the following chapter.  
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Chapter 5: Discussion and Conclusion 

 
To exist humanly is to name the world, to change it. Once named,  
the world in its turn reappears to the namers as a problem and requires  
of them a new naming. Human beings are not built in silence, but in  
word, in work, in action-reflection. (Freire, 1970, 1993, p. 88)   

 

The purpose of this study was to understand children’s mathematics problem 

solving through the bilingual teacher’s lens.  I began this study with two questions: (a) 

what do teachers notice about engaging their children in problem solving, and (b) What 

do teachers notice about their children’s English language acquisition and the learning of 

mathematics when facilitating small group discussions as they engage children in 

discussions of problem solving.  In this chapter I will present and discuss the findings and 

implications of these questions through three overarching themes: noticing of the 

individual or the group, negotiating what it means to engage children in problem solving, 

and issues with teaching mathematics and teaching for English language acquisition.  I 

conclude with recommendations for future research and final comments.  

 

TEACHING MATHEMATICS AND TEACHING FOR ENGLISH LANGUAGE ACQUISITION 

  The original literature of the construct of professional noticing of children’s 

mathematical thinking was based on studies of teachers’ noticing about either a nine 

minute lesson of a class of young children or a one on one interview with a child (Jacobs 

et al., 2010; 2011).   I applied this construct of noticing to document and understand what 

a group of teachers would notice about a group of children engaging in problem solving.  

In documenting what three bilingual teachers notice in my study, there was a clear 

difference between the amounts of time spent noticing individual student’s strategies 
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versus the collective strategies of a group of children.  The findings for attending to 

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

respond on the basis of children’s understanding emphasized particular attention to 

dealing with errors and unclear strategies.   The teachers attended to those student’s 

strategies that they didn’t understand or those students whom they felt were struggling.  

Basic descriptions of children’s strategies were the most common, with great attention 

given to those students considered the “low” and “high” of the group.  Attending led to 

interpreting, as interpreting constituted the majority of the noticings of the teachers. The 

interpreting noticings also highlighted the teachers’ focus on struggling students and 

emphasizing correct answers or strategies.  As such, since the teachers’ attending and 

interpreting was based on correctness of answer or other superficial observations of 

children’s strategies, the teachers provided limited evidence of understanding children’s 

mathematics thinking.  The teachers did not take full advantage of attending to children’s 

mathematical thinking. 

 For example, consider two of the categories of interpreting that appeared only a 

few times: interpreting children’s number sense and interpreting the effect of the problem 

structure.  Solving and discussing multidigit problems in ways that make sense to them 

develop children’s number sense (Carpenter et al., 1999). Teachers, who understand the 

development of children’s strategies to these problems, and the impact the structure of the 

problem might make, may start to build understanding of children’s thinking and number 

sense development.  Ms. Ambers, the only one to make connections about the structure of 

the problem and what it meant for children’s problem solving, was the only one to 

provide robust evidence in her interpretations.  She would often request specific problems 

be written for subsequent small group sessions based on strategies she thought the 

students might use.  Hiebert, Morris, Berk, and Jansen (2007) recommend that teachers 
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ask themselves, “What does a student’s response mean about the student’s thinking?”  as 

a means to making a decision about what to do next.  If a teacher understands the 

correlation between the strategy that a student uses, regardless of correctness or 

efficiency, and what it reveals about a student’s number sense, then a teacher is well 

poised to make a decision about what to do next with that student.   

 Jacobs et al. (2010) posited that if teachers did not provide evidence of 

understanding of children’s mathematical thinking for one child’s thinking, then 

interpreting what a group of children were thinking would prove to be challenging.  My 

findings concur due to the limited number of noticings that were made about interpreting 

children’s understanding in the small group.  Teachers focused more on understanding 

individual student’s strategies rather than what the group of students was thinking.  Part 

of this may have to do with teachers’ continued negotiation of defining what it meant to 

engage children in problem solving that will be discussed in the next section.  I question 

the number of instances that were noted due to the fact that I specifically requested that 

the teachers focus on the discussion aspects of the small group sessions in TSGs 5 and 6.  

I am left wondering what teachers would have continued to notice without my facilitation 

and if the noticings that were documented are a function of my involvement.   

 Regardless of whether the noticings took place with one student or with the small 

group, noticings I termed Other Concerns, bear further analysis.  Noticing literature 

makes note of these types of “distractors” in their work with teachers (Jacobs et al., 2010; 

Mewborn, 1999; van Es & Sherin, 2008).  In other literature it has been referenced to as 

“problems of practice” and something perhaps attributed to the lack of number of years of 

experience(van Es & Sherin, 2008; Webb et al., 2005).  However, one of my initial 

wonderings, in considering the levels of teacher change for CGI teachers, was 

understanding: what makes the difference between when a teacher stays at Level 1 and 2 
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or moves on to Level 3, 4a and 4b? The Other Concerns the teachers in my study noted 

were many of the same concerns as those teachers at Level 1 or Level 2 such as time, 

correct answers and a focus on struggling students (Franke et al., 2001).  This study 

illuminated that despite the worries and concerns that the teachers may have had, they are 

still able to notice features of engaging children in problem solving that may be fruitful 

towards increased understanding of children’s mathematical thinking. I will continue on 

this vein of thought in the next section, but due to the concerns that the teachers in my 

study had about children’s correct answers and helping struggling students, I wonder if 

there is a connection between being okay with the idea of ‘struggle’. If struggle is viewed 

as a negative or unwelcome feature of engaging children in problem solving, then 

perhaps a teacher’s first reaction is to correct or soothe over. Given the penchant for 

“traditional” mathematics instruction that many of our teachers have received, being 

“good” in mathematics usually means getting answers quickly and correctly. So perhaps 

in order to let go of the concerns, a teacher has to let go of the fears and trust that 

engaging in problem solving, even when there is struggle, leads to greater mathematical 

understanding. 

 When planning out the TSGs and what teachers were being asked to do, I initially 

thought it would be best to be in charge of creating the tasks that children would be asked 

to solve from week to week. In order to plan each problem, I looked over all 15 student’s 

strategies, took notes on past strategies the children had done, and contemplated the 

strategies that might be produced with different combinations and/or contexts.  Planning 

these tasks myself, an important part of the routine of practice, became a defacto 

limitation due to the freedom it gave the teachers to show up at the small group session 

and give the students the problem with perhaps limited thought to why or how it had been 

created.  Which in fact they admitted they sometimes did.  One of the five steps that Stein 
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et al. (2008) expect teachers should do in order to facilitate meaningful mathematics 

discussions is to predict and anticipate student strategies.  This study was a learning 

opportunity for me in that I realized how important this step was.  If a teacher has not 

predicted what the students might do when solving a problem, then the teacher may not 

be ready to question a student about their thinking or what teacher moves to make to help 

them progression to a more efficient strategy. 

   

NEGOTIATING WHAT IT MEANS TO ENGAGE CHILDREN IN PROBLEM SOLVING 

 My intent in the first TSG was to “get everyone on the same page” about what 

would be happening in the small groups, or in other words, what it would mean to engage 

children in problem solving.  The results of what teachers attended to, interpreted, and 

decided how to respond, revealed that teachers were being specific about what they 

chose to attend to, interpret and decide to respond to.   In addition to incorrect answers or 

helping struggling students as previously mentioned, teachers also noted issues of 

juggling working with more than one student, what it meant for students to share their 

thinking, and what was the benefit of having discussion. As Ms. Ambers clearly asked 

relatively soon after attempting to facilitate one of the first study groups: 

I guess I want more like specifics, like that, so that when I sit down to do a group, 
I can be like, right, like, these are exact steps or moves that I'm going to follow. 

Learning what it meant to engage children in problem solving required discussing how 

much time or directives to give to struggling students, what to have students do when 

they struggled or finished quickly, knowing how to respond to incorrect answers and 

learning what to ask when everyone got the answer right or used the same strategy.  Due 

to the short nature of this study, I believe teachers were still negotiating a definition when 

the study ended.   
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 This study shows that the teacher study group was instrumental not only in 

understanding both what teachers notice about engaging children in problem solving, but 

also into giving glimpses of what could be productive activities for teachers to do to start 

noticing important mathematical features of student’s strategies.   The benefit of working 

with other teachers either through a long-term professional development or through a 

learning community has been well documented (Crespo, 2006; Franke, Kazemi, Shih, 

Biagetti, & Battey, 2005; van Es & Sherin, 2008).  Likewise, just as the student notebook 

was instrumental to teacher’s noticings as an artifact of practice in this study, looking at 

student work together has proven to be a useful tool in helping teachers focus on 

children’s mathematical thinking (Goldsmith & Seago, 2011; Kazemi & Franke, 2004; 

Little, 2004). Teachers revealed through their noticings that they were concerned about 

students who either didn’t have more than one strategy, or used the same strategy week 

after week.  When teachers read Chapin et al. (2003) Classroom Discussions in TSG 4, 

what was then negotiated was understanding what it meant to facilitate a discussion with 

student’s strategies. Previous to that, the teachers assumed all strategies were equal and 

discussion meant each student would share their strategy and that would be the end. With 

reading about “Talk Moves” teachers realized that students could be asked to discuss 

each other’s strategies.  With this change in understanding what it meant to engage 

children in problem solving, teachers began to focus on the small group discussions 

during the TSGs. 

 Another shift occurred in the TSGs in what teachers noticed when teachers were 

asked to do two things, start ordering the student strategies from least efficient to most 

efficient, and to focus the conversation of the TSGs on the discussion aspect of the small 

group sessions.  Another two of Stein et al. (2008) five practices for meaningful 

discussions is to purposefully sequence student responses and make connections between 
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student responses. Likewise, when teachers started ordering student’s strategies from 

least efficient to most efficient, the noticings became a little more detailed. While some 

of the teachers still gave basic descriptive statements such as “she drew” to describe what 

they saw, the combination of discussing what it meant to be efficient, looking for 

similarities between student strategies, and thinking about the next most efficient step for 

a student to progress to lead to a change in the type of interpretations and respondings 

documented.  

These findings have implications for considering the role of the facilitator in the 

teacher study group.  Just as Kazemi and Franke (2004) noted that the facilitator moves 

impacted the kinds of conversations teachers had, I too wondered and reflected on how 

much to say and when and how to ask questions.  One of the questions left from the 

extensive work in teacher noticing in video clubs that (van Es, 2011; van Es & Sherin, 

2008) did was to wonder what kinds of questions the facilitator should pose to the 

teachers and how much to attempt to push or extend teacher’s understanding of children’s 

thinking.    If the goal is to cultivate teacher noticing, what is the nature or role of the 

facilitator? Teacher educators, university professors, professional development 

consultants, and anyone else who works with mathematics teachers would benefit from 

further discussion on the role of the facilitator in teacher study group settings.   

 

TEACHING MATHEMATICS AND TEACHING FOR ENGLISH LANGUAGE ACQUISITION 

 Given the lack of literature that focuses on what bilingual teachers notice about 

their students’ mathematical thinking, this study adds to the knowledge of how to help 

bilingual teachers engage their students in problem solving.  The students in this study 

had an opportunity to participate in a small group in which they were given challenging 
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tasks, allowed multiple ways to show their mathematics thinking, and expected to share 

their mathematical thinking. These are part of the five Guiding Principles for Teaching 

Mathematics to English Language Learners and were purposefully planned into the study 

design (Ramirez & Celedon-Pattichis, 2012, p. 29).  Using the construct of professional 

noticing of children’s mathematical thinking allowed for the opportunity to take a deeper 

look at what bilingual teachers noted about their English language learners.  The bilingual 

teachers attended to surface level observations about the student’s language use such as 

code switching and lack of motivation to speak in English.  They also noted two instances 

in which the students had difficulty saying the correct vocabulary in English. Just as with 

the first grade teacher in the Musanti et al. (2009) study, one of the first things teachers 

may notice is the vocabulary which “isn’t there”.  However, Moschkovich (2007) warns 

about focusing only on vocabulary for mathematics teaching and English acquisition: 

If we conceive of “language” as only vocabulary, we are limiting the scope of 
communicative activities used to assess mathematical competence, and many 
students will appear less competent.  Instruction focusing on low-level linguistic 
skills, such as vocabulary, neglects more complex language skills necessary for 
learning and doing mathematics. (p. 92) 

Many of the teachers’ conversations were stating their concerns about giving strong 

English speaking students opportunities to share their thinking in English. While this is 

an appropriate practice to encourage if the mathematical concept is understood, simply 

expecting the students to attempt to explain their thinking in English without any support 

will not help with English language acquisition. Gandara and Hopkins (2010) state that 

being able to communicate basic information does not prepare students to excel in school 

or easily attain common content knowledge.  Aguirre and Bunch (2012) posit that 

teaching mathematics and English language acquisition means preparing your 

mathematics lesson with five modalities in mind: reading, listening, speaking, writing and 
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representing.  Teachers need to plan specific activities or teacher moves in mind when 

thinking about the needs of English language learners.  

 The teachers believed that speaking in English during mathematics was a means 

to help students learn English. Another benefit of the teacher study groups and using 

artifacts of practice was that two of the teachers conceded that their facilitation of 

discussion in the small group was the same regardless of the language of instruction.  Ms. 

Ambers decided that it was better to return to Spanish so that the focus could be on 

teaching mathematics.  However, she was left feeling that “I'm not doing the right thing 

for everybody no matter what I do.” The pressure and “responsibility” the teachers felt 

for transitioning their students into English due to standardized testing affected the 

mathematics learning of the whole class with the teacher’s decision to flip flop the 

language of instruction.  Research shows that English language learners struggle more 

than any other group besides those who have been labeled as special education (Gandara 

& Hopkins, 2010). They posit that these struggles add fire to argument of English-only 

proponents who push for limiting native language resources for English language 

learners. Texas is not an English-only state yet the effects of high stake standardized 

testing has done damage as well. The No Child Left Behind act, in particular Title III, 

brought national attention to the academic success of a large group of English language 

learners.  Despite the extensive research on the time necessary to acquire academic 

English proficiency (Cummins, 2000; Ovando & Collier, 1985), Title III expects that 

children be at the same level as native English speakers within three years.   Evans and 

Hornberger (2005) posit that this pressure has in effect placed teachers in the role of 

being “primary language policy makers”. This matches the sentiment that Ms. Quiroz and 

Ms. Ambers stated of not feeling capable of juggling the teaching of mathematics to 



 124 

students regardless of their English language proficiency, and adequately preparing their 

students for future success with standardized testing. Unfortunate indeed. 

 The findings of this study have implications for understanding how to help 

bilingual teachers better meet the mathematics and linguistics needs of their English 

language learners.  Preservice teachers need courses that address both mathematics 

methods and content area language acquisition.  In service teachers would benefit from 

participating in learning communities that look at student work and mathematical 

thinking. An important component to add to this learning community is the opportunity to 

share and discuss teaching moves for students that are dependent on their English 

proficiencies.  Finally, we need district and state level decision on how to uniformly 

address the instruction of English language acquisition. The situation at the study school 

was unique to the teachers’ classes with different programs and expectations at other 

nearby schools.  

 

RECOMMENDATIONS AND CONCLUSION 

One of the main reasons I embarked on this area of mathematics education 

research is due to a dilemma that arose as I immersed myself in research about children’s 

mathematical thinking and the teaching of the elementary mathematics methods courses 

to pre-service undergraduates. As I sought out local area teachers and classrooms in 

which to develop my personal understanding of engaging children in problem solving, I 

was often faced with teachers telling me, that [way of teaching mathematics] sounds 

great, “But I can’t do that.” “I just can’t”. I heard those words again and again. Their 

reasons echoed many of the reasons that the three bilingual teachers from my study 

noticed as concerns in engaging children in problem solving.  
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Looking into the interactions and decisions that teachers make in those moment to 

moments is complex, because learning and teaching is complex. However, there are a few 

areas of research that can continue the work started here.  One of the useful features of 

the CGI research on children’s thinking is the understanding of the progression of 

children’s strategies. Teachers who are attuned to children’s thinking can decide on 

meaningful tasks and questions that can help children move towards more efficient 

thinking.  The very first stage for children, the one all children start with and the most 

natural is the direct modeling stage.  Each of the subsequent stages has their own features 

and levels of mathematical thinking. Ultimately, the goal is for children to have and use 

flexible thinking about problem solving and use the strategy that makes the most sense 

for the particular situation.  I correlate much of the noticing research to discovering what 

those levels of progression are for teachers in their work with children. The work of 

Franke et al. (2001) and Jacobs et al. (2010) show that there are different ways and levels  

of looking at and working with children’s mathematical thinking.  And just as doing 

mathematics is what helps children make sense of and become proficient in their 

mathematical thinking, grounding their observations in understanding children’s 

mathematical thinking is what is going to help teachers progress in their understanding of 

what it means to engage children in problem solving.  What are the first ways that 

teachers make sense of when they engage children with problem solving? This study 

provided an understanding of what three bilingual teachers begin to notice about their 

student’s problem solving. Due to the short nature of the study I was left wondering about 

the impact of continuing to look at student’s work with the focus of understanding 

mathematical progression. Further research needs to understand if there are other 

practices or tasks that will help teachers begin to consider their student’s work in a more 

detailed and thoughtful way.  Also, what is the role of a facilitator in these activities to 
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question teacher thinking about what they are seeing and being able to ask questions 

extend their thinking? Philipp et al. (2012) have shown that engagement in long term 

professional development is connected to the ways in which teachers engage with and 

respond to their students.  What are some effective professional development models that 

can be implemented on a larger scale? Finally, given that English language learners are 

categorized as the group that struggles the most in U.S. schools it is critical that we 

continue to ask questions about the ways in which teachers of English language learners 

facilitate and understand their children’s mathematical thinking.  Further research is 

needed to investigate how to best help this group of teachers whether through 

professional development or other interventions. 

Since this study was completed, I have had the opportunity to travel and work 

with teachers all over Arkansas, a state that has adopted the CGI framework from the 

state level and has invested money and time in long term professional development for its 

elementary teachers. As a CGI professional development facilitator, the conversations I 

have had with teachers there, both those who are first trying CGI in their classrooms, as 

well as those who have been teaching for a couple of years, simply highlights the urgency 

to continue to find ways to work with our elementary teachers for better mathematics 

teaching. The teachers in Arkansas, while not always initially whole heartedly convinced, 

are well on their way towards Level 3 and Level 4a/b teachers who don’t seem to be as 

bogged down with the concerns as Level 1 and Level 2 teachers are. What is the path that 

those teachers have gone through? What helped them on their journey? 

With every semester of teaching graduate and undergraduate elementary 

mathematics methods courses, I grapple with the question, “How can I best prepare these 

teachers to teach mathematics in such a short time?” I believe that this study is a good 
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first step towards our continued understanding of how to improve our conversations with 

teachers.  

Simply put, I often go back to themes of empowerment. I would like to 

understand how teachers could become empowered to stop saying “I can’t” and take 

action to change that which has held them back.  A critical component of my graduate 

education was exposure to the writings of Paolo Freire.  Reading and understanding 

Paolo Freire’s (Freire, 1970, 1993) Pedagogy of the Oppressed definition of a “banking 

education” means making correlations between teachers and the oppressive high stakes 

accountability system currently in place in many of our classrooms.  Too often I 

encounter teachers who go against what they feel is best for the students to conform to 

practices that continue to fail students in their mathematics learning.   

I have often viewed the construct of noticing as similar to Freire’s construct of 

“praxis”. Praxis is defined as “reflection and action upon the world in order to transform 

it” (Freire 1970, 1993, pg. 51).  As the quote at the beginning of this chapter states, there 

is power and change in naming the world. In the course of completing this study, and 

reflecting on what I have learned in working with teachers, I have often considered the 

correlation that asking teachers what they “notice” is the same as asking them to “name” 

their world. This subsequent naming can help them take action in their worlds. If we want 

to create change in the teachers’ and children’s worlds, then I believe that our role needs 

to continue to be one of a facilitator and help teachers continue to reflect and notice how 

children engage in problem solving in ways that are mathematically important, and thus 

empowering to them and their students. 
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Appendix A: Example of Teacher Wondering 

October 16, 2007 
Observation: Ms. Ambers 
Topic: Using area models to find multiplication facts for numbers. Sts (in pairs) were 
given a number, a large construction paper and square grid paper. They were to cut and 
paste area models for their number. Some of the ones I saw were 15, 16, 18, 20, 21, 24 

My conversation with Luis: He had cut out a 2x9 square (I think, it might have 

been another multiple, I can’t remember exactly…) and it looked like he was double 

checking that he had indeed cut out 18. I noticed that he was counting square by square. I 

asked him how many there were and he said 16. I asked him if there was a faster way of 

counting the squares and he said yes, counting by 2s. When then asked him to count the 

squares by 2s. The first time he faltered around 14 and I think either ended up with 18 or 

20 as his final count. He started again and this time after about 12 or 14, he would have a 

little pause before continuing. (so something like 12, pause, 14, pause, 16, pause, 18) I 

wonder if he was pausing in order to count in his head what the next one would be. I 

asked if he thought it was easier to count by ones or by twos, and he said by ones. I 

wonder what he would have said if I asked him why it was easier to count by ones what 

he would have said.   

This interaction made me wonder what Luis’ number sense past 20 is like, and if I 

were to ask him to continue to count on from 47 for example, if he would be able to 

continue much farther. Same as if I asked him to count on from 25 by fives or from 40 by 

10s. So in other words, while he can recite the numbers in order from 1 to 100, for 

example, his ability to recognize the patterns of numbers within counting 1-100 might not 

be all there. 
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As Luis continued to work on area models with Amanda and another girl in their 

group, either Amanda or Luis made an array that was not a rectangle. (I don’t remember 

the exact number, but two of the rows were one square longer than the others.) As I 

watched the students today I wondered how they were able to make sense of the array 

model of multiplication and wondered what kinds of connections they were making that 

helped with understanding multiplication. For example, Amanda and Luis, when asked, 

felt that this model that they had created was valid because it contained 18 squares (I 

think it was 18, it might have been more). The other girl in the group (whom I’m trying to 

remember her name) thought that it wasn’t right. I asked her to explain her thinking and 

she referenced the other models they had created in which each row had the same number 

of squares. Amanda and Luis conceded, cut out the extra squares, and created an array.  

But I was left wondering what their thinking about arrays and multiplication was.  Do 

students understand that when you have an array of 3 rows with 5 squares, it is the same 

as 5 rows with 3 squares?  If they see them as different, where is their multiplicative 

understanding at? Would some students benefit from seeing the connection between 

repeated addition and this area model by writing down the numbers at the end of the rows 

and again emphasizing the connections with the patterns they made in their multiplication 

books? (so for example, if you had a 3x5 array, writing:3,6,9,12,15 at the end of every 

row to show the connection to repeated addition). Since multiplication is about seeing 

patterns in the numbers, how do we know which representation makes the most sense to 

students? 
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Appendix B: Topics and Questions from Study Groups 

Study Group 1 
1.31.08 

Focus: Logistics of Study and common understanding of mathematics discussions 
Questions addressed:  

• When to ask questions to students 
• When to probe 
• Concerns about students talking and listening to each other in discussions 
• What to do when getting unclear and off-base remarks and not being sure what to 

do with them.  
• How to help students who either add or subtract the numbers in problem 

regardless what it is about. 
Resources: Classroom Discussion Book, Video of Small Group, Study Notebook and 
Handouts, Chapter on Multidigit operations 
 

Study Group 2 
3.02.08 

Focus: What is evidence of understanding? 
• Topics and Questions addressed:  
• Sharing of 1st two weeks of small groups use of language 
• Use of the algorithm and finding 2 ways to solve a problem 
• What are the efficient strategies that we want our students to use? Is it just the 

algorithm?  
• How to elicit student’s thinking of strategies?  
• How do we know what they understand? 

Video from Ambers Week 2 and Flores Week 2 
 

Study Group 3 
3.30.08 

Focus: understanding student’s thinking 
Topics and Questions addressed:  

• Switching between languages (teacher) 
• Making connections between the tasks every week 
• When do we move on, questions about pacing,  
• Moves to talk about estimation 
• Working more on whole group versus one on one  
• How do we introduce the problem? 

Video from Ambers Week 4, Quiroz Week 3, Flores Week 4 
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Study Group 4 
4.06.08 

Focus: facilitation of discussions 
Resources: Read from Classroom Discussions book.  
Topics and Questions addressed:  

• Who/what is leading discussions?  
• What language are students using to explain thinking?  
• How might issues of language doubly impact students?  
• What is oral space?  
• Code switching between teacher and students?  
• Clarifying vocabulary in English, what are the effects of language? 
• Looked at transcripts with specific questions in mind. 

Video from Quiroz Week 5, Ambers Week 6 (started) 
 

Study Group 5 
4.20.08 

Focus: facilitation of discussions, who is making connections? 
Topics and Questions addressed:  

• How to help students work towards more efficient strategies 
• How to encourage students to use other’s strategies 
• How is listening to other’s strategies helpful to students like Christian, Brenda or 

Oscar? 
• How do we know a student’s explanation of a strategy makes sense to others?  
• What do we do when some students slow the flow down?  
• Issues with introducing the problems.  
• What else to ask beyond “what did you do”? 
• Issues about language, when to use what?  
• Are the strategies that the students use effective?  
• How can we help students articulate their thinking and strategies?  
• How do we select the strategies to talk about?  
• Making specific connections between strategies.  

Video to watch: Ambers Week 6: discussion with Leo and Carlos, Flores Week 7: Group 
discussion about task 1 , Quiroz Week 8: Yessenia and Monica explain strategies. 
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Study Group 6 
5.18.08 

Focus: discussion connections students made in weeks 9 and 10. 
Resources: Chapters from Choice Words by Peter Johnson, initial insights from student 
informal interviews 
Topics and Questions addressed:  

• Looked at 5 student’s work before watching clip.  
• Attempted to make connections between different strategies. 
• Role of language in facilitating and for student’s mathematical learning? 
• What/how do student’s benefit from listening to other’s strategies? 
• How do we now attempt to lead a whole group discussion? 
• How do we know if students are making connections between strategies?  
• How to push students towards more efficient strategies? 
• What is problematic about managing whole group discussions? 

Video: Ambers Week 10: whole group discussion on task 1, Flores Week 10: Discussion 
of problems, Quiroz Week 10: discussion of 2nd task 
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Appendix C: Weekly Tasks 

Week 1, Task 1 (Join Change Unknown) 
Edgar wants to buy a video game.  He has 39 dollars. His mom gives him some more 
money. Now Edgar has 78 dollars. How much money did Edgar’s mom give him?  Solve 
this problem in two different ways. 
 
Week 1, Task 2 (Separate Change Unknown) 
Mirna’s mom baked 50 cookies.  She took some cookies to Mirna’s class.  Now there are 
24 cookies. How many cookies did Mirna’s class eat?  Solve this problem in two different 
ways. 
 
Week 2, Task 1 (Multiplication, Groups of ten) 
For a party, the third grade class has 3 boxes of doughnuts with 10 doughnuts in each 
box, and they also have 18 individual doughnuts.  How many doughnuts do they have 
altogether? 
 
Week 2, Task 2 (Part-Part-Whole, Whole Unknown) 
There were 53 girls and 48 boys in the cafeteria at lunchtime.  How many children were 
there in the cafeteria at lunchtime? 
 
Week 3, Task 1 (Separate Change Unknown) 
There are 81 ducks in the lake.  A boat comes by and some of the ducks get scared and 
fly away.  Now there are 43 ducks in the lake. How many ducks flew away? 
 
Week 3, Task 2 (Measurement division, groups of ten) 
Sara’s mom makes shirts. Sara helps her mom by putting buttons on the shirts. Sara has 
54 buttons. Each shirt gets 10 buttons. How many shirts can Sara put buttons on? 
 
Week 4, Task 1 (Part-Part-Whole, Part Unknown) 
There are 104 animals at the zoo.  36 of the animals are monkeys.  How many animals 
are not monkeys? What is your estimation? 
 
Week 4, Task 2 (Compare Difference Unknown) 
Heriberto has 25 pencils.  Mario has 18 more than Heriberto.  How many pencils does 
Mario have?  What is your estimation? 
 
Week 5, Task 1 (Separate Start Unknown) 
Maribel has a lot of marbles.  She wants to give away the ones she does not like anymore. 
Maribel gives her friend Roberto 27 marbles. Now Maribel has 44 marbles. How many 
marbles did Maribel have to begin with? 
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Week 5, Task 2 (Part-Part-Whole, Whole Unknown) 
Sandra has a collection of balls.  She has 37 red balls, 22 green balls and 13 white balls. 
How many balls are in Sandra’s collection? What is your estimation? 
 
Week 6, Task 1 (Separate Change Unknown) 
Leo has 108 dollars. He went to the store and bought a video game. Now he has 19 
dollars. How much money did Leo pay for the video game? What is your estimation? 
 
Week 6, Task 2 (Measurement Division, Groups of Ten) 
Gloria has 65 markers. She wants to put the markers away in boxes. A box holds 10 
markers. How many boxes does Gloria need for all of her markers? 
 
Week 7, Task 1 (Multiplication) 
Omar goes to the store to buy gum.  Each piece of gum costs 6 cents.  Omar buys 11 
pieces of gum.  How much will Oscar have to pay for the gum? 
 
Week 7, Task 2 (Equality) 
Barbara and Julia have the same number of apples.  Barbara has 19 red apples and 13 
green apples. Julia has 15 red apples. How many green apples does Julia have? 
 
Week 8, Task 1 (Join Change Unknown) 
Yolanda really likes books.  She has 42 books.  For her birthday, Yolanda’s mother gives 
her some more books. Now Yolanda has 78 books. How many books did her mother give 
Yolanda for her birthday?  What is your estimation? 
 
Week 8, Task 2 (Measurement Division) 
Mireya is going to have a party and wants to buy sandwiches to eat.  Each sandwich costs 
6 dollars. Mireya has 54 dollars. How many sandwiches can Mireya buy? 
 
Week 9, Task 1 (Multiplication) 
25 third grade students go to the children’s museum.  The museum costs 6 dollars for 
each student.  How much will it cost for all 25 students to go to the museum?  
 
Week 9, Task 2 (Measurement Division) 
Domingo and Angelica have 50 birds. They go to the pet store to buy birdcages. 6 birds 
fit in a cage. Domingo and Angelica are trying to decide how many cages they should 
buy for all of the birds. Angelica thinks they should buy 8 cages. Domingo thinks they 
should buy 9 cages. What do you think? Why? 
 
Ms. Ambers, Week 10, Task 1 (Multistep) 
Yolanda has a garden with 7 flowers.  Yolanda sees that each flower has 6 ladybugs.  
There are also 21 ladybugs in the grass.  How many ladybugs are there in all? 
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Ms. Ambers, Week 10, Task 2 (Multiplication) 
Amanda has to buy 15 sandwiches for a party. Each sandwich costs 6 dollars. How much 
money does Amanda need to buy the 15 sandwiches? 
 
Ms. Flores, Week 10, Task 1 (Part-Part-Whole, Part Unknown) 
Lisa has 93 coins. 48 of the coins are five-cent coins. How many of the coins are not five-
cent coins? What is your estimation? 
 
Ms. Flores, Week 10, Task 2 (Equality) 
Ms. Flores and Ms. Quiroz have lots of boxes of books. Ms. Flores has 8 boxes. Each box 
has 6 books. Ms. Quirozhas 12 boxes. Each box has 4 books. Who has more books in all? 
What do you think? Why? 
 
Ms. Quiroz, Week 10, Task 1 (Multistep) 
Yessenia has a garden with 9 flowers.  Yessenia sees that each flower has 7 ladybugs.  
When Yessenia sits down, 18 of the ladybugs fly away.  Now how many ladybugs are 
there in all? 
 
Ms. Quiroz, Week 10, Task 2 (Equality) 
Ms. Quiroz and Ms. Ambers have lots of boxes of books. Ms. Quiroz has 24 boxes. Each 
box has 4 books. Ms. Ambers has 12 boxes. Each box has 8 books. Who has more books 
in all? What do you think? Why? 
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Appendix D: Example of Teacher Task Review Sheet 

Teacher Task Review – Week 2 
Task 1 
For a party, the third grade class has 3 boxes of doughnuts with 10 doughnuts in each 
box, and they also have 18 individual doughnuts.  How many doughnuts do they have 
altogether? 
Para una fiesta, la clase de tercer grado tiene 3 cajas de donas con 10 donas en cada caja. 
También tienen 18 donas individuales. ¿Cuántas donas tienen en total? 
 
Reasoning for task selection: This problem can give some insight into student’s base 10 
understanding. Do students realize that 3 groups of 10 is 30 or do they need to work it out? Then 
when adding the 18, which is almost 20, can also tell us a bit more about their number sense and 
if they use “friendly” numbers. If a student uses an aKForithm, that’s okay, but then if time 
permits, I suggest you lower the numbers and encourage them to do it in their head.  
 
To make it easier: Change the numbers to 1 box of 10 doughnuts with 7 individual or 2 boxes of 
10 doughnuts and 5 individual. If you give these to a student and challenge them to do it in their 
head, have them write down the numbers they were thinking of in their notebooks as a record of 
what they did.  
 
To make it harder: Change the numbers to 11 boxes of doughnuts with 17 individual doughnuts 
OR lower the numbers and ask them to do it in their head OR ask them to solve the problem in a 
different way with the original number selections. 
 
Task 2 
There were 53 girls and 48 boys in the cafeteria at lunchtime.  How many children were 
there in the cafeteria at lunchtime? 
Hay 53 niñas y 48 niños en la cafetería a la hora de comer. ¿Cuántos estudiantes hay en la 
cafetería a la hora de comer? 
*If you get some interesting strategies for the 1st task and want to have a discussion, then don’t 
worry about doing this task and you can save it as an extra for another time.  
 
Reasoning for task: These numbers and student’s solution strategies tell us something about 
student’s number sense and flexibility with numbers. These numbers are very close to 50 (a 
friendly number) and so it should be interesting to see if they capitalize on knowing that 50+50 is 
100 and use it to derive their answer. Again, if they do an aKForithm, that’s okay, just challenge 
them to do it another way.  
 
To make it easier: Change the numbers to (20,10) or (14, 16). These will still tell you something 
about base 10 and number sense.   
 
To make it harder: Change the numbers to (65, 35) or (62, 65). Ask the student to solve it without 
using the subtraction aKForithm OR change the numbers to lower numbers and encourage them 
to solve in their head.  
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Appendix E: Timeline of Study 

 
Teacher Study Group 1 - 1.31.08 
 GA Pre Interview 2.10.08 
 BQ Pre Interview 2.10.08 
 KF Pre Interview 2.11.08 
 Week 1 - No video, just student work 
 Week 2 - Video of KF and GA 
  
Teacher Study Group 2 - 3.02.08 
 Week 3 - Video of BQ 
 Week 4 - Video of KF & GA 
 Started Problem Solving Interviews 
 
Teacher Study Group 3 - 3.30.08 
 Week 5 - Video of BQ 
 Week 6 - Video of GA 
 
Teacher Study Group 4 - 4.06.08 
 Week 7 - Video of KF 
 Week 8 - Video of BQ 
 
Teacher Study Group 5 - 4.20.08 
 
<BREAK DUE TO TAKS TESTING> 
 
 Week 9 - No video, just student work 
 Week 10 - Video GA, KF, BQ 
 Started Student Informal Interviews 
 
Teacher Study Group 6 - 5.18.08 
 Whole Group Taping of GA, KF, BQ 
 GA Final Interview 6.10.08 
 BQ Final Interview 6.10.08 
 KF Post Interview 6.11.08 
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Appendix F: Reflections and Interviews 

APPENDIX F1:  SMALL GROUP REFLECTION 
Reflection after Small Group Session 

Take a few moments as soon after the small group session as you can to answer the following reflection 
questions. If you’re left wondering about something not covered here make sure to note it down as well.  
 
 
Reflect on student’s mathematical understanding of today’s tasks. What went well? What 
didn’t go well?  
 
 
 
 
 
 
Reflecting on the discussion today, what went well? What didn’t go so well?  
 
 
 
 
 
 
  
What was the role of language in the small group? Were ideas said in English or 
Spanish? What went well or didn’t go well? 
 
 
 
 
 
 
 
 
 (If videotaped) Quickly jot down some key moments that occurred during the lesson that 
you’d like to view later. These may include a discussion with one student, a discussion 
between 2 students, or something that was puzzling or interesting.  
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APPENDIX F2: TEACHER INTERVIEWS 

Teacher Interview on Mathematical Teaching and Learning 
 
 This is a semi-structured interview in that these questions will be used to open up 
the conversation, but teachers’ responses may be followed up or expanded upon as 
needed. 
 
Mathematics/Teaching Background 
 
College Background 
Math preparation in college 
AISD PD in math  
Number of years teaching 
Number of years at McBee 
Grades taught 
BE grades taught 
Language: where learned 
Comfort in teaching in Spanish  
Comfort in teaching mathematics 
 
Teaching Mathematics 
 
The focus of our small group sessions is on tasks involving multi-digit operations. This 
can include addition, subtraction, multiplication and division. For this question, choose 
either multidigit subtraction or multiplication.  Think to how these topics are introduced 
in your class. Can you describe and explain a lesson in which you introduce one of these 
topics? (Follow-up: how do you decide which activities to use, what would activity would 
a follow-up lesson have 
 
What their goals are for children learning multidigit subtraction and probe specifically 
for the role of multiple strategies, invented strategies, and/or standard algorithm. What 
resources do they use for teaching these lessons? 
 
How do you know when a child “gets” subtraction with regrouping? What about 
multidigit multiplication? 
 
Facilitating Mathematics Discussions 
 
Think of a lesson in which students you planned to have a math discussion and it went 
well. Describe this lesson and discussionWhat made it a good discussion? What was 
going on? What were students doing and saying? [[One thing you want to elicit is 
teacher’s notion of what a good discussion is; probe until clear]] 
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If no good discussion: Think of a lesson in which you wanted to have a mathematical 
discussion. What happened instead? What didn’t go so well? 
 
What do you think students get out of mathematical discussions? 
 
How do you decide who gets to talk or present strategies in a discussion? [[you might 
even link it back to the specific discussion, if they’ve recalled one; e.g., how did you 
decide who got to talk in that discussion?  Present strategies?]] 
 
Imagine that you and your students are having a discussion about subtraction with 
regrouping. A student gives an incorrect strategy or answer when they are sharing. How 
would you respond? 
 
(Optional) What are some of the questions that you have about facilitating mathematical 
discussions?  
 
Teaching Mathematics to ELLs 
 
How do you decide what language to use when teaching math? What about when 
speaking with a child? [[You may want to ask teacher to think about lessons over past 
week, to contextualize, then ask the questions]] 
 
When facilitating a discussion, what are you thinking about in terms of language and 
mathematics? 
 
What do you think about the role of language in the teaching and learning of math? 
[[may be hard to answer]] 
 
(Optional) What questions do you have about ELLs and mathematical learning? 
 
Focus on One Student 
 
Think of one student that you are definitely going to include in your small group. Why do 
you want to include this student in the group? What goals do you have for this student as 
a participant of this group? 
Describe this student’s English and Spanish proficiencies.  What does this child 
understand about multi-digit concepts? How do you know? Describe what this student 
usually does or says during math discussions.  
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Post Study Teacher Interview Questions 
 
1. In the course of this study, what have you learned about each of the following that you 
think is important? What will you take from this study for your math teaching in the 
future? 
Student’s mathematical thinking 
Facilitating mathematical discussions 
The role of language (in math learning and teaching) 
 
 
2. What types of things did you experiment with throughout the 10 weeks of math small 
groups? What was successful? What still needs to be worked on? 
 
3. At the beginning of the study I asked you to think about one student that would be in 
your study. I had asked why you wanted to include the student in the group, what goals 
you had for this student, and descriptions of this student’s language proficiencies and 
mathematical understandings of multidigit concepts. 
 
What did you learn about this student’s mathematical thinking over the course of the 
study? What role did language play in the participation of this student in small group? 
What questions were you left with? 
For GA: Carlos 
For BQ: Omar 
For KF: Barbara 
 
4. (TABLE OF TEACHER STUDY GROUP OVERVIEW) How did the teacher study 
group support your thinking on any of the topics or questions we explored? What are 2 
specific examples that stand out? 
 
5. Our discussions would often turn to the TAKS test and issues of teaching ELL students 
mathematics. How has this study helped your understanding of student’s mathematical 
thinking and an assessment such as TAKS? 
 
Protocol: Probe answers. Try to get beyond “good to see the different strategies that 
students used” why?  
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APPENDIX F3: PROBLEM SOLVING INTERVIEW 
 
Jennifer has ___ dollars. She earns some more money babysitting over the weekend. Now 
she has ___ dollars.  How much money did she earn over the weekend? 
 
Jennifer tenia ___ dólares.  Ella gano mas dinero cuidando niños durante el fin de 
semana.  Ahora ella tiene ___ dólares.  ¿Cuánto dinero gano durante el fin de semana? 
 
Number choices: (39, 50) OR (68,97) or (76, 131) 
 
 
There are ___ kids in the cafeteria.  ___ more kids come in for lunch.  How many kids 
are in the cafeteria now? 
 
Hay ___ niños en la cafetería.  ___ niños mas llegan para comer.  ¿Cuántos niños hay en 
la cafetería ahora? 
 
Number choices: If solved A: (83, 25  If not solve A: (28, 32) 
   Easier: (10, 24) 
 
There are ___ children playing in the park.  ___ children had to go home.  How many 
children were left playing at the park? 
 
Hay ___ niños jugando en el parque.  ___ niños se tuvieron que ir a casa.  ¿Cuántos niños 
se quedaron jugando en el parque? 
  
 Number choices: (40, 23) OR (56, 29) OR (125, 76) 
 
There are ___ children planning on going to the water park.  It costs ___ dollars per 
person.  How much money will it cost for all ___ children? 
 
___ niños piensan ir al parque de agua.  El parque cuesta ___ dólares por personal.  
¿Cuánto dinero costara por los 8 niños? 
 
 Number choices: (8,24)   Easier: (4,21) 
 
There are ___ donuts.  ___ donuts fit in a box.  How many boxes will be needed for all 
the donuts? 
 
Hay ___ donas en total.  ___ donas caben en una caja.  ¿Cuántas cajas se necesitaran para 
guardar todas las donas? 
 
 Number choices: (156, 10) OR (60, 12) 
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APPENDIX F4: STUDENT POST INTERVIEW 
Informal Interview With Students After 10 sessions 
Aim for 10 – 15 minutes, need recorder and student notebook 
 
Question 1: Pretend that I’m a student who isn’t part of the small group. Describe what 
happens when you meet with the teacher and the other students. Probe as necessary:  

• What were you supposed to do? 
• What did you like about it?  
• What did you not like about it? 
• What did you learn? 

 
Imagínate que tienes que explicarle a un estudiante de tu clase lo que pasa en el grupo 
de matemáticas. Explícame lo que pasa. 

• ¿Qué debías de hacer? 
• ¿Qué te gusto del grupo? 
• ¿Qué no te gusto del grupo? 
• ¿Qué aprendiste? 

 
 
Question 2:  

• What did you think about the problems that you solved?  
• Were they different than the ones you usually do in math with the rest of your 

class? Why? 
• Did you try to solve them differently or the same as you usually do? 

 
 

• ¿Qué opinas de los problemas que tenían que resolver? 
• ¿Eran diferentes de los que normalmente resuelvan en la clase regular de 

matemáticas? ¿Por que? 
• ¿Los resolvías diferente o similar a lo que normalmente haces? 

 
 
Question 3:  

• What did you think about explaining your thinking (strategies) to the teacher?  
• Was it hard or easy to do? Why?  
• Do you think the teacher was able to understand your thinking? How do you 

know? 
 

• ¿Como se te hizo tener que explicar tus estrategias o tus ideas de matemáticas a 
tu maestra? 

• ¿Era fácil o difícil para hacer? ¿Por que? 
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• ¿Piensas que la maestra podía entender tus estrategias o ideas? Como lo sabes? 
 
 
Question 4:  

• Was it helpful to hear the strategies that other students used? Why or why not?  
• Did the other student’s strategies make sense to you?  
• What helped you make sense of the other student’s strategies? 
• Can you give me an example? 

 
• ¿Te ayudaba escuchar las estrategias que los otros estudiantes usaron? Por que? 
• ¿Tenían sentido para ti las estrategias de los otros estudiantes? (¿Entendías las 

estrategias de los otros estudiantes?) 
• ¿Que te ayudaba a entender las estrategias de los otros estudiantes? 
• ¿Me podrías dar un ejemplo? 

 
 
Question 5: Sometimes your teacher spoke English when she led the small group, 
sometimes she spoke Spanish.  Was there a difference for you? 
 
A veces tu maestra hablaba ingles en el grupo, a veces hablaba español. ¿Había una 
diferencia para ti? 
 
 
Question 6:  

• What language do you use when explaining your thinking in math? Why? 
• Do you understand when other students use a different language to explain their 

thinking?  
• What helps you to understand? 

 
• ¿Que idioma usas cuando explicas tus estrategias o ideas en matemáticas? ¿Por 

que?  
• ¿Entiendes cuando los otros estudiantes usan una idioma diferente para explicar 

sus estrategias? ¿Que te ayuda a entender? 
  



 145 

Appendix E: Translated Transcript, Ms. Quiroz  

Week 3, Task 1 
 
Ms. Q:  Alright. I’m not going to give you your pens to start because I want you to read 
the problem first.  I want you to think about what the answer might be before you begin to write 
and show me your strategies. <Tapes problem to students’ notebooks.> While you’re waiting for 
Ms. Quiroz to tape you can read it by yourself and start to think about tit.  Okay. It says, there are 
8 1ducks in the lake.  A boat comes by and some of the ducks get scared and fly away.  Now 
there are 43 ducks in the lake.  How many ducks flew away? Let me read it one more time in 
English. And then we’ll talk about it a little bit. <Re-reads in English.> So first, what did we learn 
after reading the problem? Monica? 
 
Monica: There are 81 ducks.  
 
Ms. Q: Okay, so in my mind I’m looking at a lake and there are 81 ducks swimming.  And then? 
Then what happened? 
 
Domingo:  A boat passes by. And it scares them? 
 
Ms. Q: Okay. So I’m looking at the boat, and it scares them. Ahhh! And then? And then what 
happens? Then what happens Julia? 
 
Julia: The ducks went away. 
 
Ms. Q: Okay, so some went. <makes flying motion with hand, repeats in Spanish> Do we know 
the quantity, exactly how many ducks flew away? 
 
Students: No 
 
Monica: That’s the question. 
 
Ms. Q: That’s the question. Good Monica.  That is what I want to know.  Okay, so  Yessenia.  
Tell me what else we know. 
 
Yessenia:  43 ducks were left. 
 
Ms. Q: Okay. 43 were left.  Then the question that we have is how many ducks flew away.  We 
want to know many of those ducks went flying.  So, just in your head, because I didn’t give you a 
pen. I want you guys to think about, about how many ducks do you think stayed.  More or less, 
since you don’t have a pen, think about it in your mind.  Aproximately, an estimation, about how 
many ducks do you think went flying?  Very good, I see that Domingo is using his hundreds 
chart. That is a good strategy.   
 
<conversation with Omar> 
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Ms. Q: Okay, so if you didn’t have these [hundred charts], and you only knew that the numbers 
were 81 and 43. 
 
Domingo: Oh, me. 
 
Ms. Q: Are there different ways that you could estimate? 
 
Monica: Yes 
 
Domingo: You could subtract. 
 
Ms. Q: Wait, wait, hold on.  What numbers can you subtract in your head? 
 
Domingo: Like 81 minus 43. 
 
Ms. Q: But 81 and 43 sound a bit difficult to subtract in my head.  Are there any numbers that are 
near 81 and 43 that I could subtract a bit easier in my head? <no answer> Because if I try to 
subtract 81 minus 43 in my head, I now that I can’t take 3 from 1 and it’s harder for me. 
 
Domingo: Oh, you can ask the neighbor? 
 
Ms. Q: Well yes, but I don’t want to do all that in my head.  Is there a number close to 81 that is 
easier to subtract in my head without having to do all that work? 
 
Domingo: 80 
 
Monica: 80 and 40 
 
Ms. Q: Oh, okay! 40! But why did you decide 40? 
 
Domingo: It’s close, like 
 
Monica: Close 
 
Domingo: Like rounding. 
 
Ms. Q: Good Domingo. So 80 and 40. If we subtract 80 minus 40 what do we get? 
Monica: 40 
 
Domingo: 40 
 
Ms. Q: Good, good.  Okay, now I’m going to give you your pens and you can write for me these 
different strategies and you can also do the subtraction [algorithm].   
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