
 

UNDERSTANDING HOW NATIONAL BOARD CERTIFIED SECONDARY 

MATHEMATICS TEACHERS INTEGRATE ACADEMIC AND SOCIAL 

KNOWLEDGE OF STUDENTS INTO THEIR PRACTICE 

by 

Karen Cook 

 

 

 

 

 

A Dissertation Submitted to the Faculty of 

The College of Education 

In Partial Fulfillment of the Requirements for the Degree of 

Doctor of Philosophy 

 

 

 

 

 

 

Florida Atlantic University 

Boca Raton, FL 

May 2015 



  ii 

 

 

 

 

 

 

 

 

 

Copyright 2015 by Karen Cook 

 

 

 

 

 

 

 

 

 

  





iv 

ACKNOWLEDGEMENTS 

 First, I need to thank Dr. Gail Burnaford. She took over the direction of this 

project midstream and elevated it to a much higher (and deeper) level than I could have 

ever imagined. Her guidance has helped me to fully appreciate the depth of the teaching 

experience.  

 I would also like to thank Dr. Patricia Maslin-Ostrowski, who showed me that all 

things are possible – just one bird at a time. I greatly appreciate her support and guidance 

with my project. 

 Finally, I would also like to thank Dr. Dilys Schoorman, who taught me about 

different ways to examine our educational system. 

 Drs. Burnaford, Maslin-Ostrowski, and Schoorman have been a blessing and an 

inspiration throughout this project. They served tirelessly on my committee to help make 

me the researcher that I am today.  

  



  v 

ABSTRACT

 

Author:    Karen Cook 

Title:     Understanding How National Board Certified Secondary  

    Mathematics Teachers Integrate Academic and Social  

    Knowledge of Students into Their Practice 

 
Institution:    Florida Atlantic University  

Dissertation Advisor:   Dr. Gail Burnaford 

Degree:    Doctor of Philosophy  

Year:     2015  

 This qualitative case study investigated how six National Board Certified secondary 

mathematics teachers integrate knowledge of students into their practice to create socio-

academic spaces for learning.  

 Individual audiotaped interviews were utilized to generate data about what 

knowledge these teachers had of their students, how they gathered this knowledge, and how 

this knowledge of students influenced their decisions related to curriculum and instruction. 

The data were used to form an understanding of the nature and function of the socio-

academic spaces that teachers create in planning for and delivering instruction. The study 

revealed that as teachers interact independently with the curriculum, they create spaces 

for analysis and reflection. In addition, as they interact with their students around the 

curriculum, they create spaces for their students to practice, to make connections, to 

communicate, and to apply and experience math. 

 This study revealed a dimension that can be added to Ball, Thames, and Phelps’ 
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(2008) mathematical knowledge for teaching (MKT) in which they suggest that teachers 

have knowledge of content and students (how students learn), knowledge of content and 

teaching (how to teach concepts), and knowledge of content and curriculum (what 

materials are available to teach concepts). This study was situated within the intersection 

of these three domains of teacher knowledge, and the findings add another layer to 

teacher knowledge – that of the teacher’s knowledge about students as individuals.  

 In addition, a new subset of the operational curriculum is proposed. This study 

revealed that expert teachers learn about their students and use this information to support 

their students’ learning. A new term, socio-academic curriculum is proposed to 

concretize this practice of learning about students. The socio-academic curriculum would 

be defined as “the non-content-related interactions and experiences, between teachers and 

students, that lead to teachers learning about their students’ academic backgrounds and 

social contexts for the purpose of supporting their students’ learning.”  
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CHAPTER 1: INTRODUCTION

 This qualitative case study examined how successful secondary mathematics 

teachers in a large, urban school district in the Southeastern United States integrate 

knowledge of students into their practice. For this study, I drew upon cultural-historical 

learning theory as a theoretical lens through which to study the interactions within these 

classrooms as perceived by the teachers. The research design utilized interviews with 

teachers and the results of this study can contribute to the knowledge base on effective 

teaching practices in secondary mathematics classrooms. Additionally, the results may 

contribute to teacher education programs by providing insight into how these teachers 

learned to integrate knowledge of students into their practice.  

Problem 

 The No Child Left Behind Act of 2001 (NCLB) (No child left behind act, 2001, 

2002) mandated that states bring 100 percent of their students up to academic proficiency 

by the year 2014 by recruiting highly qualified teachers and implementing research-based 

programs. The NCLB definition of a “highly qualified teacher” is that he or she holds at 

least a bachelor’s degree; has full certification, as defined by the state, in the subject area 

in which he or she is teaching; and demonstrates subject-area competency as defined by 

the state (U. S. Department of Education [US DOE], 2006). However, while the U.S. 

Department of Education requires highly qualified teachers in every classroom, it does 

little to require highly effective teachers in every classroom. According to Raudenbush, 

Fotiu, and Cheong (1998), teachers with more experience tend to congregate in more 
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attractive schools, often leaving the neediest students with the least experienced teachers.  

 In 2009, the U.S. Department of Education created the Race to the Top Challenge 

to support further education reform. The initiative calls for “attracting and keeping great 

teachers” (Race to the Top Fund, 2009), especially in high-poverty and high-minority 

schools. Under this grant, the Department of Education defines “effective” teachers as 

“those whose students make significant academic growth” (Race to the Top Fund, 2009). 

Both the NCLB Act and the Race to the Top Challenge obligate states to ensure that they 

attract and retain effective teachers, but the U.S. Department of Education fails to 

delineate what happens in the classroom of a highly effective teacher. 

 Numerous researchers have conducted studies during the last 30 years to discover 

the reasons that so many students are being left behind. According to Raudenbush et al. 

(1998), the single most important factor in student achievement in mathematics is access 

to teachers who emphasize reasoning in their classrooms. Woolfolk (1978) determined 

that a combination of teachers’ positive verbal behavior with negative nonverbal behavior 

influences student performance. Benard (1991), Stockard and Mayberry (1992), and 

Wang, Haertel, and Walberg (1990) determined that a combination of high expectations 

and a supportive classroom environment were important for student achievement. 

Wenglinsky (2002) concluded that student achievement was greater in classes of math 

and science teachers who had a degree in their field, along with having studied 

multicultural and special education as well as English-language development. Finally, the 

Center for Research on Education, Diversity, and Excellence (CREDE) suggests that 

student achievement is greater when teachers contextualize their content by connecting 

curriculum to their students’ experiences in their homes and communities (Center for 

Research on Education, Diversity, and Excellence [CREDE], 2014). Teacher 
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characteristics and instructional practices are important, but what seems to be missing 

from the literature is how the teacher’s knowledge of students affects his or her practice. 

This study will begin to address this gap in the literature by examining how six effective 

secondary mathematics teachers learn about their students and use that knowledge to 

inform their practice. 

Purpose 

 The purpose of this case study was to understand how six National Board 

Certified secondary mathematics teachers integrate knowledge of students into their 

practice to create socio-academic spaces that they believe will lead to student learning. A 

pilot study I conducted in 2007 (Appendix A) revealed six spaces that this study further 

explored. The results of the pilot study suggested that the social and academic needs of 

the students served as the basis for the tasks that teachers set to help students learn and 

develop the cognitive skills and psychological tools of mathematics. By setting the tasks, 

the teachers unwittingly created the spaces where they interacted with the students and 

had the students interact with each other and the curriculum. These spaces provided an 

opportunity for social interaction between two or more participants, or within one person 

as he or she interacted with the curriculum. Some physical spaces that teachers created 

were whole-group instruction, cooperative learning groups, and learning centers. Some 

intellectual spaces that teachers created were wait-time, reflective journaling, and 

conversations with students. These social spaces had an academic goal. Thus, they were 

labeled as socio-academic spaces. This study contributes to the knowledge base on 

effective teaching practices in secondary mathematics classrooms by addressing the 

following research question: 

What are the nature and function of the socio-academic spaces that successful secondary 
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math teachers create as they integrate their knowledge of students into their practice?  

The question has four sub-parts: 

1. What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? 

2. What social knowledge do teachers have about their students, and how did they 

gather this knowledge? 

3. In what ways does the teacher’s knowledge of students influence curriculum and 

instruction?  

4. What are teachers’ perceptions of how they learned to integrate knowledge of 

students into their practice? 

Significance 

 Effective teachers know what prior knowledge and skills students bring to the 

classroom (Banks et al., 2004; Eggen & Kauchak, 2001; Gay, 2000; Ladson-Billings, 

1994a, 1994b; National Council of Teachers of Mathematics [NCTM], 2000; Reynolds, 

1992; Waxman & Téllez, 2002) and understand their students’ social backgrounds and 

experiences. Effective teachers also know the context where their students live and learn 

outside school (Bransford, Derry, Berliner, Hammerness, & Beckett, 2004; Ladson-

Billings, 1994b). Furthermore, they use this knowledge to adapt the instruction to meet 

the needs of the students (Banks et al., 2004; Eggen & Kauchak, 2001; Gay, 2000; 

Ladson-Billings, 1994a, 1994b; NCTM, 2000; Reynolds, 1992; Waxman & Téllez, 

2002). The results of this study can begin to articulate how expert teachers gather this 

knowledge, and how this knowledge relates to their practice.  

 Additionally, the results can support professional development programs that 

utilize reflective analysis, as suggested by Kelly and McDiarmid (2002), and help 
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teachers “develop the skill and knowledge to engage in this learning about the students” 

(Milner, 2013, p. 348). 

Benefits  

 The potential benefit of this study for the participating teachers is that they had 

the opportunity to reflect on and analyze their practices – an important component of 

high-quality professional development (Kelly & McDiarmid, 2002). A potential benefit 

to the school district may be a better understanding of effective teaching practices for 

secondary mathematics – practices that can be shared throughout the district to strengthen 

mathematics education for secondary students.  

Definitions  

 Psychological tools: literal and cognitive tools used in mathematics. Examples 

include manipulatives, formulas and algorithms, and symbolic language. Kozulin (2003) 

best defined this term as “… [S]ymbolic artifacts – signs, symbols, texts, graphic 

organizers – that, when internalized, help individuals master their own natural 

psychological functions of perceptions, memory, attention, and so on” (pp. 15-16). 

 Cognitive skills: mental skills used in the process of learning (North Central 

Regional Educational Laboratory [NCREL], 2004). Examples include exploring, 

analyzing, making and testing conjectures, and applying mathematics in real-world 

contexts. 

 Socio-academic space: social spaces with an academic goal (Cook, 2007). These 

socio-academic spaces are where participants have the opportunities to interact with each 

other and with the curriculum. This term was coined from the 2007 pilot study done by 

the researcher and discussed in Chapter 4.  

 Academic knowledge: the knowledge that teachers have about their students’ 
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academic histories with mathematical content and experiences. 

 Social knowledge: the knowledge that teachers have about their students’ social 

backgrounds, interests, experiences, and perspectives. 

 National Board Certified Teacher: A teacher who has achieved National Board 

Certification by demonstrating strong content knowledge, the expertise to design learning 

experiences that will lead student learning, the capability to use assessment to guide 

instruction, and the capacity to form partnerships with colleagues and parents. 

Theoretical Framework  

 It is important to first identify the theoretical lens through which to study 

classroom culture, activities, and interactions, in order to effectively interpret and analyze 

the characteristics of these teachers’ perceptions of their practice. 

 Cultural-Historical Learning Theory. In his Cultural-Historical Learning 

Theory, Vygotsky (1997) suggested that each culture has its own special thought 

processes. Sign systems, or psychological tools, are born out of a need to accomplish 

social goals and to communicate with others, and they are taught to each successive 

generation through social interactions. It is through these social interactions that the 

higher thought processes develop and we become human and able to manipulate nature 

instead of simply reacting to it. Eventually, every member of a culture must master those 

tools and make them his or her own, first through overt acts, and then as internal 

processes. A child cannot simply be given the tools of the culture. Instead, the child must 

experience them and make them his or her own through overcoming small obstacles 

placed in his path by a teacher, whether that is a classroom teacher, a parent, or a more-

capable peer. These social interactions that a child experiences become internalized and 

eventually become the child’s own psychological tools (Rieber & Carton, 1987). 
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Psychological tools such as literacy and counting systems, signs, symbols, text, formulae, 

and graphic organizers mediate social behavior as well as learning. Using these tools, a 

person begins to master his or her own mental processes and to improve his or her 

performance. In the same way that we master nature and manipulate it for our own 

purposes and goals, we master the psychological tools, and ourselves. Vygotsky (as cited 

in van der Veer & Valsiner, 1991) said it best: 

 Human history is, then, on the one hand the history of man’s growing dominion 

over nature through the invention of tools and the perfection of technology, and 

on the other hand, it is the history of man’s gradual control of the self through the 

invention of “the cultural technique of signs” (p. 220).  

 Of the psychological tools at man’s disposal, language is the most important, 

according to Vygotsky, and it has two functions: to coordinate social experiences and to 

organize one’s own thoughts (van der Veer & Valsiner, 1991). Language is a product of a 

culture, but at the same time, it provides cultural reinforcement because it is through 

social interaction, mediated by language, that a child learns to become a part of a culture. 

By internalizing culturally accepted social interactions, the child begins to apply those 

norms to himself or herself and to conform to cultural standards. In this way, learning is a 

social activity, first between two or more people, then between the child and him- or 

herself. Language, born from a need to communicate with others, moves from external to 

internal, and thinking becomes speaking to oneself.  

 Learning requires more than an applied activity that demonstrates theory or leads 

to mastery (Robbins, 2003). Learning requires a meaningful, goal-oriented activity. These 

activities form a two-way path for the use and acquisition of psychological tools. In a 

meaningful activity, psychological tools mediate the experiences within the activity, and 
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additional tools are acquired because of experiencing the activity. The presence of a goal 

does not necessarily guarantee the development of the psychological tools that the teacher 

assumed would be gained through the activity. These meaningful activities should consist 

of small obstacles that the child must overcome by using tools. But for further learning to 

take place, the child must acquire new tools as a result of experiencing the activity. 

Students must be actively engaged in activities that will help them learn from their 

experiences and from their new reactions to those experiences (Vygotsky, 1997).  

 From Vygotsky’s works, the Cultural-Historical Learning Theory emerges as a 

lens through which to study classroom interaction. Within cultural patterns lie 

psychological tools that have been mastered through man’s historical journey. In the 

quest to interact with others, a child acquires tools (higher mental processes) that allow 

him or her to influence the behaviors of those with whom he or she interacts. Learning 

these tools is always social. First, learning results from the interactions among people – 

external thought. Eventually, those social interactions move inward and become 

individual psychological tools for learning that results from a person’s interaction with 

him- or herself – internal thought.  

 Since learning stems from experiences and from forming new reactions to those 

experiences, activities can provide a child with experiences that will lead his 

development. However, for these activities to lead to further development, they must be 

situated at the actual level of a child’s development and be populated with obstacles that 

the child must encounter and overcome through interactions with others and with him- or 

herself. Through these interactions, the child acquires more psychological tools, uses 

them overtly, and eventually internalizes them. In this way, psychological tools and 

activities are inextricably linked to student learning, teaching, and curriculum. 
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 The discipline of mathematics can be thought of as a culture (Bishop, 1988a, 

1988b) with its own thought processes. It is the teacher’s responsibility to provide 

activities that he or she expects will lead to the learning and development of the cognitive 

skills and psychological tools of mathematics. To plan tasks that are situated at the 

students’ current level of development, the teacher must first know the status of the 

current level. More specifically, the teacher must understand the students’ social and 

academic experiences with mathematical topics as well as their current level of 

knowledge, including the cognitive skills and psychological tools with which the students 

are familiar and adept at using.  

 This study explored the knowledge that successful mathematics teachers have 

about their students and how they obtained this knowledge. Moreover, this study 

explored how teachers use this knowledge to plan tasks and goals that they expect will 

lead to learning and further development of the cognitive skills and psychological tools of 

mathematics. Using the cultural-historical perspective, I designed interview questions to 

elicit information about the knowledge teachers had about their students’ academic and 

social histories as well as how they used that information to create opportunities for 

interaction. 

 Student Learning. What is considered “student learning” in mathematics? In 

Principles and Standards for School Mathematics (2000), the National Council of 

Teachers of Mathematics (NCTM) suggests that learning “requires understanding and 

being able to apply procedures, concepts, and processes” (p. 20). The ability to apply 

procedures, concepts, and processes can be thought of as the cognitive skills of 

mathematics. Some examples of cognitive skills are computing, problem-solving, 

identifying relationships, and generalizing. Thus, student learning could be defined as 
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“the development or extension of the cognitive skills of mathematics.” 

 Missing from this definition, however, are the tools that students use to develop or 

extend their cognitive skills. These tools, developed over time, are an important 

component of mathematics and mathematics education. Some tools used in mathematics 

are physical; others are psychological. Manipulatives such as algebra tiles and 

Geoboards, calculators, protractors, and graphic organizers are examples of the physical 

tools; while mathematical language is an example of a psychological tool. Students 

cannot simply be given these tools to use. They must learn how to appropriately use these 

tools to mediate their own learning. Thus, from a cultural-historical perspective, student 

learning could be defined as “the development or appropriation of the tools of 

mathematics.”  

 Although this study was not about student learning, it was about the knowledge 

that teachers have concerning what their students know and how they use this knowledge 

to plan activities that they expect will lead to further learning. I designed interview 

questions to understand what knowledge teachers have of their students’ cognitive skills 

and psychological tools, as well as their knowledge of the skills and tools that might be 

acquired as a result of a lesson. These interview questions provided the data to answer 

research sub-question 3: In what ways does the teacher’s knowledge of students influence 

curriculum and instruction? 

 Curricula. In his book Analyzing the Curriculum, Posner (2004) delineates five 

types of curricula in schools: (a) the official curriculum – the content included in the state 

standards and the locally adopted textbook and ancillary materials; (b) the operational 

curriculum – the content that the teacher chooses to emphasize and for which the students 

are held accountable; (c) the null curriculum – the content that is not taught; (d) the 
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hidden curriculum – the norms and values that are not explicitly taught but that define 

roles and behaviors deemed appropriate for the school; and (e) the extra curriculum – the 

lessons learned through the extracurricular activities that contribute to a student’s 

development through sports or service clubs. While “content” can be narrowly defined as 

“the concepts or skills that are taught, in mathematics,” this definition leaves out the 

importance of the utility of mathematics. Thus, a definition of “curriculum” as simply 

“content” is too narrow and must be expanded to include the cognitive skills and 

psychological tools of mathematics. This study will help to inform how successful 

teachers, either intuitively or consciously, build the bridge between content – including 

the psychological tools and cognitive skills of mathematics – and a student’s cultural-

historical perspective. 

 How did Posner observe curriculum? Posner (2004) suggests a “process of 

curriculum analysis” (p. 19) and proposes that curriculum analysis is not a 

“straightforward document analysis” (p. 22). Moreover, curriculum analysis requires 

probing into the curriculum, and he provides a thorough set of questions to use when 

analyzing curriculum (p. 20). For this study, I drew on Posner’s curriculum-analysis 

questions when constructing a curriculum-analysis form and interview questions to gather 

data that helped answer the research question about how the teacher’s knowledge of 

students influences curriculum. More specifically, this study explored how the teachers’ 

knowledge of students influences the operational curriculum. 

 It is important to understand how the teacher’s operational curriculum may differ 

from the official curriculum of the state standards or adopted textbook. This study was 

not about evaluating whether teachers are teaching the standards. Rather, it was about 

understanding how they use their knowledge of students to plan for instruction and how 
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their knowledge of students influences the enacted curriculum in the classroom. The 

curriculum that the teacher plans and enacts includes some psychological tools of 

mathematics. In addition to using Posner’s curriculum-analysis questions as a guide, I 

also noted the particular psychological tools and cognitive skills that were integrated into 

the operational curriculum as described by the teacher. An important part of this study 

was to understand how the teacher creates spaces for learning and mastering the 

psychological tools of mathematics. 

 Teacher. The teacher’s role is to draw upon the official curriculum and to design 

learning activities that he or she believes will lead to student learning. While the official 

curriculum might suggest particular content or instructional activities, the teacher must 

choose which activities will take place; what content, skills, and tools they will 

emphasize; and what content they will not address. This becomes the formal curriculum. 

The teacher’s knowledge, beliefs, and attitudes, as well as the skills and experiences that 

the students bring to the classroom, influence both the formal and operational curricula. 

 All learning is social in nature – whether the individual is interacting with others 

or with only himself or herself. These interactions happen whenever students learn 

something new. For example, the teacher might explain a new algorithm and provide a 

few examples – always explaining what he or she is doing. Gradually, the teacher expects 

the students to be able to do more on their own. The students move from interacting with 

the teacher and the curriculum to interacting with their own thinking and the curriculum. 

They may also turn to each other for guidance or assistance. In this way, learning is 

social. Participants create these areas where social interactions take place as they interact 

with the curriculum, either alone or with others. These socio-academic spaces, a term 

coined from the 2007 pilot study, are where participants have the opportunities to interact 
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with each other and with the curriculum.  

 The activities that teachers create or use to support student learning have goals: 

(a) the development or expansion of psychological tools, (b) the development or 

expansion of cognitive skills, and (c) new or deepened content knowledge. Ideally, these 

activities, which include spaces for interaction, are situated at the actual level of the 

student’s development (where he can work independently) and are populated with 

obstacles that the student must encounter and overcome through interactions with others 

and with him- or herself. These obstacles may be exercises that increase in difficulty, or 

problems to solve. The interactions that take place can be between two or more students, 

between the student and the teacher, or simply between the student and the curriculum if 

he or she is working independently. In this way, the teacher and students are creating 

these socio-academic spaces where they interact with each other and the curriculum to 

accomplish the goals of the activities. 

 Students. Students enter the mathematics classroom with skills and prior 

experiences that are as unique as the students themselves. Their individual journey 

through mathematics education, both formal and informal, has provided them with what 

Dewey (1938) would call objective conditions, such as textbooks and prior experiences, 

that have been filtered through their own perceptions and understanding of the world and 

have become internalized. Schools provide the formal journey through mathematics 

education, whereas the informal journey may come through learning the mathematics 

needed to address a problem at home. The tools and skills they have developed, as well as 

their understanding of these tools and skills, are a direct result of these experiences. 

Dewey would call them the students’ internal conditions. Each student’s internal 

conditions affect the spaces the students and the teacher create, the interactions that take 
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place within these spaces, and how the students acquire new skills and tools.  

 Yackel and Hanna (2003) claim that classroom interactions can enhance the 

conceptual understanding that is essential to learning with understanding, and Lampert 

and Cobb (2003) suggest that social interactions can help students see the connectedness 

of mathematics. It is important, then, to better understand the opportunities teachers 

create for students to interact with themselves, with each other, and with the curriculum. 

In this study, I examined the ways that teachers integrate their knowledge of students to 

understand the relationship between teacher knowledge of students and classroom 

interactions. I then used this understanding of how teachers use their knowledge of 

students to identify and describe the characteristics of the socio-academic spaces where 

classroom participants interact. This study focused on the teacher-reported interactions 

that take place in two domains: (a) between the teacher and the formal curriculum, and 

(b) among the teacher, the students, and the enacted curriculum, as they reflectively 

integrate their knowledge of students into their practice.   
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CHAPTER 2: LITERATURE REVIEW

 This literature review consists of six sections: (a) effective teaching practices 

situated within the six principles of a high-quality mathematics education set forth by the 

National Council of Teachers of Mathematics (NCTM), (b) teachers’ knowledge of 

students, (c) psychological tools, (d) curriculum analysis, and (e) National Board 

Certification. Literature on effective teaching practices was reviewed to understand the 

practices within the mathematics education and multicultural education communities that 

support student learning. Literature regarding teachers’ knowledge of students was 

reviewed to understand what knowledge teachers need to have about their students and 

how they use that knowledge to inform their practice. Literature on Vygotsky’s 

psychological tools was reviewed to aid in identification of these tools during data 

analysis. An overview of Posner’s method for analyzing curriculum is provided. National 

Board Certification literature was reviewed to understand the context of the participants 

and to provide justification for their selection as participants. 

Effective Teaching Practices 

A large body of work (Brophy, 1988; Evertson, Emmer, & Brophy, 1980; Porter 

& Brophy, 1988) exists from the 1980s regarding teacher effectiveness in which 

researchers tried to determine which teaching behaviors most closely related to increased 

student achievement. The U.S. Department of Education claims that teaching has 

changed since the advent of the standards movement of the 1990s, a movement that 

sought to reform education by setting new standards for teaching and learning. However, 
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there are effective teaching behaviors identified in the 1980s (Brophy, 1988; Evertson et 

al., 1980; Porter & Brophy, 1988) that are still considered effective practices in the recent 

literature.  

In 1989, NCTM published the original Curriculum and Evaluation Standards for 

School Mathematics “to ensure quality, to indicate goals, and to promote change” 

(NCTM, 1989, p. 6). This document set five goals for all students: learn to value 

mathematics, reason mathematically, communicate mathematically, become confident in 

their mathematical abilities, and become mathematical problem-solvers. In 1991, NCTM 

followed up with the publication of Professional Standards for Teaching Mathematics, 

that suggested placing more emphasis on active engagement of students, both 

individually and in groups, as they explore, analyze, make and test conjectures, and apply 

mathematics in real-world contexts. These standards also called for the increased use of 

technology and concrete materials, as well as the integration of assessment within the 

curriculum as a means for learning. Additionally, these standards provided a guide for 

teachers to move away from being the sole keeper and dispenser of knowledge and 

toward a more facilitative teaching style that required providing guidance and support for 

students as they tackled worthwhile tasks and constructed their own knowledge.  

These teaching standards of 1991 called for teachers to provide students with 

opportunities to work on worthwhile mathematical tasks in a supportive learning 

environment that is suited to the task and values student input. Students should be 

expected and encouraged to take risks and make sound mathematical arguments as they 

work either independently or collaboratively. Teachers should engage students by 

responding to their questions and ideas, providing feedback and challenging their 

thinking, and providing them with opportunities to do the same with each other. 
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Additionally, teachers should consistently analyze their teaching and the students’ 

learning in order to ensure that students are making progress toward the five goals 

mentioned earlier. Teaching creates a number of spaces within which teachers and 

students interact. Most importantly, it creates a supportive learning environment 

evidenced by the decisions teachers make about curriculum and instruction, the 

interactions that take place, and the physical settings that teachers create. More research 

is needed to focus on how effective teachers create these spaces and how these spaces 

might support student learning. The interview protocols that I developed for this study 

reflect these effective teaching practices that focus on teacher knowledge of students. 

In 1995, NCTM published Assessment Standards for School Mathematics 

(NCTM, 1995). The assessment standards called for teachers to ensure that assessment 

reflected the mathematics that students should know and be able to do and should 

enhance learning. Assessment should also be an open, coherent process that promotes 

equity and valid inference. The standards called for more emphasis on a variety of 

assessments that would support all students as they endeavor to meet the high standards 

and expectations set for them. Throughout the late 1990s, NCTM set out to revise and 

update the three original standards documents; the result was the 2000 publication of 

Principles and Standards for Teaching Mathematics. This most recent publication sets 

forth six principles that describe a “high-quality mathematics education” (NCTM, 2000, 

p. 11), and standards for mathematics from pre-kindergarten through grade 12. The six 

principles are equity, curriculum, teaching, learning, assessment, and technology, each of 

which represents an area where teachers and students interact with each other and the 

curriculum. In the next section, I discuss each of these principles, along with literature on 

effective teaching practices relevant to the respective principle.  
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NCTM’s Six Principles 

 Equity. The equity principle calls for high standards and expectations for all 

students, and the support and accommodations they might need in order to reach those 

standards. Effective teachers believe that all students can succeed – a basic tenet that 

permeates the literature (Banks et al., 2004; Eggen & Kauchak, 2001; Ladson-Billings, 

1994b). Effective teachers clearly communicate these high expectations to the students 

(Reynolds, 1992) along with the purpose for learning what they are being asked to learn 

(Porter & Brophy, 1988).  

Having high standards and expectations for all students is not enough, however. 

Effective teachers provide the support and accommodations that students may need. 

Teachers know what prior knowledge and skills that students bring to the classroom, and 

they use that knowledge to adapt the instruction to meet the needs of the students (Banks 

et al., 2004; Eggen & Kauchak, 2001; Gay, 2000; Ladson-Billings, 1994a, 1994b; 

NCTM, 2000; Reynolds, 1992; Waxman & Téllez, 2002). Teachers know their students’ 

strengths and interests, build an instructional bridge between what students know and 

what they are learning, and support student learning through accommodations, 

technology, extra assistance, and even enrichment activities (NCTM, 2000). 

 Curriculum. The curriculum principle calls for a “coherent, well-articulated” 

curriculum “focused on important mathematics” (NCTM, 2000, p. 14). Effective teachers 

strive to help students understand the structure of mathematics and how ideas build upon 

one another (Brophy, 1988; NCTM, 2000) by situating the ideas in a variety of contexts 

that help students learn “terminology, definitions, notations, concepts, and skills” 

(NCTM, 2000, p. 15). 

 Teaching. The teaching principle calls for teachers to know their subject, their 



 19 

students, and pedagogical strategies that can support student learning. As in the equity 

principle, effective teachers understand what knowledge and skills their students bring 

with them and use a variety of strategies to support and assess learning. Moreover, they 

plan lessons and ask questions that allow them to assess this prior knowledge and to 

design instructional activities that bridge the gap between what students know and what 

they are learning. They provide examples and multiple representations of ideas and 

concepts (Eggen & Kauchak, 2001; Waxman & Téllez, 2002) and create a learning 

environment where students can engage in meaningful mathematics. No magic 

instructional strategy works best at all times. Effective teachers choose from their 

repertoires to arrange physical and social settings that facilitate learning and meet the 

needs of the students as well as the task. They also determine the best way to represent 

the subject matter (Gay, 2000; Reynolds, 1992), using frequent presentations and 

demonstrations with the whole class, as opposed to individual seatwork (Brophy, 1988; 

Evertson et al., 1980), and learning tasks and examples (Eggen & Kauchak, 2001). 

 Effective teachers know their students because they observe them and listen to 

their ideas and explanations (Daniels & Bizar, 2005; Evertson et al., 1980; Ladson-

Billings, 1994a; NCTM, 2000), and they develop a rapport with their students through 

their interactions (Eggen & Kauchak, 2001; Gay, 2002; Reynolds, 1992; Waxman & 

Téllez, 2002). 

 Learning. The learning principle calls for a more constructivist approach, with 

students “actively building knowledge from experience and prior knowledge” (NCTM, 

2000, p. 20). Effective teachers plan activities that challenge students and provide them 

with opportunities to take responsibility for their own learning (Daniels & Bizar, 2005; 

NCTM, 2000). They teach students the strategies they need to monitor their own 
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learning, reflect on their thinking, and learn from their mistakes (Daniels & Bizar, 2005; 

Porter & Brophy, 1988).  

According to Yackel and Hanna (2003), classroom interactions and discourse 

permit students to make and analyze conjectures and develop reasoning skills. These 

social interactions within the classroom that focus on the content are beneficial for 

English-language learners (Waxman & Téllez, 2002) and for non-white students (Gay, 

2002; Ladson-Billings, 1994b). However, the discourse is most powerful when it is 

focused and guided by the teacher (U. S. Department of Education, 2000). Further, social 

interactions help students find their own relationships within and between topics and to 

construct their own knowledge (Eggen & Kauchak, 2001; NCTM, 2000). 

 Assessment. The assessment principle calls for assessment that supports learning 

and provides information to the teacher and the students. Effective teachers use 

assessment not only to guide their instructional decisions, but also to help students 

monitor and guide their own learning. They utilize a variety of assessments that build on 

the instruction and that reflect what students have learned, what they should know, and 

the kind of performance the teacher expects. They also use a variety of techniques to 

understand what students can do in different situations. What students can do in the 

presence of others on an open-ended task might be very different from what they can do 

independently on a timed paper-pencil test. Teachers choose the assessment that meets 

the goals of the task and provides the information they need in order to guide their 

instruction. 

Feedback is another practice that is highly touted in the teacher-effectiveness 

literature (Banks et al., 2004; Brophy, 1988; Eggen & Kauchak, 2001; Porter & Brophy, 

1988; U. S. Department of Education, 2000; Waxman & Téllez, 2002). In fact, Black and 
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William (1998) found that descriptive feedback has the potential to raise student 

achievement from the 50th to the 85th percentile. Effective teachers provide feedback so 

that students can be responsible for their own learning and become more independent. 

This good feedback is evidenced by scoring guides, rubrics, discussions of criteria for 

appropriate responses, and opportunities to self-assess and peer-assess (NCTM, 2000).  

 Technology. The technology principle calls for teachers to use technology to 

enhance learning. Effective teachers choose the appropriate technology that enables 

students to make and to explore conjectures both independently and cooperatively, and to 

provide multiple representations of mathematical concepts. Technology frees students 

from the arduous task of repetitive calculations, thereby extending the range of activities 

that students can tackle and enhancing mathematical learning (NCTM, 2000). The use of 

technology allows for exploration where students can find patterns and make connections 

between topics – an important practice for developing cognitive skills (Eggen & 

Kauchak, 2001). 

Effective teaching practices linked to student achievement have mostly been 

studied in elementary reading and mathematics, and according to Brophy (1988), most of 

the generalizable effective teaching practices linked to student achievement have already 

been discovered. The next step is for researchers to study “instruction in particular 

subject matter at particular grade levels that focus attention on the nature of the content or 

skills to be taught and on related subject matter-specific pedagogy” (Brophy, 1988, p. 

256). 

Of the six NCTM Principles, five are particularly relevant to this study: equity, 

curriculum, teaching, assessment, and technology. This literature review revealed some 

effective teaching practices within these principles that might be identified in the 
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classrooms of effective teachers. These practices include: (a) holding high standards for 

all students and providing support to reach those standards (Banks et al., 2004; Eggen & 

Kauchak, 2001; Ladson-Billings, 1994b), (b) choosing appropriate instructional strategies 

to meet the needs of the students as well as the mathematical tasks (Banks et al., 2004; 

Eggen & Kauchak, 2001; Gay, 2000; Ladson-Billings, 1994a, 1994b; NCTM, 2000; 

Reynolds, 1992; Waxman & Téllez, 2002), (c) choosing or creating effective formative 

and summative assessments and providing meaningful feedback (Banks et al., 2004; 

Brophy, 1988; Eggen & Kauchak, 2001; Porter & Brophy, 1988; U. S. Department of 

Education, 2000; Waxman & Téllez, 2002), (d) creating a safe classroom community 

with opportunities for social interaction (Gay, 2002; Ladson-Billings, 1994b; Waxman & 

Téllez, 2002), and (e) planning meaningful activities that are relevant to the students’ 

academic and social needs. 

Teachers’ Knowledge of Students 

 What should teachers know about their students? In a high school classroom, a 

typical student has received formal mathematical instruction from nine or 10 different 

teachers. Additionally, each student hails from a unique social context where he or she 

lives and learns, both in school and outside school. A teacher must have an idea of the 

social and academic journeys that each student has taken. 

 This knowledge of students is a fundamental component of Shulman’s (1987) 

pedagogical content knowledge (PCK) - the intersection of the teacher’s content 

knowledge and pedagogical knowledge, and knowledge of learners that allows the 

teacher to represent and adapt the content based on the needs, abilities, and interests of 

the students. The question then becomes “How do successful teachers learn about their 

students and integrate that knowledge into their practice?” Mayer and Marland (1997) 
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used in-depth, unstructured interviews with five highly effective primary teachers to learn 

about the teachers’ knowledge of students, how they acquired that knowledge, and how 

they used that knowledge in the classroom. Supervisors recommended the five teachers 

as “highly effective,” and they all worked in primary grades in a variety of educational 

settings.  

The researchers found that teachers most often reported knowledge of ability and 

previous schooling when referring to the class as a whole. When discussing groups within 

the class, the teachers reported knowledge of academic skills and abilities. When 

discussing individual students, they promptly recollected “extensive” (Mayer & Marland, 

1997, p. 25) and “intensely personal” (p. 25) information about abilities and family 

backgrounds. Thus, teacher knowledge of students can be regarded as having two strands: 

academic knowledge and social knowledge. 

 Academic knowledge. What academic knowledge should teachers have about 

their students? As teachers plan for instruction, they make decisions about how to best 

represent the content to the students (Shulman, 1987). However, to be most effective, 

these representations must be connected to what students know and can do (Bransford et 

al., 2004; NCTM, 2000). Thus, teachers should know what formal knowledge their 

students have about the content. 

Along with formal knowledge of mathematics, each high school student has had 

at least 14 years of informal experience with mathematics. In solving everyday problems 

outside school, students gain a variety of experiences within different mathematical 

domains (Carraher, Carraher, & Schliemann, 1987; Saxe, 1988) that, Hiebert (1988) 

suggests, students can draw upon as a foundation for learning. To be effective, teachers 

must understand students’ informal knowledge. Teachers should also know their 
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students’ mathematical interests and their confidence levels (NCTM, 2000; Shulman, 

1987) so that they can choose problems and content that will sufficiently engage and 

challenge the students. 

Knowing how is just as important as knowing what. Teachers should be aware of 

how their students acquired their formal and informal knowledge about mathematics, in 

order to determine the most effective path for instruction. For example, have they been 

consistently assigned to teachers who require them to discuss their work and explain their 

thinking? Or, conversely, have they been assigned to teachers who emphasized rote 

memorization of procedures? Villegas and Lucas (2002) contend that students who have 

been taught to see mathematics as discrete chunks of knowledge, with little relevance 

outside the classroom, might see mathematics as “boring, alien to their lives, and devoid 

of personal meaning” (p. 26). These academic experiences will impact the expectations 

that students bring to the current classroom. Thus, it is important for teachers to be 

knowledgeable about these experiences and to plan accordingly. 

 Deborah Ball has extensively studied what knowledge is important for 

mathematics teachers to be successful (Ball, Thames, & Phelps, 2008; Hill & Ball, 2009; 

Hill, Blunk, et al., 2008; Stylianides & Ball, 2008). Specifically, her studies have 

examined what content knowledge is most crucial for effective mathematics teaching. 

Hill and Ball (2009) identified “horizon knowledge” (p. 70) as “a view of the larger 

mathematical landscape” (p. 70) as an additional aspect of teacher knowledge. Hill and 

Ball (2009) submit that teaching requires “common content knowledge” (p. 70) that 

informs basic teaching tasks – determining correct answers, as well as understanding 

definitions of concepts and algorithmic processes. Ball et al. (2008) found that effective 

teachers exhibit “mathematical knowledge for teaching” (p. 394), a blend of content 
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knowledge of mathematics with knowledge of students, teaching, or curriculum. 

 Hill, Ball, and Schilling (2008) took this a step further and found that teachers 

also hold “knowledge of content and students” (p. 373) – a subset of PCK that is distinct 

from their subject-matter knowledge. Using a mixed-methods design, they found that 

mathematics teachers in the elementary grades do have a specialized understanding of 

how students think about and learn mathematics, especially common student errors. 

 During a mathematics professional development institute, teachers took a post-test 

to measure their subject-matter knowledge. From these results, 50 teachers with very high 

or very low subject-matter knowledge scores were selected to participate in follow-up 

interviews. The researchers used a think-aloud strategy to understand how these teachers 

thought about answers to multiple-choice mathematics questions. They found that all of 

the teachers in this interview group, regardless of subject-matter knowledge, were able to 

identify possible ways of student thinking and common errors. 

Ball (2000) suggests that teachers are challenged to integrate their content 

knowledge with pedagogy in order to make the subject matter accessible to all students. 

Although some teachers possess extensive content knowledge, they are not able to utilize 

that knowledge to effectively represent the content to their students (Ball, 2000). Her 

position is that effective teachers analyze the curriculum, based on their knowledge of 

their students, in order to make curricular and instructional decisions – and that research 

is still needed to understand how teachers learn to use their content knowledge within 

their practice. Teachers who understand their students’ academic experiences, both inside 

and outside the classroom, can draw on this knowledge and integrate it with their content 

knowledge to find ways to make the curriculum meaningful and relevant to their students 

(Feiman-Nemser & Melnick, 1992; Moll & Gonzalez, 1997). 
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 Social knowledge. What social knowledge should teachers have about their 

students? There is a body of literature regarding what social knowledge teachers should 

have about their students (Bransford et al., 2004; Gay, 1988; Horowitz et al., 2004; 

Ladson-Billings, 1994b; Milner, 2013). Gay (1988) asserts that teachers must consider 

their students’ backgrounds, perspectives, and experiences when choosing content and 

learning activities. For this to happen, teachers need to understand their students’ social 

backgrounds and experiences. What are their “histories as individuals”? (Bransford et al., 

2004, p. 55) – both within their culture and as a student? These experiences will impact 

the perspectives that these students have on what they know, as well as on how they learn 

(Horowitz et al., 2004). Milner (2013) concludes that it is essential for teachers to 

“connect with students and build relationships with them” (p. 348). 

Gay (1988) also proposes that teachers must understand the values, traditions, 

communication styles, learning styles, and relational patterns of the different cultural 

groups. Ladson-Billings (1994b) suggests that teachers should understand the context 

where the students live and learn outside school and use this information to shape their 

practice. To accomplish this, teachers must observe and listen to their students, gather 

information that provides insight into their students’ social contexts, and then integrate 

that knowledge into their instruction. 

How do researchers investigate a teacher’s knowledge of students? The 

conventional method for investigating a teacher’s academic knowledge of students is to 

utilize in-depth interviews to explore the teacher’s “topic-specific knowledge of students” 

(Hill, Blunk, et al., 2008, p. 372), or their knowledge of students’ thinking about limited 

mathematical topics (Carpenter, Fennema, Peterson, Chiang, & Loef, 1992; Morris, 

Hiebert, & Spitzer, 2009; Tanisli & Kose, 2013; Tsamir, Tirosh, Levenson, Tabach, & 
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Barkai, 2014; van Dooren, Verschaffel, & Onghena, 2002). Likewise, the typical method 

for investigating a teacher’s social knowledge of his or her students is also through 

interviews (Ladson-Billings, 1994b; Mayer & Marland, 1997). 

To use their academic and social knowledge of their students in their practice, 

teachers must, of course, first gather that knowledge. The question then becomes, “How 

do effective mathematics teachers learn about their students and integrate this knowledge 

into their practice?” The current study might help to illuminate ways in which teachers 

learn about their students’ academic and social backgrounds and integrate this knowledge 

into their practice. 

Curriculum Analysis 

 Posner (2004) proposes a model of five concurrent curricula: official, operational, 

hidden, null, and extra. The hidden curriculum consists of the norms and values 

embodied by the school or school system, and inadvertently, teaches students about 

acceptable and appropriate roles and behaviors and what knowledge is valued (Giroux & 

Purpel; 1983). The null curriculum (Eisner, 1994) consists of the subjects not taught, such 

as philosophy, dance, and parenting skills (Posner, 2004). Finally, the extra curriculum 

includes all of the planned experiences outside the official curriculum and includes 

activities such as sports, clubs, and performing arts. While these three curricula are 

important and contributory to a student’s learning experience, the real focus of the current 

study is how the official curriculum becomes the operational curriculum. 

 The official curriculum is the documented curriculum that is approved by states 

and school districts; typically, it consists of a scope and sequence, a syllabus, a content 

outline, standards, textbooks, a course of study, and planned experiences. In analyzing 

the official curriculum, one must first define the scope of the analysis. The official 
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curriculum can be analyzed with a wide-angle lens, examining the entire educational 

experience as described by the state or district. Or the focus can be narrowed to analyze 

one lesson within one state-adopted textbook. 

 Posner (2004) suggests that after a school district selects a curriculum, teachers 

are still charged with selecting and adapting the curriculum for use with their students. 

The selection process leads to what others (Remillard, 1999; Stein, Grover, & 

Henningsen, 1996) would call the “intended curriculum.” The intended curriculum, 

which may differ from the official and operational curricula, is heavily influenced by the 

teacher’s knowledge, beliefs, and attitudes (Ben-Peretz, 1990; Posner, 2004). 

 Once the teacher takes the official and intended curricula to the classroom and 

begins interacting with students, it transforms into the operational curriculum – the 

content that is actually taught to the students and the standards to which students are held 

accountable. This curriculum is also known as the “enacted curriculum” (Gehrke, Knapp, 

& Sirotnik, 1992; Remillard, 1999; Stein et al., 1996). How did Posner analyze 

curriculum? Posner (2004) suggests a “process of curriculum analysis” (p. 19) and 

proposes that curriculum analysis is not a “straightforward document analysis” (p. 22). 

Moreover, curriculum analysis requires probing into the curriculum, and he provides a 

thorough set of five questions and 45 sub-questions to use when analyzing curriculum (p. 

20). Although a detailed analysis of a curriculum using all five sets of questions is not 

always warranted, the questions do provide a framework for analyzing the portion of the 

curriculum under study. 

 Many of Posner’s curriculum-analysis questions deal with analyzing the entirety 

of the official curriculum, including the history and purpose of creating the curriculum, 

the assumptions underlying the content and how it is organized, how it should be 
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implemented, and how it is evaluated. Some questions, however, relate directly to 

understanding the nature of the official and the enacted curricula. These are: 

1. What types of learning objectives are included and emphasized in the curriculum? 

2. What are the primary ways in which the curriculum represents the subject matter 

to the students? 

3. How is it determined if students have met the standards? 

4. To what extent does the curriculum take into account the students’ cultural, 

ethnic, or social backgrounds? 

These questions were used as a basis for creating a curriculum-analysis guide to answer 

research sub-question 3: In what ways does the teacher’s knowledge of students influence 

curriculum and instruction? The curriculum-analysis guide was then used to review 

documents from the official curriculum. 

Psychological Tools of Mathematics  

 The discipline of mathematics can be thought of as a culture with its own thought 

processes. It is the teacher’s responsibility to provide activities that they expect will lead 

to learning and to the development of the cognitive skills and psychological tools of 

mathematics. To plan tasks that are situated at the students’ current level of development, 

the teacher must first know the status of the current level. More specifically, the teacher 

must understand the students’ social and academic experiences with mathematical topics, 

as well as their current level of knowledge, including the cognitive skills and 

psychological tools that the students are familiar with and adept at using. 

 According to Kozulin (2003), psychological tools are “signs, symbols, texts, 

formulae, and graphic organizers” (p. 15) that help a student learn and organize his or her 

knowledge. These tools can be literal, such as technology and manipulatives; or they can 
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be cognitive in nature, such as formulae and tables. The acquisition of psychological 

tools requires more than mere content instruction. Instead, the teacher must deliberately 

emphasize the generalizability of the tool. Without this emphasis, the student might 

misunderstand the nature of the psychological tool as an extension of the content rather 

than as a tool for learning. 

 What are typical psychological tools of mathematics? The foremost psychological 

tool of mathematics is symbolic notation. Numbers, mathematical signs and symbols, and 

graphic representations are convenient, and they make computations easier than dealing 

with the written word. For example, the sentence, “Circle O is congruent to circle P” can 

be concisely written using symbols: ⊙O ≅ ⊙P. Formulas serve a similar function. For 

example, the sentence “The area of a rectangle is equal to the product of its length and 

width” can be concisely written as: A = lw. Tables and graphic organizers also serve as 

psychological tools of mathematics because of their function in helping to organize 

knowledge. According to Zollman (2009), visual organizers help students to sort 

information, structure concepts, and identify relationships. 

 NCTM (2000) advocates the use of manipulatives – physical items used to 

represent a mathematical problem or concept – to help students learn math. Some 

examples of commonly used manipulatives are coins, algebra tiles, and attribute blocks. 

Studies show that manipulatives help students to learn and increase their understanding of 

math concepts (Boggan, Harper, & Whitmire, 2010; Moch, 2001). For this reason, 

manipulatives used in the mathematics classroom can be considered psychological tools. 

 Another psychological tool increasingly found in today’s classroom is technology. 

Many of the computational and graphing functions encountered in a mathematics lesson 

can be performed using appropriate technology. Freeing students from the tedious task of 
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performing multiple computations and hand-drawing graphs allows the students to move 

beyond the functional task to the higher mental processes, such as analysis and making 

conjectures (Iiyoshi, Hannafin, & Wang, 2005). 

National Board Certified Teachers 

 The National Board of Professional Teaching Standards (NBPTS) was founded on 

five core propositions for teaching that signal accomplished teaching practices, two of 

which focus on teacher knowledge of students. In this section, I will briefly describe the 

certification process, paying particular attention to the portfolio requirements surrounding 

teacher knowledge of students. Then, I will provide a brief overview of the literature 

regarding National Board Certified Teachers (NBCTs) utilizing their knowledge of their 

students in their practice. 

 As part of the certification process, candidates are required to submit four 

portfolio entries, each of which is tied to specific standards within the core propositions. 

Two entries (Entries 2 and 3) measure the single standard in Core Proposition 1, and 

three entries (Entries 1, 2, and 3) measure the three standards in Core Proposition 2. The 

candidates also take a content knowledge assessment (National Board of Professional 

Teaching Standards [NBPTS], 2013a). Of the five core propositions set forth by the 

NBPTS, Propositions 1 and 2 are of prime importance for the current study. Proposition 1 

states, “Teachers are committed to students and their learning” (NBPTS, 2002, p. 3). 

Accomplished teachers know the social histories of their students and integrate this 

knowledge into their practice. Specifically, “They adjust their practice based on 

observation and knowledge of their students’ interests, abilities, skills, knowledge, family 

circumstances, and peer relationships” (NBPTS, 2002, p. 3). 

 Proposition 2 states, “Teachers know the subjects they teach and how to teach 
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those subjects to students” (NBPTS, 2002, p. 3). Accomplished teachers know the 

academic histories of their students and integrate this knowledge into their practice. 

Specifically,  

They are aware of the preconceptions and background knowledge that students 

typically bring to each subject and of strategies and instructional materials that 

can be of assistance. They understand where difficulties are likely to arise and 

modify their practice accordingly. Their instructional repertoire enables them to 

create multiple paths to the subjects they teach, and they are adept at teaching 

students how to pose and solve their own problems (NBPTS, 2002, p. 3). 

 Entry 1 in the National Board submission process requires the candidate to submit 

samples of student work for two instructional activities and to demonstrate how he or she 

designed learning experiences that built on the students’ current level of understanding. 

Applicants are also asked to provide a context for the instructional choices, along with a 

description, reflection, and analysis of their teaching. This entry measures Core 

Proposition 2 and constitutes 16 percent of the candidate’s score. 

 Entry 2 asks the candidate to submit a 15-minute video recording showing how he 

or she works with students as a whole-group, using questioning to develop a 

mathematical idea. The candidate is expected to demonstrate how to “engage students in 

mathematical discourse… within a stimulating and inclusive environment” (NBPTS, 

2013b, part 2, p 14). Candidates are also asked to provide an analysis of the recording 

and materials, along with a reflection of the lesson. This entry measures Core 

Propositions 1 and 2 and comprises 16 percent of the candidate’s score. 

 Entry 3 asks the candidate to submit a 15-minute video recording showing how he 

or she works with students in small groups to collaborate and develop mathematical 
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thinking. The candidate is required to use technology or manipulatives, and is expected to 

demonstrate how he or she models questioning, thinking, and reasoning strategies that 

promote interaction within the group. The candidate is also asked to provide an analysis 

of the recording and materials, along with a reflection of the lesson. This entry measures 

Core Propositions 1 and 2 and constitutes 16 percent of the candidate’s score. 

 Studies by Park and Oliver (2008) and Tracz, Daughtry, Henderson-Sparks, 

Newman, and Sienty (2005) confirm that NBCTs possess knowledge of their students 

and are able to articulate how they use that knowledge in their practice. Park and Oliver 

(2008) used a combination of observations, interviews, and reflections to follow three 

high-school science candidates throughout their initial certification process. The 

researchers found that the process of creating the portfolio helped the teachers become 

“more alert to individual differences” (p. 825) such as “prior knowledge, achievement 

levels, interests, learning styles, etc.” (p. 825). More importantly, the results of their study 

suggest that the teachers were able to document how they use their knowledge of students 

in their practice. Park and Oliver also found that the teachers adjusted their instruction to 

meet the needs of their students in a variety of ways: They varied their instruction and the 

groupings based on their knowledge of their students’ learning styles, abilities, 

achievement levels, interests, backgrounds, and personalities.  

 Tracz et al. (2005) interviewed 25 National Board candidates to understand the 

teachers’ perceptions of how the certification process impacted their teaching. Twenty-

two of the participants received certification in various areas, including Generalist, 

Exceptional Needs, English/Language Arts, and Science. The 25 teachers indicated that 

they became more aware of individual students, and they discussed ways that their 

knowledge of students led to modifications of their teaching. The teachers also expressed 
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that the certification process made them more aware of the decisions they made in 

working with the official curriculum. More importantly, they considered how the 

curriculum related to their students’ interests. 

 Tracz et al. (2005) focused on the teachers’ perceptions of how the certification 

process impacted their practice. Although the researchers did find that teachers reported 

an increased awareness of how they integrated their knowledge of students into their 

practice, the knowledge they reported using was mainly limited to learning styles. The 

study did not examine the breadth of social or academic knowledge the candidates had 

about their students. They also found that the certification process enhanced the teachers’ 

awareness of their students’ needs and provided the impetus for modifying their teaching 

to respond to those needs. The self-reflective analysis helped them to articulate the 

curricular and instructional decisions they made and these decisions focused on making 

the curriculum accessible to their students. 

 NBCTs have proven their ability to articulate the decisions they make in adapting 

instruction based on their academic and social knowledge of their students (NBPTS, 

2002; Park & Oliver, 2008; Tracz et al., 2005). They are not required, however, to 

articulate the breadth of their knowledge within each domain. Nor are they expected to 

explain how they gathered this knowledge. The current study may help researchers 

further understand the breadth of knowledge that accomplished teachers have about their 

students and how they gathered that knowledge.
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CHAPTER 3: METHODOLOGY 

 The purpose of this case study was to understand how six National Board 

Certified secondary mathematics teachers integrate knowledge of students into their 

practice to create socio-academic spaces that, they believe, will lead to student learning. 

The study focused on the teacher-reported interactions within two domains: (a) between 

the teacher and the official curriculum; and (b) among the teachers, the students, and the 

enacted curriculum. The spaces the teachers created were determined by building on a 

foundation of six spaces identified in a pilot study. This study contributes to the 

knowledge base about effective teaching practices in secondary mathematics classrooms 

by addressing the following over-arching research question: “What are the nature and 

function of the socio-academic spaces that successful secondary math teachers create as 

they integrate their knowledge of students into their practice?” 

 The question has four sub-parts: 

1. What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? 

2. What social knowledge do teachers have about their students, and how did 

they gather this knowledge? 

3. In what ways does the teacher’s knowledge of students influence curriculum 

and instruction?  

4. What are teachers’ perceptions of how they learned to integrate knowledge of 

students into their practice. 
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 These questions were addressed through a qualitative case-study design that 

utilized interviews and document review. Creswell (2007) suggests that a qualitative 

case-study design affords the researcher an opportunity to study complex phenomena in 

their natural contexts. Teaching is a complex, multidimensional task requiring the teacher 

to make professional decisions regarding curriculum and instruction. The qualitative 

case-study design allowed the voices of the teachers to be heard and their decisions to be 

understood. Since I was trying to understand the perceptions of how successful teachers 

integrate their knowledge of students into their practice, interviews provided a variety of 

perspectives, as well as plentiful data for analysis. Documents provided a second source 

of data that enriched the description of the context within which these teachers work, and 

they provided evidence of the ways that teacher knowledge of students impacts 

curriculum and instruction. Pseudonyms have been used to protect the identity of the 

school district, the schools, and the participants.  

Site Selection 

 The site for this study is one school district in a Southeastern state. With its 

diverse student population, this site allowed me to locate a sample of secondary 

mathematics teachers who have demonstrated excellent teaching practices through their 

achievement of National Board Certification. During the 2012-2013 school year, the 23 

high schools in this district served 53,773 students. The high-school student population 

was 40 percent white and 60 percent non-white (School district figures, 2012). The 33 

middle schools in this district served 39,749 students. The middle-school student 

population was 36 percent white and 64 percent non-white. In this district, high schools 

serve students in grades 9 through 12 while middle schools serve students in grades 6 

through 8. Six teachers from two middle schools and three high schools agreed to 
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participate in this study. 

 In this state, schools are rated using a letter-grade system that is based on student 

performance as well as other criteria. Fifty percent of a high school’s grade is determined 

by student performance on the Algebra 1 end-of-course (EOC) exam, the Biology EOC 

exam, FCAT Reading, FCAT Writing, and the learning gains of all students. For middle 

schools, 50 percent of the grade is determined by student performance on the FCAT 

Reading, FCAT Writing, and FCAT Math, and the other 50 percent of the grade is 

determined by the learning gains of all students. Table 1 provides a snapshot of the 

school grade and the student population in the schools where the teachers in this study 

worked.  

 

Table 1 

School Characteristics 

School 
Grade 
Levels 

Teacher 

Number 

of 

Students 

Non-

White 

Student 

Percentage 

School 

Grade 

(2012) 

Virtual High School 6-12 Janet 128 37 A 

Western High School 9-12 Elsa 2,016 74 C 

Southern High School  9-12 
Patty and 

Terri 
2,951 38 A 

Downtown Middle School 6-8 Christy 1,204 96 A 

Eastern Middle School 6-8 Gina 1,113 84 B 
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Participant Selection 

 NBPTS certification is a mark of distinction in the field of education, and teachers 

who hold this certification in their field have demonstrated accomplished teaching 

practices through performance-based assessments. The standards required to earn this 

certification describe high levels of teaching with all levels of students, and this district 

maintains that “the ultimate result is improved performance and achievement” for its 

students (School district figures, 2013, General information section, para. 3). 

 Three of the four portfolio entries require successful candidates to articulate their 

social and academic knowledge of their students and then to discuss how they used that 

knowledge in planning for instruction. Studies conducted by Park and Oliver (2008) and 

Tracz et al. (2005) confirm that NBCTs do possess and use this knowledge about their 

students. Furthermore, Tracz et al. (2005) found that the self-reflective analysis 

completed while preparing the portfolio entries helped the teachers to articulate the 

curricular and instructional decisions they made based on their knowledge of their 

students. It is likely that teachers who are not National Board certified also have 

knowledge of their students that influences their practice. However, NBCTs have a 

proven track record of supporting their instructional and curricular decisions based on 

their knowledge of their students. For this reason, they might have been more likely to 

articulate the intricacies of their practice during interviews, making them excellent 

candidates for this study. 

 After receiving approval from Florida Atlantic University’s Institutional Review 

Board (IRB) for the current study (Appendix B), I utilized the NBPTS website directory 

(NBPTS, 2012) to obtain a list of National Board Certified secondary mathematics 

teachers in this district who, as of November 2012, held National Board Certification in 
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Early Adolescent or Adolescent and Young Adult Mathematics. I then used an Internet 

search engine to search for publicly available telephone numbers. Using this list of 

numbers, I contacted the teachers on the list to introduce myself and invite them to 

participate in the study. From the list of 55 teachers, I was able to talk with 15 of them. 

Nine teachers originally agreed to participate in the study, but only six of those teachers 

returned the consent form (Appendix C). 

The six teachers who agreed to participate taught a wide range of subjects, such as 

Eighth-grade math, Algebra I, Geometry, Algebra II, Advanced Algebra with Financial 

Applications, and Precalculus. Additionally, these teachers had a wide range of years of 

experience, ranging from 10 to 30 years. To help identify similar practices from different 

mathematical content areas and course levels, I asked each teacher to focus on a specific 

group of students during our conversations in order to produce a maximum variation of 

content areas. 

 I attempted to work with the teachers to build a “research partnership” (Weiss, 

1994, p. 65) where we worked together to understand their practice. During the 

introduction, I explained the purpose of the study, my background as a math teacher in 

the district, what I hoped to learn, and why they were invited to participate in the study.  

Limitations and Delimitations 

 One delimitation of this study is that the sample consisted of National Board 

certified mathematics teachers in one public school district in the United States who 

agreed to participate in the study. This study explored only the teacher-reported 

interactions that took place between the NBCT and her students, and how these 

interactions were related to the teacher’s reported knowledge of her students. The study 

did not research the teacher-reported interactions taking place in the classrooms of 
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teachers who have not achieved National Board certification but who might also share 

similar practices.  

 The primary limitation of this study is that interview data were self-reported by 

the teachers. Classroom observations, which were included in the initial research design, 

would have allowed me to gather additional evidence to support the teachers’ interview 

data. However, the lack of access to school facilities necessitated the elimination of 

classroom observations. Although self-reporting can be misleading, I relied on the 

teachers’ perceptions of how they learned to integrate knowledge of students into their 

practice and their current ways of doing so. Another limitation of this study is the small 

sample size of six teachers. Additionally, only official curriculum documents were 

collected. Teachers did not provide other documents related to the lessons that may have 

provided further evidence of how the teachers applied their knowledge of students to the 

lessons discussed.  

 To increase the trustworthiness of the findings, I collected rich data in the form of 

verbatim transcripts (Becker, 1970) that provided a foundation for developing “context 

relevant” findings (Guba, 1981, p. 83). Additionally, I included participants from a 

variety of schools and grade levels in order to produce a maximum variation sample that 

could yield a variety of perspectives. Finally, I searched the data to identify possible 

“discrepant evidence” (Maxwell, 2005, p. 112) that might contradict any findings. 

Data Collection and Generation 

 Interviews. Twenty-three interviews (four with each of five participants, three 

with the sixth participant) were conducted over a three-month period in the last quarter of 

the 2012-2013 school year. One participant was unable to participate in the fourth session 

– the final reflective interview. Each interview was audiotaped to “reduce the loss of 
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content and detail” (Weiss, 1994, p. 54). The audiotapes were transcribed verbatim, and 

all data are confidential. The interview protocol questions were used as a starting point. 

However, I allowed the teachers to talk freely without the constraints of additional 

questions to allow for the possibility of finding additional “lines of inquiry” (Weiss, 

1994, p. 46) that I might not previously have identified. Each semi-structured interview 

ranged in length from 26 to 47 minutes for a total of 12 hours and 43 minutes. 

 Mishler (1986) points out that the use of a pause immediately following a 

respondent’s answer often allows the interviewee to add more information that may not 

have been offered if the interviewer simply acknowledged the statement and moved on to 

the next question. To help build the “research partnership” (Weiss, 1994, p. 65), I 

attempted to use a “pause-paraphrase-pause-question” strategy so that the teachers and I 

could be certain that they had finished their thinking and that I understood what they 

were saying. The first pause gave the teachers a chance to finish their thinking. When I 

paraphrased, it helped to ensure that I had an accurate perception of what they said. The 

second pause allowed the teachers to agree with my paraphrase or to amend or correct 

their statements. 

 During the interview, if it appeared that the teacher was unclear as to what the 

question meant, or if the teacher responded to a question in a manner that did not address 

the question or was not relevant to the study, I rephrased the question. The interview 

protocols were used as a starting point, but I found that it was often appropriate to ask 

probing questions, such as, “What do you mean by that?” or, “Can you tell me more 

about this?” to elicit deeper or more concrete information. Maxwell (2005) suggests that 

this type of questioning can help with contextual understanding and revealing processes. I 

wrote analytical memos at the conclusion of each interview. 
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 Initial interview. The initial interview was designed to address the first three 

research sub-questions: 1) What academic knowledge do these teachers have about their 

students, and how did they gather that knowledge? 2) What social knowledge do teachers 

have about their students, and how did they gather this knowledge? 3) In what ways does 

the teacher’s knowledge of students influence curriculum and instruction? Interview 

questions were derived from the effective teaching practices identified in the review of 

the literature. From these ideas, I developed interview questions (Appendix D) to elicit 

information about what teachers know about their students’ prior knowledge and 

interests, and how the teachers use this information as they plan for instruction. 

 I contacted the six teachers who had agreed to participate in the study for an 

initial in-depth, open-ended, audiotaped interview. These telephone interviews took place 

in March 2013, outside school hours. A copy of the interview questions was provided by 

email to the teachers at least two days prior to the interview. The purpose for providing a 

copy of the interview questions for the teachers was to help them feel comfortable with 

the questions and to have time to reflect so that they could provide thoughtful responses. 

At the conclusion of the initial interview, I asked the teacher to think about an upcoming 

lesson that she would like to discuss. We then set an appointment for an interview 

focused on academic knowledge to take place within one week of that lesson.  

 Academic-knowledge interview. The academic-knowledge interview was 

designed to address the first and third research sub-questions: 1) What academic 

knowledge do these teachers have about their students, and how did they gather that 

knowledge? and 3) In what ways does the teacher’s knowledge of students influence 

curriculum and instruction? Interview questions were derived from the effective teaching 

practices identified in the review of literature. From these ideas, I developed interview 
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questions (Appendix E) to elicit information about what teachers know about their 

students’ prior knowledge and mathematics background, and how they use this 

information as they plan for instruction and implement instructional strategies. 

 These telephone interviews took place outside school hours, within one week of 

the lesson, during April 2013. A copy of the interview questions was provided by email 

to the teachers at least 24 hours prior to the interview. The purpose for providing a copy 

of the questions to the teachers was to help them feel comfortable with the questions and 

to have time to reflect so that they could provide thoughtful responses. At the conclusion 

of the academic interview, I asked the teacher to think about an upcoming lesson that she 

would like to discuss. We then set an appointment for an interview focused on social 

knowledge to take place within one week of that lesson. 

 Social-knowledge interview. The social-knowledge interview was designed to 

address the first three research sub-questions: 1) What academic knowledge do these 

teachers have about their students, and how did they gather that knowledge? 2) What 

social knowledge do teachers have about their students, and how did they gather this 

knowledge? 3) In what ways does the teacher’s knowledge of students influence 

curriculum and instruction? Interview questions were derived from the effective teaching 

practices identified in the review of literature. Based on these ideas, I developed 

interview questions (Appendix F) to elicit information about what teachers know about 

their students’ prior knowledge and interests, as well as their social contexts, and how the 

teachers use this information as they plan for instruction and implement instructional 

strategies. 

 These telephone interviews took place outside school hours, within one week of 

the lesson during May 2013. A copy of the interview questions was provided by email to 
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the teachers at least 24 hours prior to the interview. The purpose of providing a copy of 

the interview questions to the teachers was to help them feel comfortable with the 

questions and to have time to reflect so that they could provide thoughtful responses. 

 Final reflective interview. The final reflective interview was designed to address 

research sub-question 4: What are teachers’ perceptions of how they learned to integrate 

knowledge of students into their practice? Additionally, this interview addressed the 

over-arching research question: What are the nature and function of the socio-academic 

spaces that successful secondary math teachers create as they integrate their knowledge 

of students into their practice? Darlington and Scott (2002, p. 76) and Wragg (2002, p. 

57) suggest that one method of counteracting a researcher’s perspective and assumptions 

is to take the data analysis back to the participants. Once all initial and post-lesson 

interviews were completed and I began to analyze the data, I conducted another interview 

with five of the teachers to reflect on that data and discuss preliminary findings. The 

purpose of these interviews was to work together to generate knowledge (Brydon-Miller 

& Tolman, 2001) and to gain each teacher’s perspective on the socio-academic spaces 

that were created. 

 The interview questions for the final reflective interview were determined from 

the questions generated during the analytical memoing process. A copy of the interview 

protocol (Appendix G) was provided to the teachers by email at least 24 hours prior to the 

interview so that they could feel comfortable and prepare their responses. The final 

interviews were conducted by telephone, outside school hours, in June 2013. 

 Document collection. Documents were collected to help provide context for 

analyzing the interview data to address research sub-question 3: In what ways does the 

teacher’s knowledge of students influence curriculum and instruction? For each lesson 
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that was discussed during the post-lesson interviews, I collected the textbook sections 

related to the lesson as well as the state standards. These documents were chosen solely 

because they represented the specific lessons on which teachers were asked to reflect in 

the post-lesson interviews. A full list of documents collected can be found in Appendix 

H. The documents represented the official curriculum that teachers were provided by the 

district and formed the foundation for understanding how teachers work with and make 

decisions about the official curriculum based on their knowledge of their students. 

Data Analysis 

 Interview analysis. From the literature and theoretical framework of the study, I 

created a list of provisional codes (Miles, Huberman, & Saldaña, 2014) for the first cycle 

coding phase. Saldaña (2013) suggests that this type of coding is appropriate for studies 

that build on previous research (p. 144). The provisional codes (academic knowledge, 

social knowledge, events, curriculum, instruction, perceptions, and spaces), connections 

to the literature and Vygotsky’s Cultural-Historical Learning Theory, content 

descriptions, and data samples are provided in Appendix I. Each interview was 

transcribed verbatim and read to check for accuracy. Then, each transcript was read and 

coded line-by-line (Charmaz, 2006) for the provisional categories (e.g., academic 

knowledge, social knowledge, events, curriculum, instruction, and perceptions) related to 

the research questions. The first interview of each type was coded line-by-line using these 

provisional codes and then recoded two days later with a clean copy to check for 

intracoder agreement. The intracoder agreement ranged from 87 percent to 92 percent. 

 I re-read the transcripts while listening to the tapes to search for themes or 

markers (Appendix J) that appeared to be important to the teacher and that related to the 

research questions. To accomplish this, I listened for recurring themes that I had not 
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previously identified. I also listened for markers that might signify knowledge, events, or 

strategies that were important to the teacher, determined a code for the marker, and re-

read the transcript for additional evidence related to this new code. Weiss (1994) 

discussed the use of markers (p. 77) that may be useful for identifying topics that are 

important to the participants. An example of a marker and its subsequent use is, “There 

was one student who had a lot going on at the time, and she wasn’t completing her 

homework.” The marker in this quote would be, “had a lot going on at the time.” This 

may be an indication of the teacher knowing something about the student and it would 

prove useful to return to this marker for further exploration. Any themes or markers that 

arose became new categories and I returned to the data to search for more evidence of 

these new categories. The categories for the markers were added to the provisional 

categories. 

 I returned to the data from the provisional categories and markers to determine 

subcategories and recode the data. Then, I returned to the data for each subcategory and 

utilized process coding, gerunds used to indicate “action in the data” (Saldaña, 2013, p. 

96), to further refine the subcategories. Saldaña (2013) posits that process coding may 

help “reveal interpretive meanings” and “explore participant actions and perceptions 

within the data” (p. 61). Sixty-one process codes were identified during this second cycle. 

Twelve codes related to academic knowledge, nine codes related to social knowledge, 17 

codes related to events, 19 codes related to curriculum and instruction, and four codes 

related to teacher perceptions of how they learned to integrate their knowledge of 

students into their practice. After all of the data were coded, themes were derived from 

the process codes and these themes were used to answer the four research sub-questions 

as well as the overarching research question. These themes, their explanations, and the 
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associated codes are located in Appendix K. Data excerpts for the events codes are 

located in Appendix L. Data excerpts for the academic knowledge, social knowledge, 

curriculum and instruction, and perceptions codes are located throughout Chapter 4 near 

each of the findings. There is a bit of overlap in the data excerpts because some excerpts 

from the events codes were cross-referenced to both academic knowledge and social 

knowledge codes. 

 I collected 11 textbook sections and 15 Next Generation Sunshine State Standards 

related to the lessons discussed. The documents represented the official curriculum that 

teachers were provided by the district and formed the foundation for understanding how 

teachers work with and make decisions about the official curriculum based on their 

knowledge of their students. To examine the structure and intended outcomes of the 

official curriculum, I first explored each textbook section and identified the psychological 

tools and cognitive skills that were utilized and taught in the official curriculum. To build 

a deeper understanding of the official curriculum as a whole, I used selected curriculum 

analysis questions from Posner (2004) as a basis to create a curriculum analysis guide 

(Appendix M). Appendix N provides a correlation between Posner’s questions and those 

used in this study. 

 To understand how the teacher’s knowledge of her students influenced her lesson, 

I created a case dynamics matrix (Miles et al., 2014) using the psychological tools and 

cognitive skills (Appendix O) as row titles, and teacher knowledge, changes to 

curriculum, instructional strategies, and purpose as column titles. A sample case 

dynamics matrix is located in Appendix P. After filling in the matrix with information 

from the textbook section, I returned to the post-lesson interview data and filled in 

information about what knowledge teachers had of their students and how that knowledge 
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influenced changes to the lessons. 

 Final analysis. The overarching goal of this study was to identify and 

characterize the spaces that teachers create as they integrate their knowledge of the social 

and academic histories of their students into their practice. To accomplish this, I began by 

separating the interview data into the two domains: (a) between the teacher and the 

official curriculum, and (b) between the teacher, the students, and the enacted curriculum. 

Examples of interview data that fit into each domain are located in Appendix Q. Using 

the six spaces identified in the 2007 study (making connections, practicing, making 

choices, being responsible, responding, and feeling safe), I searched for evidence of these 

spaces within each domain. I continued searching the data for evidence of additional 

spaces within each domain. Spaces were added and adjusted until no additional spaces 

were identified. 

Role of the Researcher 

 I previously worked in this school district as a teacher, a leader of professional 

development, and a math coach. I was a classroom mathematics teacher at two high 

schools and two middle schools in the district between 1990 and 2005. I was a district-

level resource teacher assigned to a high school during the 2005-2008 school years, and a 

math coach in a high school during the 2008-2009 school year. Three of the teachers in 

this study, Janet, Elsa, and Patty, were former colleagues.
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CHAPTER 4: RESULTS

 The purpose of this case study was to understand how six National Board 

Certified secondary mathematics teachers integrate their academic and social knowledge 

of students into their practice to create socio-academic spaces that, they believe, will lead 

to student learning. The study focused on the teacher-reported interactions within two 

domains: (a) between the teacher and the official curriculum; and (b) among the teachers, 

the students, and the enacted curriculum. Within the first domain, the teachers interact 

independently with the official curriculum to plan for instruction. This domain is 

integrated into the findings for research sub-questions 3 and 4 to help understand how 

teachers use their knowledge of students and the curriculum to make decisions. Within 

the second domain, the teachers interact with students around the curriculum. This 

domain is integrated into the findings for research sub-questions 1 and 2 to understand 

how teachers gather knowledge about their students. The spaces the teachers created were 

determined by building on a foundation of six spaces identified in a pilot study. This 

study contributes to the knowledge base about effective teaching practices in secondary 

mathematics classrooms by addressing the following over-arching research question: 

What are the nature and function of the socio-academic spaces that successful secondary 

math teachers create as they integrate their knowledge of students into their practice?  

 The question has four sub-parts: 

1. What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? 
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2. What social knowledge do teachers have about their students, and how did 

they gather this knowledge? 

3. In what ways does the teacher’s knowledge of students influence curriculum 

and instruction? What are teachers’ perceptions of how they learned to 

integrate knowledge of students into their practice?  

Pilot Study 

 The current study is partially informed by a previous study (Cook, 2007) that I 

conducted during the Spring semester of 2007. As part of my Advanced Qualitative 

Research coursework, I conducted an IRB-approved study to investigate classroom 

interaction with three teachers in this school district. The research questions investigated 

were, “How do high school mathematics teachers create socio-mathematical spaces in the 

classroom, and what are the activities that take place within those spaces?” I used the 

term “socio-mathematical spaces” to represent an important idea that I now refer to as 

“socio-academic spaces.” According to Vygotsky (1997), all learning is a result of social 

interactions, either between two or more participants, or internally when a person 

internalizes the psychological tools at their disposal. To accomplish the goals of the task, 

for example, learning, participants can be said to create spaces where these interactions 

take place. 

 The results of the pilot study suggest that the tasks that teachers set to help 

students learn and develop the cognitive skills and psychological tools of mathematics 

were based on the social and academic needs of the students. By setting the tasks, the 

teachers created the spaces where they interacted with the students and had the students 

interact with each other and the curriculum. These spaces provided an opportunity for 

social interaction between two or more participants, or within one person as they 
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interacted with the curriculum. Some physical spaces teachers may create are whole-

group instruction, cooperative learning groups, or learning centers. Some intellectual 

spaces that teachers may create are wait-time, reflective journaling, and conversations 

with students. These social spaces had an academic goal. Thus, they were labeled as 

socio-academic spaces. These six spaces and the interactions that took place within those 

spaces are outlined next. 

 Making connections. Each of these teachers showed that they understood their 

students’ history with the topic of mathematics and tried to build upon that history to help 

their students be successful. The ways that these teachers helped their students see the 

connections were unique to the students they taught. This space for making connections 

is a socio-mathematical space because through social interactions, the teachers were able 

to help students interact with the mathematical content in a way that was meaningful to 

them. 

 Practicing. These teachers all created a space for their students to practice what 

they were learning. This practice time was always provided during class, but two of the 

teachers also provided homework so the students could practice on their own time. 

Within this space, the students interacted with the curriculum and with themselves, and 

sometimes with each other or the teacher. As they became more comfortable with the 

new material, social interaction became more private as the students began to interact 

with only themselves and the curriculum. This learning structure was a socio-

mathematical space in the sense that the learning took place within a social context and 

the students were interacting with mathematical content. 

 Making choices. The space for making choices was made during whole group 

instruction to determine the direction of the lesson, during practice time when students 
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determined how they would work and receive help, within the curriculum as students 

completed practice problems, and through interactions where the teachers provided 

students with opportunities to make decisions about the choices they make. The social 

nature of this space required students to interact with the teacher, with each other, and 

with the curriculum. But more than that, it required the students to interact with their own 

thoughts as they made choices. This learning structure was a socio-mathematical space 

because the choices students made directly related to their learning of mathematics and, 

whether public or private, they were social in nature. Some examples of providing the 

space for making choices include allowing students to choose which exercises to 

complete and how they would ask for help during the lesson. 

 Being responsible. These three teachers worked to create a space where their 

students could be responsible, and within this space, the students interacted with 

themselves as they had to make the choices that led to responsible behavior. This space 

was socio-mathematical because the teachers interacted with their students in ways that 

fostered responsibility and the students’ responsibility directly supported their learning of 

mathematics. Some examples of providing the space for being responsible are having 

discussions about and expecting behavior conducive to learning, offering and being 

available for tutoring or extra help, and having a routine for students to follow to obtain 

make-up work after an absence. 

 Responding. These teachers created a space for their students to respond 

verbally, in writing, and through body language, and within this space, these students 

interacted with the curriculum, with the teachers, and sometimes with each other. The 

social interactions that took place as the teachers and students discussed the curriculum 

made this a socio-mathematical space. Additionally, the interactions that took place prior 
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to the start of class where the students responded to general questions that were not 

mathematical in nature also supported the student learning. By creating that space where 

teachers and students could interact on a strictly social level, the teachers were able to 

show an interest in their students and establish rapport. This rapport that these teachers 

built with their students was also evident in the next finding – creating a space for 

students to feel safe. 

 Feeling safe.  By understanding their students, these teachers were able to attend 

to their individual differences in learning mathematics and help them feel safe both 

academically and psychologically. Throughout all of the interviews, these teachers 

consistently referred to wanting to build confidence in their students as one of their goals 

as a teacher. Most often, they tried to build this confidence through encouragement. By 

understanding how their students arrived at this point in their mathematical journey, they 

were to able provide support that was unique to their students. Interestingly, although 

academic confidence was important to these teachers, feeling safe from possible ridicule 

and public failure was also important. 

All of these teachers understood potential problems that their students might face 

with a particular topic. These teachers all came to understand their students and used that 

knowledge to help their students learn mathematics in their classrooms. When students 

lacked confidence, they provided support and encouragement in a variety of ways. Only 

by understanding their students were these teachers able to build the relationship that was 

so evident in the observations. The definition of a successful teacher was that they 

possessed deep content knowledge, they used a variety of instructional strategies, and 

students responded positively to them, according to administrators and colleagues. The 

spaces identified in this pilot study formed the basis for spaces identified in the current 
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study. 

First, I will describe the participants and the context within which they work. 

Next, I will give a brief review of the data analysis process. Then, I will address each 

research sub-question using qualitative data. Finally, I will describe the nature and 

function of the spaces created by the teachers as they integrate academic and social 

knowledge of students into their practice with respect to the two domains, teacher – 

curriculum, and teacher – student – curriculum. 

Participants 

 Janet works at this district’s virtual franchise. Her A-rated school consists of 128 

students with a non-white population of 37 percent. She teaches Algebra 1, Algebra 2, 

and Geometry online. For this study, she reflected on her work with her Algebra 2 

students. She does not see her students face-to-face but she does interact with them 

regularly on an individual basis over the phone and in small groups through online 

software that she uses to teach lessons. Janet has 15 years of teaching experience in 

Florida and has held National Board Certification since 2007. 

 Elsa works at a C-rated high school where 74 percent of the 2,016 students are 

non-white. She teaches five classes of Honors Geometry. She has 18 years of teaching 

experience in this district, has held her National Board Certification since 2001, and 

recertified in 2011. Although she teaches five classes of Honors Geometry, she stated in 

her interview that most of her students were placed into Honors Geometry not based on 

teacher recommendation, but by the school administration to help boost the school score 

on the statewide school grading system. 

 Patty and Terri both work at an A-rated high school where 38 percent of the 2,951 

students are non-white. Patty teaches six courses in a variety of disciplines and for this 
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study she reflected on her work with her Advanced Algebra with Financial Applications 

class. Patty has 20 years of teaching experience with this district and has held her 

National Board Certification since 2005. The group of students that Patty reflected on had 

only been with her since January. Terri teaches five different courses in precalculus and 

calculus and for this study she reflected on her work with a group of precalculus students. 

She has over 30 years of teaching experience in this district and has held her National 

Board Certification since 2004. 

 Christy works at an A-rated middle school where 96 percent of the 1,204 students 

are non-white. The school is a technology magnet and she teaches Geometry, Algebra 2, 

Math 2, Math 3, and Intensive Math. For this study, Christy reflected on her work with 

her geometry class. She has over 18 years of teaching experience in this district and has 

held her National Board Certification since 2008. 

 Gina works at a B-rated middle school where 84 percent of the 1,113 students are 

non-white. The school is an International Baccalaureate (IB) magnet and she teaches 

Math 2, Math 3, Intensive Math, Algebra 1, and Geometry. For this study, Gina reflected 

on her work with her Math 3 class of eighth-grade students. She has 10 years of teaching 

experience in this district and has held her National Board Certification since 2008. 

Review of Data Collection  

 Interviews. Twenty-three telephone interviews were conducted over a three–

month period in the last quarter of the 2012-2013 school year. Each interview was 

audiotaped to “reduce the loss of content and detail” (Weiss, 1994, p. 54). The audiotapes 

were transcribed verbatim and all data are confidential. The interview protocol questions 

were used as a starting point. However, I allowed the teachers to talk freely without the 

constraints of additional questions to allow for the possibility of finding additional “lines 
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of inquiry” (Weiss, 1994, p. 46) that I may not previously have identified. Each semi-

structured interview ranged in length from 26 to 47 minutes for a total of 12 hours and 43 

minutes. 

Review of Data Analysis 

 The interview data were analyzed based on literature from effective teaching 

practices, teacher knowledge of students, an adaptation of Posner’s curriculum-analysis 

guide, Vygotsky’s Cultural-Historical Learning Theory, and spaces identified in the pilot 

study. During the first-cycle coding phase, I started with a set of provisional codes (Miles 

et al., 2014) based on the literature. From there, I used process coding during the second-

cycle coding phase (Saldaña, 2013) followed by theming the data (Saldaña, 2013) to 

identify themes within the categories. I then used causation coding (Saldaña, 2013) to 

understand the knowledge that the teachers used to make curricular and instructional 

decisions. Documents were explored using the curriculum-analysis guide to understand 

the context of the official curriculum related to the lessons that the teachers discussed in 

the interviews. 

 Although I asked each teacher to consider a specific lesson during the interview, 

the data analysis was not conducted with respect to the content of any specific lesson 

identified by the teachers during the interviews. Because the interviews were semi-

structured and I allowed the teachers to talk rather than to give a detailed account of the 

lesson, I found that the teachers began discussing generalities and did not necessarily 

limit their responses to a specific lesson. 

Research Sub-question 1. Academic Knowledge 

 What academic knowledge do teachers have about their students, and how did 

they gather this knowledge?  
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 I used two categories and nine themes (Table 2) from the analyzed data to answer 

research sub-question 1. After all data were sorted into provisional or emergent 

categories during the first-cycle coding phase, I returned to the data in the “academic 

knowledge” category and utilized process coding, followed by theming the data (Saldaña, 

2013), to identify three themes: students’ strengths and challenges, students’ histories 

with previous teachers, and students’ places on the learning continuum. These teachers 

gained their academic knowledge of their students as they worked within the second 

domain – interacting with the students and the curriculum. 

 

Table 2 

Data Categories and Themes Relevant to Research Sub-question 1 

Research Sub-question 1 Data Categories and Themes 

 Academic Knowledge  Events 

What academic knowledge 

do teachers have about their 

students, and how did they 

gather this knowledge? 

 Students’ strengths 

and challenges 

 Students’ histories 

with previous teachers 

 Students’ places on 

the learning 

continuum 

  Instructional talk 

 Non-instructional talk 

 Observing and 

listening to students 

 Monitoring student 

work 

 Reflecting on prior 

experiences 

 Talking with 

colleagues 

 

 To understand how the teachers gathered this knowledge, I returned to the data in 

the “events” category that were cross-referenced with academic-knowledge codes and 

utilized process coding, followed by theming the data, to identify six themes: 

instructional talk, non-instructional talk, observing and listening to their students, 
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monitoring student work, reflecting on prior experience, and talking with colleagues. 

Figure 1 provides a visual representation of the relationships between the events and the 

teachers’ academic knowledge of students. The rectangular boxes include the events and 

the ovals include the academic knowledge teachers gained from the related events.  

 

 
Figure 1. Events leading to teachers’ academic knowledge of students 

 

 

 

 The findings indicated that all six of these teachers knew about their students’ 

strengths and challenges in learning mathematics, five of the teachers knew about their 

students’ histories with previous teachers, and all six teachers knew their students’ places 

on the learning continuum. The results also suggested that these teachers gathered this 

academic knowledge through non-instructional talk, instructional talk, observing and 

listening to their students, monitoring student work, talking with colleagues, and 

reflecting on their prior experiences. Process codes and data samples for the codes in the 

 Non-instructional talk 
 Talking with colleagues 

 Reflecting on experience 

 Observing & listening 
 Monitoring student work 
 Instructional talk 

Students’ 
histories with 

previous 
teachers 

Students’ 
places on 

the learning 
continuum 

Students’ 
strengths 

and 
challenges 
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events category are located in Appendix L. Descriptions and evidence for each of these 

findings are offered next.  

 Students’ strengths and challenges. Six process codes (Appendix K) were 

identified related to the theme of students’ strengths and challenges: classifying 

students/varying abilities, evaluating student skills, identifying confidence levels, 

identifying strength of background in math, identifying language/communication barriers, 

and classifying types of errors. Teachers learned about their students’ strengths and 

challenges through engaging in instructional talk, observing and listening to their 

students, monitoring student work, and reflecting on their prior experiences. Table 3 

provides sample data indicating the strongest representative quotes from each teacher for 

each process code used in identifying the theme of students’ strengths and challenges. 

 The data showed that all six teachers classified their students as evidenced by 

comments such as, “These are high–achieving students,” or “I have a mix of ESE and 

truly advanced” students. Likewise, all six teachers considered the strengths of their 

students’ math backgrounds to be important for them to know, especially when the 

students lacked prerequisite course credit. The data also showed that five of the teachers 

evaluated their students’ skills before beginning to work with them through diagnostic 

tests or through interacting with them around the curriculum. Similarly, the data showed 

that the same five teachers classified their students’ errors as they work with the 

curriculum. Four of the teachers also considered their students’ confidence levels, 

especially low confidence levels, as important academic knowledge. Finally, three of the 

teachers considered language or communication barriers as possible challenges in 

mastering the content, especially when communicating in writing, with most attributing 

this to second-language acquisition. 
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Table 3 

Process Codes and Data Samples for Students’ Strengths and Challenges 

 
Elsa Patty Terri Christy Gina Janet 

Classifying students 

and varying abilities 

Most of them are 

okay with algebra 

and some basic 

equation solving. 

So these are like 

kids that maybe got 

C's through Algebra 

2, maybe D's some 

of them, mostly C's 

is my best et. I have 

very few ESE 

students. 

These are high-

achieving students 

who have a strong 

desire to understand 

the material to excel 

in the class. 

I know that they, 

they've already had 

Algebra and they 

are very smart. 

I have a mix of ESE 

and truly advanced 

students. 

Well, I think that 

my kids are just 

extremely varied. 

Identifying strength 

of math background 

Twelve of my 

honors students this 

year managed to get 

into the class not 

even having passed 

the Algebra 1 EOC. 

The majority of the 

students … they 

were in that course 

either because they 

were not capable of 

Algebra 2/Trig. 

I knew the students 

had the math 

background 

necessary to be able 

to apply the formula 

to the problems. 

I know, for some, 

these students are so 

amazing; sometimes 

it doesn't matter 

who the teacher is, 

they're going to be 

fine. 

They are sitting in 

advanced because 

they want to keep 

the track of IB, but 

they are not truly 

advanced. 

They might be 

taking 2 math 

classes. 

Evaluating student 

skills 

I do a diagnostic 

test to see what 

their, and that's your 

entry-level skills, 

kind of test. 

 

During the first 

week, I give a 

diagnostic test of 

past algebra skills 

and discuss past 

skills with those 

who fall well below 

the average. 

It's called a status 

check, and on a 

scale of one to four, 

you just pause and 

check the students. 

Many ways we do 

that. I give a 

diagnostic test and 

observe their work 

in class. 

I like my students 

to come to me 

blank and let me 

make the 

evaluation of them. 

(continued) 
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Table 3 (continued) 

 

 
Elsa Patty Terri Christy Gina Janet 

Evaluating errors 

I can see what the 

error is and go back 

to where I need to 

correct it. It's not 

just on the correct 

concept. It's on 

sometimes the 

calculation to get to 

the answer. 

 

The students were 

strong with 

evaluating the trig 

functions using 

formulas but were 

weak with their 

past algebra skills 

of rationalizing 

fractions. 

Some things you 

look out for to see 

if they did a 

construction wrong 

or they mixed up 

radius and 

diameter. 

And when we were 

talking, a few kids 

get lost with the 

concept of indirect 

measurement and I 

translate for them. 

I have some students 

who have difficulties 

understanding just 

formatting of math, 

like that you don't even 

put a 1 in front of an x. 

Then I have some 

students who have 

computational 

difficulties. 

Evaluating student 

confidence 

They're universally 

terrified of 

fractions. 

 

  

Any time they have 

an opportunity, 

they rise to it, not 

like, this is too 

hard, I don't want 

to do it. 

That class has the 

confidence with the 

line through the 

equal sign. 

Sometimes my 

students will say, "I 

had a horrible time in 

math, that's why I'm 

taking it," or I'm great 

in math." 

Identifying 

language or 

communication 

barriers 

  

I have had students 

come from other 

countries with a 

language barrier. 

 

Some of them are 

really advanced but 

sometimes the 

language, it's not 

really developed 

over there 

(meaning their 

home country). 

I had one situation 

with a student who 

was not very fluent in 

English. Some 

students don't 

communicate very 

well in writing. 
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 Because Elsa previously worked at two of the middle schools that serve the high 

school where she currently works, she knows many of the teachers who previously taught 

her current students. She is aware of many of those teachers’ teaching styles. At the 

beginning of the school year, she engages her students in non-instructional conversations 

to learn about their former teachers. Then, she reflects on her prior experiences with those 

teachers and students she has worked with over the years to gain an understanding of the 

general strengths and challenges of her students’ backgrounds in math. She explained: 

I know who the gifted teacher is, and I know who the ESE teacher is. So, I can 

look at who they had as a teacher and what school they came from and get a 

general idea of what their math, what their levels of skills are.  

 Elsa has five classes of Honors Geometry but knows that not all of her students 

were academically prepared for honors-level work. She estimates that about 40 percent of 

her students were placed in her Honors Geometry course by school administration 

without sufficient academic preparation for honors-level work. 

 She engages her students in instructional talk and observes them as they work 

independently or in groups, learning more specific information about each student’s 

strengths and challenges. She knows that many of her current students lack confidence in 

mathematics and tend to “back away from tough problems.” She places an emphasis on 

asking students, “How do you know that?” or “How did you get that answer?” This type 

of instructional talk illuminates the students’ understanding of the content; consequently, 

she learns more about their strengths and challenges. 

 She monitors or reviews student work to identify where her students are 

struggling. She uses a variety of methods such as walking around to review work, 

collecting informal exit cards, and observing them as they work with manipulatives. She 
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performs item-analyses on summative assessments and district-mandated diagnostic tests 

administered throughout the year. These methods help her understand the psychological 

tools and cognitive skills that her students are adept at using. She knows that her current 

students work well with formulas and tables, but that making the connection between the 

two is a struggle for them. She described a recent inductive-reasoning activity where the 

students were able to fill in a table, but could not generalize from the table to the 

algebraic formula. She also recognizes that many of her students do not see math as 

something useful beyond the classroom, explaining that, “They don’t necessarily think 

that education, especially math, is important.” For this reason, the cognitive skill of 

applying mathematics in a real-world context is not well developed in her current group 

of students. 

 Terri reported that she uses a questionnaire at the beginning of the school year to 

learn about her students’ prior math courses. This document was not collected. She 

explained that the form asks the students what math course they completed the previous 

school year, the grades they earned, and the name of their previous teacher. She knows 

that the majority of her students have passed Algebra 2 (the prerequisite course to 

Precalculus) with a grade of C or higher. Her class is mostly eleventh- and twelfth-grade 

students, so she personally knows many of her students’ former math teachers. As a 

result, she can to reflect upon her prior experiences to gain a general understanding of her 

students’ background preparation in math. When she encounters students who are new to 

her school, she engages them in non-instructional conversations to learn about their 

background in math. She explains, “I have had them bring in their past math books or 

materials to decide if they have had the prerequisite skills.” 

 Patty acquired her current group of students in January of this school year. Prior 
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to taking on this new class, she visited with the guidance counselor and the exceptional 

student education (ESE) coordinator to learn about the students she would be receiving. 

She knows that they are mostly junior and seniors who have not met with great success in 

their previous math courses. Many of her students earned a grade of C or D in their 

previous math courses and are not strong in mathematics. She recognizes that her ESE 

students may have specific challenges that need to be addressed. Without getting specific 

about particular student needs, she explained, “I knew where to put them on my seating 

chart, I knew where to, what I had to look for with them if they had any special needs.” 

She also takes time to engage her students in non-instructional conversation to learn more 

about their backgrounds in math. 

 Janet reflects on her prior experiences to recall the general strengths and 

challenges exhibited by her former Algebra 2 students. This allows her to easily 

recognize similar strengths and challenges in her current students. With her first 

telephone call to a new student, she engages in non-instructional conversation asking the 

student, “Tell me anything about you that I should know that would affect you in math, 

anything that might be important, how you feel about math, any experiences that you’ve 

had in math, that I should know so that I can support you in being successful.” As the 

students begin to work through the first module of the course independently, Janet 

monitors their work and assesses their background knowledge. It is through this 

monitoring that she learns about their challenges. Some challenges exhibited by her 

current students include computational difficulties, trouble with essay questions, and 

trouble with communicating in writing. She knows that some of her students have trouble 

with particular psychological tools, such as the formatting of math. 

 Nearly all of Christy’s students come to her class from the two Algebra 1 teachers 
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at her school. She engages in conversations with her students at the beginning of the 

school year to learn which teacher they were with the previous year. She uses this 

information to reflect on her prior experiences and can identify general patterns of 

strengths and challenges in her current students. They have very strong math 

backgrounds and are quite confident in their approach to mathematics. One of the 

Algebra 1 teachers from whom Christy received this year’s group of students 

“discourages the use of scientific calculators,” so she knows that the group of students 

who were with that teacher are not adept at using the psychological tool of technology 

because of lack of exposure. As she observes and listens to them working with partners or 

in groups, she hears the types of questions they ask each other. She hears them “telling 

each other why and how,” and this helps her to understand more about their background 

knowledge. 

 At the beginning of the school year, Gina engages students in non-instructional 

conversations to learn about their former teachers and schools. Because she has worked at 

the same school for many years, she is reflects on her prior experiences to identify 

general patterns of strengths and challenges in her students. By observing her students 

and monitoring their work, she knows that many of her students have difficulty with the 

written language. Some have difficulty communicating in writing and others have trouble 

speaking aloud. As she engages students in instructional talk, she learns about individual 

strengths and challenges in her students’ backgrounds in math as well as particular 

psychological tools and cognitive skills they are adept at using. 

 Gina reviews her current students’ FCAT Math scores from previous years, as 

well as data from the district-mandated diagnostic test, to learn about their general 

strengths and challenges in mathematics. She also gathers information about their SRI 
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scores, Lexile levels, and whether they are in an ESE or gifted program. Gina stated that 

approximately 75 percent of her students have a Hispanic background, and she 

recognizes that some of them have communication barriers that can affect their 

performance in mathematics. She explained that, for some of her students, “the language 

is not developed over there,” so this creates a challenge for them in learning mathematics. 

 Students’ histories with previous teachers. Three process codes (Appendix K) 

were identified related to the theme of students’ histories with previous teachers: 

knowing previous coursework/grades, knowing previous teachers as colleagues, and 

knowing previous teachers’ instructional strategies. They learn about their students’ 

histories with other teachers through engaging in non-instructional conversations with 

students, reflecting on their prior experiences, and talking with other teachers or school 

personnel. Table 4 provides sample data indicating the strongest representative quotes 

from select teachers for each process code used in identifying the theme of students’ 

histories with previous teachers. 

 The data showed that four of the teachers knew their students’ previous 

coursework, and often knew the grades they earned in that course. These four teachers 

specifically referenced prerequisite courses in their interviews. Although Gina seemed to 

imply that many of her students were not academically prepared for advanced 

mathematics, she did not specifically discuss their prior coursework. 

 Three teachers drew on their knowledge of other teachers as colleagues as a basis 

for understanding how well prepared their students might be their course. Moreover, the 

same three teachers drew on their knowledge of some of the instructional strategies used 

by their students’ previous teachers to understand how to build on the students’ prior 

knowledge and experiences. 
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Table 4 

Process Codes and Data Samples for Students’ Histories with Previous Teachers 

 
Elsa Patty Terri Christy Gina Janet 

Knowing previous 

coursework and 

grades 

I could say they're 

good at algebra, 

except for 12 of my 

honors students this 

year managed to get 

into the class not 

even having passed 

the Algebra 1 EOC 

yet. 

Or they had come 

up from some of the 

lower end math, and 

they were juniors 

and they had just 

finished like maybe 

Algebra 1/Geometry 

and there was no 

way that they were 

going to do Algebra 

2. 

We have a math 

flow chart that we 

follow in placing 

students so the 

students had to have 

records indicating 

they received an A 

or B in their 

Algebra 2 Honors 

class. 

Being 8th graders, I 

have two 7th 

graders, being in 

middle school in 

Geometry, I know 

that they, they've 

already had Algebra 

and they are very 

smart. 

  

Knowing previous 

teachers as 

colleagues 

I taught at two of 

our three middle 

schools that feed 

our school. 

  

We have two 

Algebra teachers at 

my school, and I 

feel like if they can 

make it through 

their class, they're 

good to go. 

Because I've been in 

this school for 10 

years, I know what 

are the patterns. 

 

Knowing previous 

teachers’ 

instructional 

strategies 

Some teachers are 

very good at 

emphasizing 

problem-solving; 

others just sit there 

and tell the kids to 

do this page of 

problems and to 

leave her alone. 

  

I know one teacher 

doesn't use a 

graphing calculator 

and the other one 

does. 

For example, when 

I know my student 

comes from teacher 

P, I know that 

teacher likes to 

draw the line 

through the equal 

sign, when you do 

two-step equations. 
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 The absence of evidence regarding Janet’s knowledge of her students’ histories 

with previous teachers is most likely due to her position outside the brick-and-mortar 

school. She works remotely and does not interact with other teachers on a regular basis. 

This is likely because she works with students from a variety of schools across the 

district, in contrast to the other teachers in this study. However, Janet did refer to 

knowing that some of her students had “difficult relationships” with their teachers in the 

past. 

 Elsa previously worked at two of the middle schools that feed her high school, so 

she knows many of the teachers who previously taught her current students and is aware 

of their former teachers’ teaching styles and instructional strategies. To learn about their 

former teachers at the beginning of the school year, she engages her students in non-

instructional conversations, saying, “‘Well, you know I taught there,’ establish a rapport, 

and they go, ‘Oh, I had Mr. So-and-so or Mrs. So-and-so.’” She reflects on her prior 

experiences with those teachers and students she has worked with over the years to 

understand the teaching styles and instructional strategies her current students have 

experienced. For example, she explained that, “Some teachers are very good at 

emphasizing problem-solving; others just sit there and tell the kids to do this page of 

problems and to leave her alone.” 

 Terri knows that most of her students have been placed in her course by teacher 

recommendation based on high levels of achievement in Algebra 2 at her school. She 

knows that these students have the prerequisite skills required for Precalculus but 

expressed concern that students who transferred in from less rigorous programs were not 

always as well prepared for work in this honors-level course. Terri knows that her 

students are adept at using the psychological tools of technology, formulas, and symbolic 
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language. From the lesson we discussed, she explained that they used a calculator to 

explore a conjecture about trigonometric identities, and that they were able to “use the 

formulas” to evaluate trig functions. Because she previously taught the students how to 

use the unit circle to evaluate these functions, she knew that they possessed this 

background skill and were able to understand and manipulate the symbolic language of 

the formulas. 

 Patty works with students from a variety of math backgrounds and former 

schools. From talking with school personnel, she knows that this diverse group includes 

students who have had limited success in prior math classes. She explained,  

I did go down and I talked to the dean and I got some information … they had 

come up from some of the lower-end math … they had just finished like maybe 

Algebra 1/Geometry and there was no way that they were going to do Algebra 2. 

 Janet works with students who have attended many different schools. Since she 

works in a virtual environment and is not familiar with her students’ former teachers, she 

relies on the students to explain their histories with other teachers. Some of her students 

are taking her course because “they had a difficult time with their previous teacher.” 

Others are in her class because they are homeschooled and the mom is not prepared to 

teach the advanced algebra concepts. She also has some students who have had “really 

positive experiences” with their teachers in the past. During her first call with a new 

student, she engages in non-instructional talk, asking the student to give her a little 

information about their experiences in math. This is her only means of learning about her 

students’ histories with other teachers. 

 The majority of Christy’s students took Algebra 1 with two teachers at her school. 

She knows these teachers and is familiar with their teaching styles and instructional 
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strategies. She knows that both teachers are “very thorough” and that students who 

complete their courses are well-prepared for Honors Geometry. She also knows that they 

do not emphasize the use of technology, saying, “I know one of them uses a graphing 

calculator and the other one does not.” As a result, her current students do not have a 

great deal of experience with these psychological tools of mathematics.  

 Gina spends a lot of time at the beginning of the school year engaging in non-

instructional conversations asking about their previous math teachers. Many of her 

eighth-grade students have attended her school since the sixth grade, so she is familiar 

with many of the instructional strategies used by these teachers. She reflects on her prior 

experiences with those teachers and students she has worked with over the years to 

understand the teaching styles and instructional strategies her current students have 

experienced. She explained: 

I’ve been in this school for 10 years, so I kind of know what are the patterns. For 

example, when I know my student comes from teacher P, I know that teacher 

likes to draw the line through the equal sign, when you do two-step equations. 

 Students’ places on the learning continuum. Three process codes (Appendix K) 

were identified related to the theme of students’ places on the learning continuum: 

knowing previous schools and coursework, dealing with exceptions, and knowing about 

future coursework and exams. They learn about their students’ places on the learning 

continuum through engaging in non-instructional conversations with students, reflecting 

on their prior experiences, and talking with other teachers or school personnel. Table 5 

provides sample data indicating the strongest representative quotes from select teachers 

for each process code used in identifying the theme of students’ places on the learning 

continuum.
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Table 5 

Process Codes and Data Samples for Students’ Places on the Learning Continuum 

 
Elsa Patty Terri Christy Gina Janet 

Knowing about 

future coursework 

and expectations 

I have said, draw 

the figure, label it, 

which is a pretty 

good trick since 

their final EOC is 

on the computer. 

The majority of 

them, they're not 

going to get like, 

they're not going to 

get a whole lot of 

college done. Some 

of them may not 

even be college 

bound. 

The AICE style of 

assessment is that of 

maths where 

different levels of 

math are used in a 

problem. 

When they go to 

high school in 

Algebra 2 classes, 

in precalculus and 

calculus classes, 

even the textbooks 

are written with 

segments devoted to 

the graphing 

calculator. 

But I keep pushing 

them. They are an 

IB class and I tell 

them that they are 

required to be in 

Algebra Honors 

next year instead of 

regular Algebra. 

So I have a lot of 

conversations with 

students and 

parents about the 

work that we're 

doing in this 

course, how it's 

going to affect 

them in their next 

courses, even kind 

of advising them. 

You may want to 

try the precalculus 

route as opposed 

to the Trig route. 

Previous 

schools/coursework 

Twelve of my 

honors students this 

year managed to get 

into the class not 

even having passed 

the Algebra 1 EOC 

yet. 

They had just 

finished like maybe 

Algebra 1/Geometry 

… they also had 

kids in there that did 

complete Algebra 2. 

The students had to 

have records 

indicating they 

received and A or B 

in their Algebra 2 

Honors class. 

I know that they've 

been successful in 

Algebra; they've 

passed the end-of-

course exam. 

 

I do have a 

percentage of 

students that are 

home-school 

students. 

(continued) 
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Table 5 (continued) 

 

 
Elsa Patty Terri Christy Gina Janet 

Dealing with 

exceptions 

Seventy-seven of 

my 119 students are 

10th graders who, 

by our curriculum 

AP, got placed into 

Honors Geometry 

because it helps the 

school score, as 

opposed to teacher 

recommendation. 

  

I was just baffled at 

how the school put 

her in Algebra and 

then kept her there. 

She wasn't making 

any connections so 

we had to … put her 

in a regular 8th 

grade math class. 

They are sitting in 

the advanced 

because they want 

to keep the track of 

IB, but they are not 

truly advanced. 
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 The data showed that all six of the teachers were aware of the typical course 

progression for students in this district regarding the courses or exams that their students 

would take in the near future. For example, they knew which course their students would 

likely take during the next school year such as Honors Algebra 1. They also considered 

exams such as end-of-course, semester, and college placement exams that their students 

would be expected to take. Five of the teachers reported relying on the typical 

prerequisite requirements to understand their students’ academic histories. For example, 

they knew that students enrolled in Precalculus should have successfully completed 

Algebra 2 and that students enrolled in Honors Geometry should have completed Algebra 

1. 

 The data also showed that three teachers recognized that they were dealing with 

exceptions in student placement. The absence of this theme in Janet’s data is likely due to 

her work in the virtual environment where she often works with students who are re-

taking the course to raise their GPA or to qualify for college enrollment. Terri talked 

about knowing that her students were properly placed in her precalculus course and Patty 

talked about knowing that her students were placed in her course due to their weak math 

backgrounds. It is no surprise, then, that the theme of dealing with exceptions was not 

found in their data as they work at the same school. Elsa knows that her students must 

take and pass an end-of-course (EOC) exam to earn credit for Geometry. She knows that 

students should have taken and passed an EOC to earn credit for Algebra 1, but that 12 of 

her students have not yet passed the exam. She learns of the Algebra 1 EOC status by 

talking with students and reviewing school records. A course in geometry is a graduation 

requirement, so she knows that her students are required to take the course. From talking 

with school personnel, Elsa knows that many of her students were placed in her Honors 
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Geometry course regardless of teacher recommendation. She explained that, “Seventy-

seven of my 119 students are tenth-graders who, by our curriculum AP, got placed into 

Honors Geometry because it helps the school score, as opposed to teacher 

recommendation.” While engaging in non-instructional conversations with the students at 

the beginning of the school year, she asks about former teachers and coursework. It is 

then that she learns of the individual students’ background preparation for Honors 

Geometry. She knows that all of her students are expected to move to Algebra 2, and she 

is tasked with determining whether she will recommend regular or honors level. 

 Elsa has one student whose academic situation she discussed at length, recounting 

a recent informal conversation with a young man in her class. She overheard him talking 

about his academic journey through three different schools, failing Algebra 1, and being 

administratively placed in both Informal Geometry and Regular Geometry. She talked 

with him and learned that he was bored and frustrated with school, so she approached the 

guidance counselor and had him transferred into her Honors Geometry course. 

 From talking with her students, Terri knows that her students have previously 

taken Algebra 2 and are adequately prepared for her precalculus course. In contrast to 

Elsa’s story, Terri did not express concern for students being administratively placed in 

her course. She explained that her current group of students are “college bound” so they 

will likely move on to study calculus in the future. 

 From talking with school administration, Patty knows that most of her students 

are in her course because they are not academically prepared for the Algebra 2 or 

trigonometry courses. They were placed in her course to provide them with the required 

fourth math class for graduation. From engaging some of her students in non-

instructional conversations, she learned about their plans for the future. She knows that 
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some plan to attend college but others do not. She described a recent conversation with a 

group of seniors who did not get accepted into a state university. “They have pie-in-the-

sky ideas, and they’ve been brought down this semester to reality… You talk to them a 

lot, try to figure out what they want and where they’re at.” 

 Janet spends time during her initial call with new students to learn about their 

purpose for taking the course. The majority of her students are taking Algebra 2 for the 

first time. However, she has some students who are repeating the course to earn credit for 

the course or to raise their grade point average. The only cumulative exam for Janet’s 

students is the semester exam that they must pass in order to earn credit for the semester. 

Janet also knows that some of her students will take college entrance exams at some point 

in the future. 

 Christy’s eighth-grade Honors Geometry students have all earned credit in 

Algebra 1 and, like Elsa’s students, they will be required to pass the Geometry EOC at 

the end of the school year. She expects all of her students to take Algebra 2 in the 

upcoming school year. 

 Gina teaches an advanced eighth-grade math course that is designed to prepare 

students to take Honors Algebra 1. Her students are enrolled in her course as part of the 

International Baccalaureate (IB) Middle Years Programme (MYP). She uses a 

questionnaire and informal conversations at the beginning of the year to learn about her 

students’ background coursework and knows that many of them are not adequately 

prepared for the advanced level of work. She expressed concern that some of her students 

are “not really advanced,” but that they are required to take the course as part of the IB 

program. She also knows the academic pathway that lies ahead for this group of students, 

explaining, “They are an IB class, and I tell them that they are required to be in Algebra 



 

    76 

Honors next year instead of regular Algebra.” She also knows that these students will 

take the eighth-grade FCAT 2.0 Math exam near the end of the school year. 

Summary of Research Sub-question 1 

 What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? The findings indicated that these teachers intentionally learn 

about their students as they interact with them within the teacher-student-curriculum 

domain, for the purposes of this study. This practice is closely related to the space 

identified in the pilot study for responding. In this case, the teachers set aside 

instructional time to talk with their students to get to know their academic backgrounds 

including their previous teachers and coursework, expanding the space from simple 

responding to communication. They then synthesize this new knowledge with their 

experience, forming a foundational understanding of the strengths and challenges the 

students have as a group. As they interact with their students around the curriculum, 

engaging in instructional talk and observing and listening to the students, they learn even 

more about their students’ strengths and challenges. This is related to the pilot-study 

space of practicing. These teachers provided their students with an opportunity to practice 

with the curriculum, and while doing so, the teachers were able to gather more 

information about their students. 

 The fact that these expert teachers used a variety of methods to intentionally 

gather this academic information about their students indicates that this knowledge is 

instructionally relevant to their practice. All six teachers used instructional talk, but the 

focus of that talk varied, with five teachers learning about their students through 

classroom discussions, and four teachers each learning about their students as the 

students ask or answer questions or explain their thinking during the lesson. Four of the 
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teachers use non-instructional talk to learn about their students’ academic histories. Five 

of the teachers observe or listen to their students, particularly as the students work on the 

content independently. Two teachers described how they learn about their students as 

they listen to them working together. Finally, five teachers monitored student work with 

four teachers circulating to assist and three teachers reviewing student work such as 

diagnostic tests or exit slips. 

Research Sub-question 2. Social Knowledge 

 What social knowledge do teachers have about their students, and how did they 

gather this knowledge? 

 I used two categories and seven themes (Table 6) from the analyzed data to 

answer research sub-question 2. After all data were sorted into provisional or emergent 

categories during the first-cycle coding phase, I returned to the data in the social-

knowledge category and utilized process coding, followed by theming the data, to 

identify three themes: students’ interests and extracurricular activities, students’ family 

dynamics and home environment, and students’ ways of learning. These teachers gained 

their social knowledge of their students mainly through their work within the second 

domain for this study – interacting with the students and the curriculum. 

 To understand how the teachers gathered this knowledge, I returned to the data in 

the events category that were cross-referenced with social-knowledge codes and utilized 

process coding, followed by theming the data, to identify three themes: non-instructional 

talk, observing and listening to students, and reflecting on prior experiences. Figure 2 

provides a visual representation of the relationships between the events and the teachers’ 

social knowledge of students. The rectangular boxes include the events and the ovals 

include the social knowledge teachers gained from the related events. 
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Table 6 

Data Categories and Themes Relevant to Research Sub-question 2 

Research Sub-question 2 Data Categories and Themes 

 Social Knowledge  Events 

What social knowledge do 

teachers have about their 

students, and how did they 

gather this knowledge? 

 Students’ interests and 

extracurricular 

activities 

 Students’ family 

dynamics and home 

environment 

 Students’ ways of 

learning 

  Non-instructional talk 

 Observing and 

listening to students 

 Reflecting on prior 

experiences 

 Talking with 

colleagues 

 

 

 
Figure 2. Events leading to teachers’ social knowledge of students 
 

 Non-instructional talk 

 Talking with colleagues 

 Observing & listening 
 Reflecting on experience 

Students’ 
family & home 
environment 

Students’ 
interests & 

extracurricular 
activities 

Students’ 
ways of 
learning 
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 The findings indicated that all six teachers know about their students’ interests 

and extracurricular activities, their students’ family dynamics and home environment, and 

their students’ ways of learning. The results also indicated that these teachers gathered 

this social knowledge through non-instructional talk, observing and listening to their 

students, and reflecting on their prior experiences. Descriptions and evidence for each of 

these findings are offered next. 

 Students’ interests and extracurricular activities. Two process codes 

(Appendix K) were identified related to the theme of students’ interest and extracurricular 

activities: knowing about athletics, extracurricular activities and jobs, and knowing 

student interests. They learned about their students’ interests and activities through 

engaging in instructional talk and through talking with their colleagues. Table 7 provides 

sample data indicating the strongest representative quotes from select teachers for each 

process code used in identifying the theme of students’ interests and extracurricular 

activities. 

 Data indicated that all six teachers reported having knowledge of their students’ 

extracurricular activities. They were aware of some of the social groups and athletic 

activities in which some students are involved. They were also aware of jobs their 

students might have. They also knew about some of the interests their students have 

outside of school, such as dance, sports, and socializing. The data also indicated that four 

teachers reported an awareness of their students’ interests. The knowledge varied, 

however. In some instances, the teachers remarked about their classes in general, such as, 

“they have a strong desire to understand.” Other times they commented about specific 

students’ interests such as drama and sports. The four high school teachers – Elsa, Terri, 

Patty, and Janet – used non-instructional talk, typically at the beginning of the school  
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Table 7 

Process Codes and Data Samples for Students’ Interests and Extracurricular Activities 

 
Elsa Patty Terri Christy Gina Janet 

Knowing about 

athletics, 

extracurricular 

activities and jobs 

Another kid who is 

an HVAC student, 

he is so iffy on his 

homework. … and 

he goes, "I'm 

working as a busboy 

six nights a week. 

… I'm afraid I'll lose 

the job, and I need 

it." 

I know, at this age, 

they are really, most 

of them have jobs 

and some are getting 

ready to go to 

college, so they are 

interested in life, not 

so much interested 

in school. 

The main impact 

that affects their 

work is they are 

involved in too 

many 

extracurriculars, and 

I discuss this at the 

start of the year that 

they need to pick 

one or two that they 

are passionate about 

and focus on them. 

Our latest thing is 

track. In the 

afternoon, I'm 

driving home, and I 

drive by this track 

field, and I see some 

of them. 

Because I know 

they relate a lot to 

baseball instead of 

basketball or 

football, I try to, 

when I do an 

application, I try to 

incorporate, I have 

many Cubans, 

Dominicans, Puerto 

Ricans, so I try to 

ask more baseball 

types of questions. 

I have another 

student who's on a 

rowing team.  

Knowing student 

interests 
  

They are high-

achieving students 

who have a strong 

desire to understand 

the material in the 

class. 

I didn't go out 

looking for 

anything, but I was 

just chatting with 

his Language Arts 

teacher and she told 

me, "You know, he 

really loves 

basketball." 

I will say, out of 21, 

I will say 10 of them 

are really good. 

They really like 

math. The rest of 

them are kind of not 

motivated, 

disoriented about 

math, didn't have a 

really good 

experience. It's been 

really a push from 

me. I don't see very 

many kids interested 

in learning this 

stuff. 

I mean, when she 

is able to do the 

work, she does do 

the work, but 

because she is 

involved in this 

play that's 

extraordinarily 

important to her, 

she hasn't been 

working. 
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year, but also throughout the year, to learn about their students’ interests and 

extracurricular activities. They all had students who have jobs or are involved in athletics 

or social clubs. The non-instructional talk used by each teacher varied. Elsa spends time 

at the beginning of the year talking with her students and engaging them in conversation 

to get to know them. She related a recent story about a young man who wasn’t 

completing his homework. When she talked with him about it, he explained, “I’m 

working as a busboy six nights a week. … I’m afraid I’ll lose the job, and I need it.” She 

said that she will often talk with students informally whenever they are willing to chat 

with her and usually learns a great deal about their individual situations. Terri uses a 

questionnaire that asks about things they are involved in outside school. She explained 

that this questionnaire often reveals that students are involved in “too many 

extracurriculars” that have a potential to impact their class performance. In discussing a 

recent lesson on budgeting, Patty explained that she began the lesson by asking relevant 

questions like, “Who has a job?” In Janet’s initial call to a new student, she takes time to 

ask, “Tell me about some things you are interested in.” 

 Christy learns about her students’ activities because she hears them as they try to 

“recruit each other” during their conversations. Her students are involved in church 

groups, athletics, and the school math team that she coaches. She also learns about her 

students’ interests through talking with her colleagues. She explained, “I didn’t go out 

looking for anything, but I was just chatting with his Language Arts teacher and she told 

me, ‘You know, he really loves basketball.’”  

 Gina uses a questionnaire at the beginning of the school year to learn about her 

students’ interests and activities. She asks questions such as, “What is your biggest 

accomplishment?” and “What book do you like to read?” She spends the first couple of 
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weeks of the school year talking with them and reviewing their information to get to 

know them. Her students are not very involved with school activities, but some have an 

interest in sports such as baseball and football. 

 Students’ family dynamics and home environment. Three process codes 

(Appendix K) were identified related to the theme of students’ family dynamics and 

home environment: knowing about family structure, knowing about family support, and 

knowing about the home environment. Data indicated that all six teachers reported 

possessing knowledge of their students’ family and home environment. They learned 

about their students’ home environments through non-instructional talk. Table 8 provides 

sample data indicating the strongest representative quotes from select teachers for each 

process code used in identifying the theme of students’ family dynamics and home 

environment. 

 The data showed that four of the teachers were aware of different family 

structures such as students living with an aunt or with older brothers and sisters and 

without parents. In addition, three teachers know about their students’ home 

environments, especially when they view those environments as not conducive to 

learning. Finally, the data indicated that three teachers recognize the different types of 

support available to students at home. Along with this knowledge comes an awareness of 

the potential impact the family structure or home environment might have on student 

performance in the classroom. 

 Five of the teachers explained how they recognize when students are not 

performing as expected and that they spend time talking with them. It is during these 

conversations that they learn about family situations or a home environment that might be 

impacting their performance. In response to the interview request, “Tell me about a time 
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Table 8 

Process Codes and Data Samples for Students’ Family Dynamics and Home Environment 

 
Elsa Patty Terri Christy Gina Janet 

Knowing about 

family structure 
 

And then a lot of 

times, kids will just 

tell me, flat out. 

Look, I can't do 

this; my parents are 

living in another 

state; I am on my 

own living with my 

brother, my sister, 

or my aunt, or my 

grandparents, you 

know what I mean? 

During open house, 

I found out a 

student's mother had 

passed away and he 

was living with his 

aunt. 

 

He was so defiant 

and so vocal toward 

me. I said there's 

something wrong, 

and I found out that 

it was because the 

mother, she was 

always working; he 

lived with his older 

brother. 

I have one young 

lady right now… 

she ran away from 

home, she got 

pregnant, she came 

back and started 

working and was 

almost finished, 

and then the 

boyfriend came in 

and now she's 

living with her 

boyfriend. 

Knowing about home 

environment 
 

I know that several 

of my students that 

have very 

challenging 

situations outside 

the classroom that, 

it's actually amazing 

that they're in the 

classroom. 

  

My school is a low-

income area. I have 

many kids that have 

very bad situations 

in the past, in the 

present. 

I had a student 

who … was an 

orphan. He lived in 

a group home not 

too far from the 

school. 

Knowing about 

family support 

I will call at the start 

of the quarter, and 

suggest to the parent 

that they need a 

more organized 

structure at home to 

help support the 

student. 

  

Yes, they are smart, 

but they have good 

family lives that 

help them stay 

organized and 

prioritized. 

 

She didn't tell me 

she was terrified. 

This child was 

getting cussed out, 

just being laid out 

verbally, and it 

was just not a 

conducive learning 

environment. 
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when you realized that knowing about your students made a difference,” five of the 

teachers described an event related to knowing about a student’s home environment or 

family situation. Terri, Patty, and Janet all described a situation with students who had 

lost their parents. During open house, Terri learned that her student recently had lost his 

mother and that he was living with his aunt. Patty recalled a story of a young man with 

whom she cultivated a relationship over many years, giving him school supplies and 

helping him with his schoolwork. She recently had the privilege of telling him the 

exciting news that he had passed the FCAT. Elsa talked about a student was not turning 

in homework. When she asked him about it, he explained how he had to work at his job 

to help support his family. Janet recalled a story of a young man who was orphaned and 

lived in a group home. She explained that having this information gave her “more 

compassion and understanding” as she worked with him over a number of years. 

 Gina related a story of a student who often acted out in class. She later learned 

that his brother had been in her class many years ago. After she talked with the student 

about knowing his brother, he began helping her by “trying to keep the class quiet when I 

need him to.” She shared another story of a boy who acted out in her class and what she 

learned from the guidance counselor. “He was so defiant and so vocal toward me. I said, 

‘There’s something wrong,’ and I found out that it was because the mother, she was 

always working; he lived with his older brother.” 

 An expectation of Janet’s virtual teaching job is that she talks with the student and 

a parent or guardian on a monthly basis regarding the child’s progress in her course. 

During these non-instructional conversations with the family, she learns about family 

dynamics and the home environment of her students. She related a story of a student who 

almost didn’t get activated into the course because she wouldn’t complete the welcome 
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call, saying, “She didn’t tell me she was terrified. I know that was the case when I finally 

got to speak with her, the mom, I mean; this child was getting cussed out, just being laid 

out verbally, and it was just not a conducive learning environment.” 

 When asked about how knowing something about a student made a difference, 

Christy told the story of the student who liked basketball. She explained how she used a 

basketball example in a recent lesson and saw the student respond, “Oh my goodness. My 

teacher is the coolest thing ever. … That told him that I’m interested in him beyond just 

his homework and tests, so I think that made a difference.” Christy also believes that 

most of her students “have good family lives that help them stay organized and 

prioritized.” 

 Students’ ways of learning. Four process codes (Appendix K) were identified 

related to the theme of students’ ways of learning math: recognizing learning modalities, 

recognizing support needs, recognizing how students learn in groups or independently, 

and recognizing how students approach problems. Data indicated that all six teachers 

possessed knowledge of their students’ ways of learning and the types of support their 

students need. They learned about their students’ ways of learning through observing and 

listening to their students and reflecting on their prior experiences. Table 9 provides 

sample data indicating the strongest representative quotes from select teachers for each 

process code used in identifying the theme of students’ ways of learning mathematics. 

 The data showed that five of the teachers reported that they recognized the 

learning modalities of their students as evidenced by comments such as, “many learn 

through reading,” or “they are willing to show me their calculations personally.” The data 

also indicated that five of the teachers reported that they recognize the different support 

their students need. For example, they knew that some students prefer to get extra help  
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Table 9 

Process Codes and Data Samples for Students’ Interests and Extracurricular Activities 

 
Elsa Patty Terri Christy Gina Janet 

Recognizing 

learning modalities 

If they're not 

willing to speak up 

publicly, they're 

willing to show me 

their calculations 

personally, and 

they'll say "Come 

over here, look at 

mine," because they 

love to hear, 

"Perfect." 

As long as you 

diversify the 

learning 

experiences, you 

will hit all of the 

different learning 

styles, and that's 

what I do. You can't 

say that with one 

particular learning 

style that one thing 

will work 

consistently. 

Many are strong 

with reading 

comprehension. 

Then I use steps and 

examples with color 

coding to reach the 

visual learning, and 

I give oral 

explanations of 

everything I do for 

the auditory 

learners. 

I know, for some, 

these students are 

so amazing, 

sometimes it doesn't 

matter who the 

teacher is, they're 

going to be fine. 

Like they can read 

the book and they'll 

get it, but I still go 

through a couple of 

examples. 

We know if they are 

risk-takers or they 

are open-minded, 

and different styles 

of learning that they 

have. 

 

Recognizing 

support needs 

I know who I need 

to visit. I don't 

make it obvious. I 

don't hit the same 5 

people. I will just 

check in, or I need 

to go back if they 

didn't even get the 

problem started and 

I can get them 

started, go check on 

another couple, try 

and remember to go 

back and double 

check and see that 

they move on. 

 

I am in my room 

every day at lunch 

and have two 

computers and a 

printer available to 

students to come 

and do any school 

work or to get help. 

I have one kid out 

of the whole group, 

one is very shy, but 

it doesn't hinder his 

accomplishments in 

completing any of 

the tasks. It doesn't 

hinder the other 

students working 

with him. He's one 

of those great one-

on-one or in a little 

group where he 

doesn't have to talk 

loudly or do a 

presentation in front 

of the whole class. 

Some of them are 

shy and have a 

learning disability. I 

have a student that 

has a cleft palate, 

and she doesn't like 

to talk a lot in class. 

Her accent changed 

a lot, so I always go 

to her and make 

sure she feels okay 

about the learning 

process. 

When I'm reading 

my students' essays, 

I can tell, this 

student does not, is 

not really getting 

words written. So 

that's when I know I 

need to do like and 

Elluminate direct 

instruction with 

them so they can 

actually see me 

working out the 

problem. 

 (continued) 
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Table 9 (continued) 

 Elsa Patty Terri Christy Gina Janet 

Recognizing how 

students learn in 

groups or 

independently 

There are certain 

times you put kids 

in a certain group, 

they won't even 

talk to the rest of 

the group. If you 

move them, their 

level of interaction 

increases. 

  

I think that 

working in groups 

and teaching 

others is a real 

strong way for 

them to learn. 

I've got students 

that only want to 

work by 

themselves. 

Well, I think that 

my kids are just 

extremely varied. 

I have some 

students who have 

been independent 

learners for a long 

time. 

Recognizing how 

students approach 

problems or take 

risks 

What I saw most 

significantly in 

that class … was 

they balked at 

doing the 

problem. They 

just shut down. 

  

Any time we have 

an opportunity, 

they rise to it, not 

like, this is too 

hard, I don't want 

to do it. I really 

like Algebra 

better. They will 

go for it. 

We know if they 

are risk-takers or 

they are open-

minded and 

different styles of 

learning that they 

have. 
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individually, outside class time, or that some students need to see how a problem is 

worked rather than just hearing an explanation. Four teachers talked about their students’ 

preferences for working independently or in groups. Moreover, they know some of the 

reasons why students prefer to work independently. Finally, the data showed that four of 

the teachers reported recognizing ways in which their students approach problems. For 

example, they know which of their students tend to persevere and which students “back 

away” or “shut down” when faced with a challenge. 

 Elsa understands the groupings that her students prefer. For example, she has two 

students who work best with each other because they both speak Chinese. From reflecting 

on her experience, she knows that groups of three boys and one girl, or vice versa, are not 

highly productive. She described how she learned from the trial-and-error process: 

I combed through our database on my students’ levels and math progression, and I 

created all of these brilliant heterogeneous groups, and then watched what 

worked.…There are certain times you put kids in a certain group, they won’t even 

talk to the rest of the group. If you move them, their level of interaction 

increases. 

 Elsa has participated in extensive professional development in mathematics that 

she reflects upon and uses as she observes her students working with the content. The 

professional development included a variety of inductive activities that she uses in the 

classroom. As the students work through these activities, Elsa observes how they work 

and listens to their mathematical conversations with each other and with her to learn 

about her students’ ways of learning. She said, “Using those activities this year taught me 

a lot.” She knows that some students work very well in small collaborative groups, while 

others work better either with a partner or one-on-one with a teacher. By observing 
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students as they work through the activities, she learns that some students are able to take 

risks while others tend to back away from difficult problems. For example, in discussing 

a recent lesson, she explained, “What I saw most significantly in that class … was they 

balked at doing the problem. They just shut down.” 

 Through years of experience, Terri understands that students come to her with a 

variety of learning styles. To learn about her current students’ learning styles, though, 

Terri said that she uses the questionnaire from the beginning of the school year that 

includes a question about how they best learn math. She knows that this particular group 

of students is “highly motivated to learn the material” and that most of them are visual 

learners. She also recognizes that many of her students learn well through reading. 

 Patty reflects on her middle-school experiences to understand what teaching styles 

might be beneficial to address the different learning styles of her students, saying, “With 

all the experience I have with middle school, I know how to deal with high school.” By 

observing her current students, she learns more about the needs of individual students. 

She knows that some students enjoy projects that provide a lot of autonomy, while others 

respond well to working with partners, using technology, or participating in classroom 

discussions. She briefly described a recent project that required students to budget for 

taking a trip. She gave the students a budget restriction for the trip, and they had to decide 

how they would spend their money. She remarked, “Some kids did better than others 

because of their learning styles.” 

 Because Janet teaches in a virtual classroom where almost all of her students 

work independently, she believes that the majority of the students who do best in that 

environment are independent learners. She knows that she has a few students who learn 

best in groups because she notices that most of their work is turned in through 
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collaborative lessons. She also knows that some of her students would work best one-on-

one or with a partner, but – because of the virtual environment – they have to work 

independently. From experience, she knows that these students will likely need more 

support from her as they progress through the course. Janet interacts with her students 

almost exclusively on the phone, but also in an online classroom. She knows that the 

students who call her often for extra help are her auditory learners, and the students who 

attend online help sessions with her are mostly her visual learners. 

 Christy works with a talented group of eighth-grade students enrolled in Honors 

Geometry, a course usually taken in the tenth grade. She knows that most of her students 

can learn the material through reading, but by incorporating different groupings, she is 

able to observe and listen to them to get a better understanding of how they learn best. 

She often asks them to pair up or get into groups and then listens to their conversations: 

Just listening to them talk to each other in terms of math … I can hear them 

talking back and forth, so I don’t their learning styles; they can be independent, so 

I let them take ownership where I just sit there and give a few examples, and then 

I let them work together to complete a little assignment, and them knowing that 

they can do some more at home individually. 

By doing this, she knows that her current group of students learns best by working in 

groups and teaching others, saying, “I think that working in groups and teaching others is 

a real strong way for them to learn.” She knows that her students can self-select groups 

when prompted and that they will often select different groups. Her quiet students tend to 

prefer working together in pairs, but all of her students work well with each other, and no 

one is ever left out. 

 Gina uses a learner profile at the beginning of the school year to gain an 
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understanding of her students’ ways of learning. By reviewing the results of this profile, 

she knows which students are risk-takers, which students are open-minded toward 

learning, and some of their different learning styles. Through observing her students, she 

knows the different groupings that her students respond to best. Some work well in 

groups, while others do best working individually. She also knows why some students 

prefer certain groupings. For example, Gina has one student who prefers to work 

independently or with a partner because she doesn’t like to talk in groups due to her 

speech impediment. Gina, however, has other students who prefer to work alone because 

they are shy or have a learning disability. 

 It is important to note that, with few exceptions, these teachers spoke about their 

classes in general rather than about particular students. When asked about a time when 

knowing about their students made a difference, each teacher recalled an event with one 

student, not with a class. Elsa, Gina, and Janet incorporated small bits of information 

about individual students into their interview responses, but Gina was the sole teacher 

who provided information about her students’ ethnicities. For example, she explained, “I 

come from a Title I school, very low-income,” and “it’s about 70 or 75 percent Hispanic 

background.” 

 Summary of Research Sub-question 2 

 What social knowledge do teachers have about their students, and how did they 

gather this knowledge? The findings indicated that these teachers intentionally learned 

about their students as they interacted with them within the teacher-student-curriculum 

domain. They set aside instructional time to talk with their students to get to know their 

social backgrounds including their interests, their family dynamics and home 

environments, and their ways of learning. This practice is strongly related to the space 
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identified in the pilot study for responding. In this study, the teachers set aside 

instructional time to talk with their students to get to know their students, once again 

expanding the space from simple responding to communication. As they interacted with 

their students around the curriculum, observing and listening to the students, they learned 

even more about their students’ interests and ways of learning, highlighting another 

instance of the pilot-study space for practicing. As with gathering academic knowledge, 

these teachers provided time for their students to practice with the curriculum, and while 

doing so, they gained more social knowledge about their students. These expert teachers 

used a variety of methods to intentionally gather this social information and integrate 

their newfound knowledge with their previous experiences, indicating that this 

knowledge is also instructionally relevant. 

 Five teachers explained how they took time to counsel or advise their students, 

during which time they gathered information they consider important. Four of the 

teachers used non-instructional talk to learn about their students’ social histories, but in 

various ways. Two teachers reported using questionnaires as a basis for learning about 

students. The other two explained how they spent time “getting to know students” at the 

beginning of the year. Three of the teachers took time to talk with colleagues to learn 

about their students, but for different reasons. One approached the guidance counselor 

and the ESE coordinator to gain information prior to meeting the students. Another used 

the guidance counselor as a source of information for understanding problematic student 

behavior. Finally, one teacher learned about her students through a casual conversation 

with another teacher. Three of the teachers gathered social information about their 

students as they observed or listened to them, primarily as they worked collaboratively on 

the content. Finally, three of the teachers reflected on their prior experiences with 
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students to recognize their students’ ways of learning. 

Research Sub-question 3. Influences on Curriculum and Instruction 

 In what ways does the teacher’s knowledge of students influence curriculum and 

instruction? I used two categories and six themes (Table 10) from the analyzed data to 

answer research sub-question 3. After all data were sorted into provisional or emergent 

categories during the first-cycle coding phase, I returned to the data in the curriculum and 

instruction categories and utilized process coding, followed by theming the data, to 

identify six themes. The curriculum category included four themes: adjusting, applying 

and experiencing, connecting, and preparing. The instruction category included two 

themes: recognizing and responding, and engaging students. 

 

Table 10 

Data Categories and Themes Relevant to Research Sub-question 3  

Research Sub-question 3 Data Categories and Themes 

 Influences on 

curriculum 
 

Influences on 

instruction 

In what ways does the 

teacher’s knowledge of 

students influence curriculum 

and instruction? 

 Adjusting 

 Applying and 

experiencing 

 Connecting 

 Preparing 

 

  Recognizing and 

responding 

 Engaging students 

 

 I used a two-part process to understand how the teachers’ knowledge of their 

students led to changes in curriculum and instruction. First, I revisited the interview data 

and applied causation coding that Saldaña (2013) suggests might be useful in illuminating 

“influences and affects” (p. 165). I re-read each transcript to identify points in the 

interviews where the teacher was describing an action or a decision that she made. After 
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identifying the action or decision, I returned to the transcript and applied causation 

coding (Saldaña, 2013) to identify the antecedent that led to that decision as well as the 

outcome of the action. I then identified the corresponding theme for each antecedent and 

decision. Each sequence was mapped onto a three-column table (Appendix R) and 

analyzed for patterns. In this section, only the decision and the antecedent were used in 

the analysis of the data. 

 Then I moved to the case dynamics matrix to examine the official curriculum, 

along with the decisions the teachers reported in the post-lesson interviews in an effort to 

triangulate the data. To understand how the teacher’s knowledge of her students 

influenced her lesson, I utilized the case dynamics matrix. After filling in the matrix with 

information from the textbook section, I returned to the post-lesson interview data and 

filled in information about what knowledge teachers had of their students and how that 

knowledge influenced changes to the lessons. The case-dynamics matrices, with data for 

each teacher, are in Appendix S. The three-column table produced by causation coding 

proved to be more valuable than the case-dynamics matrices for identifying teacher 

decision points. This is most likely because the teachers were allowed to talk freely in the 

interviews, and the conversation often drifted away from the specific lesson we were 

discussing. 

 In Research Sub-question 3, Part A, the influences on curriculum found in the 

data are presented. In Research Sub-question 3, Part B, the influences on instruction 

found in the data are presented.  

Research Sub-question 3, Part A. Influences on Curriculum 

 In what ways does the teacher’s knowledge of students influence curriculum and 

instruction? Evidence presented in Part A of this question answered the question 
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regarding how the teachers’ knowledge of students influences the curriculum. The 

findings indicated that as the teachers worked within both the first domain (teacher – 

curriculum) and the second domain (teacher – students – curriculum), all six teachers 

used their knowledge of students to adjust the curriculum, provide opportunities for their 

students to apply and experience mathematics, help illustrate the connections within and 

between topics and courses, and help prepare students for exams and future coursework. 

Before describing the ways in which the teacher’s knowledge of students influences the 

curriculum, I will present a brief description of the official curriculum documents that 

represent the lessons the teachers discussed. 

 Elsa teaches honors-level geometry. In the first post-lesson interview, she 

reflected on a lesson on areas and volumes of similar solids. The section begins with five 

exercises to activate prior knowledge regarding similarity and volumes of solids. The 

examples used in the text build on the five problems at the beginning. The marginal text 

explains what students will be learning and why. Another marginal text note relates 

similar solids to Russian nesting dolls. The instructional text includes one theorem, four 

examples, and four practice exercises. Examples 2 and 4 are set in real-world contexts of 

paint cans and paperweights, respectively. There are 50 practice exercises, nine of which 

are real-world application problems.  

 In the second post-lesson interview, she reflected on a lesson on tangents. The 

section begins with six exercises to activate prior knowledge regarding squaring 

binomials and using the Pythagorean theorem. The text refers to an earlier lesson to 

further activate prior knowledge. One marginal text note relates the lesson topic to chain-

drive systems in motorcycles. A second marginal text note outlines a connection between 

tangents and solar eclipses. The instructional text includes two theorems, five examples, 
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and five practice problems. Examples 2 and 4 are real-world applications of belts and 

pulleys and a bicycle chain, respectively. All other examples are purely mathematical in 

nature. Thirty-four exercises are provided, three of which are real-world application 

problems. 

 Patty teaches Advanced Algebra with Financial Applications. In her first post-

lesson interview, she reflected on a lesson on budgeting. The text begins with a real - 

world scenario to introduce the purpose of budgeting. A sample budget is shown and 

explained, followed by a sample budget for students to evaluate. The follow-up exercise 

presents students with a fictitious scenario and prompts them to create a budget. 

 In the second post-lesson interview, she reflected on a lesson on income tax. The 

text begins with an explanation of how income tax is collected. Sample completed tax 

forms are shown and explained. Real-world scenarios are presented, followed by practice 

questions regarding income tax. The informational text ends with an explanation of tax 

brackets and practice questions. The follow-up exercise presents students with a fictitious 

scenario and prompts them to complete a tax form. 

 Terri teaches Precalculus and for both of her post-lesson interviews, she reflected 

on two lessons that focused on sum and difference formulas of trigonometric identities. 

The text begins by presenting the formulas used in the section, followed by seven 

examples. All of the examples are purely mathematical with no references to real-world 

applications. The marginal text explains what students will be learning and why. There 

are 112 practice exercises, two of which are real-world applications. 

 Christy teaches honors-level geometry. In her first post-lesson interview, she 

reflected on a lesson on chords and arcs. The textbook section begins with three exercises 

to activate prior knowledge regarding using the sine and cosine ratios to find the length of 
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the third side of a triangle. The marginal text explains what students will be learning and 

why. The instructional text includes five theorems, three examples, two proofs, and three 

practice exercises. None of the examples are set in real-world contexts. Marginal text 

includes a statement about what students will be learning and why. Other marginal notes 

relate the lesson topic to real-world applications involving Ferris wheels and tires. There 

are 52 practice exercises, three of which are real-world application problems. The other 

49 exercises are purely mathematical in nature. 

 In her second post-lesson interview, we discussed a lesson on inscribed angles. 

The text begins with eight exercises to activate prior knowledge regarding identifying 

arcs and calculating arc measures. The marginal text explains what students will be 

learning and why. The instructional text begins with a hands-on activity followed by two 

theorems, one corollary, one proof, three examples, and three practice exercises. None of 

the instructional text is set within a real-world context. The 58 follow-up exercises 

include three exercises set in a real-world application. 

 Gina teaches eighth-grade Advance Math. In her first post-lesson interview, we 

discussed a lesson on solving equations with variables on both sides. The text begins with 

a real-world scenario and five exercises to help activate their prior knowledge regarding 

how to write equations based on data from a table. The instructional text includes three 

examples, one of which is set in a real-world context involving cell phones, and four 

practice exercises. The 39 follow-up exercises include three real-world applications.  

 In her second post-lesson interview, she reflected on a lesson on solving multiple-

step inequalities. The text begins with a real-world scenario and two exercises to help 

activate their prior knowledge regarding how to write and solve inequalities based on 

data from a table. The instructional text includes five examples, one of which is set in a 
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real-world context involving baseball, and seven practice exercises. The 52 follow-up 

exercises include three real-world applications. 

 Janet teaches Algebra 2 in a virtual environment. For both of her post-lesson 

interviews, we discussed a lesson in which she interacts with a group of students through 

an online software. The lesson was intended to be an activity in which students apply the 

mathematics they learned throughout the module as they investigate pendulums. There is 

no instructional text. The activity is a series of nine questions asking students to conduct 

an experiment with a pendulum, complete a data table, analyze cause and effect, and 

research pendulums.  

 Due to the semi-structured nature of the post-lesson interviews in which the 

teachers were allowed to talk freely, the interviews produced only a small amount of 

evidence regarding actual changes to the particular lessons we discussed. Instead, the 

teachers often started the interview by reflecting on a recent lesson, but then began 

speaking in more general terms about the changes they make to the curriculum. Figure 3 

provides a visual representation of the ways in which teachers’ knowledge of students 

influences the curriculum. The rectangular boxes indicate the teachers’ knowledge of 

students and the ovals indicate the changes teachers make to the curriculum. Descriptions 

and evidence for each of these findings are offered next. 

 Adjusting. Six process codes were identified related to the theme of adjusting the 

curriculum: adjusting the context of examples, adding projects, adding extra examples 

and practice, adjusting the amount of individual practice, adjusting the pacing, and 

adjusting assessments. Data indicated that all six teachers adjusted the curriculum based 

on their academic knowledge of their students’ strengths and challenges and their social 

knowledge of their students’ interests. Table 11 provides sample data indicating the 
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Figure 3. Relationships between teachers’ knowledge of students and curricular decisions 

 

 

strongest representative quotes from the teachers highlighting how they adjust the 

curriculum. 

 The data revealed that four of the teachers adjusted the context of the official 

curriculum to be relevant to their students by changing the context of the examples. The 

data also revealed that four of the teachers added projects to the official curriculum to 

give their students an opportunity to apply mathematics in their own world. Two teachers 

adjusted the curriculum by adding extra practice problems or examples into their 

instruction. Two teachers adjusted the amount of individual practice work they assign to 

their students. Two teachers discussed adjusting the pacing of the curriculum to meet the 

needs of their students. Finally, one teacher discussed adjusting the difficulty of the 

examples and the amount of summative assessments she administered throughout the 

school year. 
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Table 11 

Process Codes and Data Samples for Adjusting the Curriculum 

 Elsa Patty Terri Christy Gina Janet 

Adjusting the 

context of 

examples 

 

Like when we used 

Kelley Blue Book to 

look at cars, I let 

them pick, what kind 

of car to we want to 

pick? What brand, 

what make, what 

model, what year? 

 

I just started 

throwing in 

basketball things 

throughout the 

lesson. I would just 

say something like, 

especially when we 

had a lesson on 

parabolas. 

For example, 

because I know they 

relate a lot to 

baseball instead of 

basketball or 

football, I try to, 

when I do an 

application, I try to 

incorporate, I have 

many Cubans, 

Dominicans, Puerto 

Ricans, so I try to 

ask more baseball 

type of questions. 

Specifically, when 

I'm talking about a 

function, I talk about 

x mapping to y, and I 

talk about one-to-

one, and then I show 

like it's okay for one 

girl to have a lot of 

guys trying to call 

her, but it's not okay 

for one guy to try to 

go after many 

different girls. 

Adding 

projects 
 

I also do projects and 

therefore the kids 

that like a little more 

autonomy can go 

ahead and do a little 

research project 

where, like I did one 

with budgeting and 

taking a trip. 

The students were to 

find their own curve. 

It didn't matter, a car, 

a sport, anything that 

they were interested 

in, and they had to fit 

a function to that 

curve. 

So, I gave them a 

project to take a 

recipe and make, 

their ingredients, 

they had to have at 

least three 

ingredients with 

different fractional 

values like 1/4 cup, 

or 2/3 cup, different 

fractional values. 

 

We did this whole 

project for nine 

weeks on Rubik's 

cubes and patterns. 

(continued)  
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Table 11 (continued) 

 Elsa Patty Terri Christy Gina Janet 

Adding extra 

examples and 

practice 

  

I knew I had to 

review the algebra 

skill of rationalizing 

the fractions, as this 

is a skill the students 

have not been 

applying, 

  

So I almost always 

have the one or two 

open-ended 

essay/free-response 

types of problems 

so they can just get 

practice in 

expressing 

themselves 

mathematically, and 

they can use the 

math vocabulary 

and apply it 

properly. 

Adjusting the 

amount of 

individual 

practice 

I adjust homework 

depending upon 

where they're going. 

  

I just need them to do 

enough to make sure 

they have mastered 

the concept without 

getting in the way of 

everything else that 

is important. 

  

Adjusting the 

pacing 
  

I have had students 

come to me and tell 

me of something that 

has happened and 

prevented them from 

doing the course 

work or prepare for a 

test, and I have given 

them more time. 

  

For example, the 

young lady that’s 

pregnant, she 

should have been 

withdrawn probably 

last August. But 

she’s still in the 

class because I’m 

still working with 

her. 

(continued) 
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Table 11 (continued) 

 Elsa Patty Terri Christy Gina Janet 

Adjusting the 

difficulty of 

examples 

So a lot of times, I will 

adjust the difficulty 

level of the problem as 

my example. I'll go 

look for a different 

one, and I adjust that 

automatically, and I 

think teachers do that. 

It's a comfort factor. I 

want them addressing 

the concept, not the 

math. 

     

Adjusting 

assessments 

I couldn't do a 

summative. I just 

concentrated on 

formative and doing 

the district 

comprehension 

checks required, and 

doing the diagnostic 

testing that's 

required. 
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 The main theme in Elsa’s interviews was student confidence. She knows that her 

students lack confidence in their skills, so she wants to help them build their confidence. 

To do this, she adjusts the official curriculum to alter the complexity of the examples and 

to provide extra examples and practice opportunities for her students. She often 

encounters textbook examples that she feels are too complex for teaching the underlying 

concept and wants her students to be able to learn the concepts without being 

overwhelmed by the computations. She described a textbook example – (1/4)3/2 – that 

required students to cube, and then take the square root of, a fraction. However, the 

numbers in the example did not lend themselves to easily performing these calculations. 

She changed the example to make the numbers friendlier so that her students could learn 

the process without getting lost in the calculations. She explained: 

I think one of the things I automatically will do to adjust content, is, I don’t know 

what it is about people who write these textbooks, but they feel like they can 

throw the toughest problem at you as an example. And I’m going, no, we don’t, 

who cares if the kid can do fractions or not right now? You don’t have to give 

them 1/8 or 1/4 to square root and cube up to prove a point. You can start with 

two. So a lot of times, I will adjust the difficulty level of the problem as my 

example. I'll go look for a different one, and I adjust that automatically, and I 

think teachers do that. It’s a comfort factor. I want them addressing the concept, 

not the math. 

 Another prominent theme in Elsa’s interviews was her instructional time being 

limited this school year due to district-mandated lessons and assessments taking priority. 

She was required to teach and assess isolated lessons that were not always related to the 

content she was teaching at the time. As a result, she adjusted the official curriculum by 
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removing summative assessments in the interest of time. She opted to use more frequent 

formative assessments so that she could better monitor student learning and make the 

necessary adjustments to the curriculum. She adjusts the amount of homework practice 

she assigns based on her knowledge of upcoming events. For example, she doesn’t assign 

homework on extended weekends because her experience tells her that her students 

generally won’t do it.  Another theme in Elsa’s interviews was that she reflects on her 

practice. At the end of each class period, she reflects on how well she delivered the lesson 

and, often, changes the content from one class period to the next in order to improve the 

lesson. An example of this is from our second interview, during which we discussed her 

lesson on ratios of area and volume. Referring to the example that required students to 

cube and take the square root of a fraction, she explained, “The first time I taught the 

lesson, I did it the book’s way, and then I went, ‘Oh no,’ and did it my way, which was to 

modify the lesson examples.” We did not discuss the specifics of how she modified the 

examples. 

 Patty draws on her knowledge of her students to adjust the content and the context 

of the official curriculum. She knows the content of the official curriculum and then 

considers ways make it relevant to her students. Instead of using the examples and 

practice work provided in the textbook, she looks to her students as the source of 

examples and tries to find ways to use her students’ life experiences as a medium for 

teaching the topics or standards of the official curriculum.  

 In her post-lesson interviews, Patty described how she integrates the students’ 

experiences into the curriculum. The lesson on budgets included information about 

income and expenses and how to create an annual budget. The text also mentioned the 

different types of income and explained that after-tax income is used in setting up a 
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budget. In this lesson, Patty began by asking her students to bring in their pay stubs or 

offer information about job benefits in order to understand what after-tax income is and 

how it is computed.  

 Patty also mentioned that in another lesson on purchasing a car, she asked 

students to use a Kelley Blue Book to find information about cars in which they were 

interested. She uses student-provided information to adjust the content and context of the 

official curriculum to make it relevant to her students. This was not one of the lessons we 

discussed at length, so the official curriculum was not used for comparison. 

 Terri utilizes her knowledge of her students’ strengths and challenges to adjust the 

curriculum. In planning for her recent lesson on trigonometric identities, Terri knew that 

her students had not recently practiced their algebra skills. She used this knowledge in 

making the decision to adjust the curriculum to provide extra practice with those algebra 

skills before diving into the lesson. In her lesson on trigonometric identities, Terri 

adjusted the curriculum by providing additional practice with tangent identities because 

they are the most complex. 

 Terri also draws on her social knowledge of her students’ family dynamics and 

home environment as she makes adjustments to accommodate and support her students 

who are dealing with challenges outside the classroom. When students are unable to 

complete an assignment due to circumstances beyond their control, she allows them extra 

time to complete the work. In effect, she is adjusting the pacing of the curriculum for 

those students. 

 Another way that Terri adjusts the curriculum is to give projects that are not part 

of the official curriculum. Terri described a recent project where the students had to fit a 

mathematical curve to something of interest to them. In this project, the students had to 
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choose an item of interest and then use mathematics to determine the equation for that 

curve. By adding this project to the curriculum, Terri was making an adjustment based on 

her students’ interests. 

 In her virtual classroom, Janet is not responsible for assignments or creating 

exams, so she does not adjust the official curriculum. However, she is able to add to the 

curriculum and adjust the pacing as she works with students on an individual basis. 

 Her students are expected to work at a steady pace, but she is able to adjust the 

pacing expectations for her students based on their circumstances. For example, some of 

her students have babies, and a few are heavily involved in competitive sports. To 

support these students, she adjusts the pacing expectations and provides more time for 

them to complete the work. 

 She is required to talk with each student at least once per learning module to 

complete an oral assessment of their learning. During this conversation, she tailors the 

questions to the needs of the students. She reflects on the work they have produced over 

the course of the module and assesses where they are experiencing challenges. For 

instance, she explained that, in general, her students have a difficult time with essay 

questions on the exams. In her conversations with her students, she is careful to ask 

questions about the content that requires the student to explain their thinking. These 

questions do not appear in the online content, so Janet draws on her knowledge of her 

students, along with her content knowledge, to craft the questions. She then uses her 

knowledge of her students’ strengths and challenges as well as their interests to provide 

personalized instruction and relevant examples to help remediate. For example, she 

explained how she might help a student learn the mathematical term function by making 

it relevant to a teenager: 
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Specifically, when I'm talking about a function, I talk about x mapping to y, and I 

talk about one-to-one, and then I show like it’s okay for one girl to have a lot of 

guys trying to call her, but it’s not okay for one guy to try to go after many 

different girls. They might remember that. I break it down into very plain 

language, and when they understand it, I say, now that is the definition of a 

function. 

 Christy adjusts the amount of practice problems she gives for homework because 

she knows that her students have a lot of commitments outside school. This decision is 

also due, in part, to her knowledge of her students’ strengths. She knows that they learn 

quickly and don’t need a lot of practice. She honors their time by assigning enough 

practice problems, choosing from more than 50 in each textbook section, for them to 

practice the concept, but without overwhelming them. She explained: 

My thing is, I want them to be able to not resent math and not resent school. I 

want them to be able to appreciate it and understand that I as a teacher understand 

they have lives after school. I just need them to do enough to make sure they have 

mastered the concept without getting in the way of everything else that is 

important. 

 She adjusts the contexts of the examples that she uses to make the content 

relevant to her students. She described a recent change to a lesson example due to her 

knowledge of a student’s interest. When she learned that one of her students had an 

interest in basketball, she set an example within the context of a basketball trajectory. She 

did not describe the context of the problem as it was written in the official curriculum, 

but she did describe how she made changes by explaining to the class, “This is modeling 

the path of a basketball as Shaquille O’Neal makes a free throw. I’ll bet you that 
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sometimes they videotape it, and they realize why he is so bad at free throws.” 

 The majority of Gina’s students are Hispanic, so she adjusts the examples within 

the official curriculum to set them within the contexts of sports and activities that are 

familiar to her students. For example, instead of skating or gymnastics, she references 

soccer or basketball to make the curriculum more relevant to her students. 

 She draws on her knowledge of her students’ strengths and challenges and adjusts 

the official curriculum by spending extra time on topics that challenge her students the 

most. One example of this is in working with the distributive property. She knows that it 

is an important topic for students to master and that her students generally have difficulty 

with it. She spends extra time on this topic, providing extra examples and practice to help 

her students master the topic. She also uses relevant examples and manipulatives to help 

her student physically relate to the concept. For example, when teaching the distributive 

property, she distributes one or two pencils to each student in order to get them to 

“physically relate” to the topic and make it relevant.  

 Applying and experiencing. Two process codes (Appendix K) were identified 

related to the theme of applying and experiencing: applying math in real-world context 

and experiencing math. The data revealed that all six teachers supplemented the 

curriculum to provide opportunities for their students to apply and experience 

mathematics based on their social knowledge of their students’ ways of learning. Table 

12 provides sample data indicating the strongest representative quotes from the teachers 

highlighting how they help students apply and experience mathematics. 

 The data showed that five of the teachers supplemented the official curriculum to 

provide opportunities for students to apply mathematics in real-world contexts. They did 

so by creating activities or assigning projects that are not included in the official 
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Table 12 

Process Codes and Data Samples for Applying and Experiencing Mathematics 

 Elsa Patty Terri Christy Gina Janet 

Applying 

math in real-

world context 

 

They had a certain 

amount of money for 

their entire budget 

and they had 

restrictions on where 

they were going and 

how they would 

spend their money, 

etc. 

So they were 

applying their 

mathematics to 

something that was 

truly of interest to 

them. 

I had broken pottery 

bits planted out in the 

baseball field, and I 

had the students 

doing an 

archaeological dig 

and their job is to 

find a piece of 

pottery, and then 

using the geometry 

that we learned, their 

job is to calculate 

what the original 

diameter of the 

original pot was 

before it was broken. 

I try to relate to their 

lives on when I do, 

for example, a lesson 

about taxes and stuff 

like that. I explain to 

them that in life, now 

they just want to get 

the iPhone and stuff, 

but there is personal 

issues and things, and 

you have to think 

about a budget. 

The best thing we 

can do in this 

environment is to 

relate to those 

students and show 

them how they can 

use what they are 

learning. 

Experiencing 

math 

I'll give you reams of 

paper, no problem, to 

try and get them to 

physically relate to 

the spatial, visual-

spatial elements of 

geometry, 

   

When I teach 

distributive property, 

I try to relate it to 

when I distribute 

pencils. Sometimes I 

distribute two per 

student or one per 

student. I explain the 

lesson like that. 
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curriculum. Two teachers, Elsa and Gina, incorporated the use of manipulatives to help 

students make sense of and experience mathematics.  

 Elsa provided opportunities for her students to physically relate to and experience 

mathematics. Elsa has attended extensive content-based professional development where 

she received manipulatives and hands-on activities to use in the classroom. She knows 

that many of her students are not academically prepared for honors-level geometry or 

have gaps in their mathematical knowledge, so she uses these manipulatives and 

activities as often as possible to help students gain a physical experience with the math 

concepts. She described one activity in particular where her goal was for students to 

understand the concept of the perpendicular of a triangle. Using a construction activity 

gave the students a physical representation of a perpendicular rather than just one drawn 

on paper. One of the benefits of using these activities is that Elsa can observe her students 

as they work through them and can learn more about what they can do mathematically. 

She shared a recent example of an activity she used from her professional-development 

course. As the students worked collaboratively through the activity, their task was to 

examine the faces, edges, and vertices of lateral solids, fill in a table, and then represent 

the pattern algebraically. She explained: 

It taught me something about their algebraic knowledge. They couldn't come up 

with a general algebraic pattern or n number of lateral sides, and 3n and 2n. They 

could not do that. They are good at pattern recognition but don't think 

algebraically. 

 Neither of these examples were from lessons we discussed in depth, so I did not 

examine the official curriculum regarding these concepts. However, the descriptions 

provided by Elsa strongly represent how she uses manipulatives and activities as often as 
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possible to give her students the opportunity to “physically relate to” mathematical 

concepts and to learn about their academic strengths in the process. 

 Patty knows that her students learn in a variety of ways. To meet their needs, she 

assigns projects that give her students opportunities to apply math in real-world contexts 

and work on something of personal interest. She knows that her students have a weak 

background in mathematics. When she taught the lesson on income tax, the official 

curriculum introduced piecewise functions within the context of tax tables. For example, 

the text included a table showing the different tax brackets and how they are used to 

create a graph of a piecewise-defined function. This was the first time that many of her 

students had seen this type of function, so Patty challenged her students to think of 

examples of piecewise functions in their own lives. Instead of using the given textbook 

examples, the class made piecewise function graphs from the students’ examples.  

 In Patty’s lesson on budgets, the official curriculum provided examples and 

practice questions around fictitious scenarios. One of the examples asked students to 

calculate total expenses and whether there was a surplus or shortage in a given budget. 

Since Patty knows that many of her students have jobs, she chose to have her students 

work collaboratively to make their own budgets. This also more closely matched the state 

standard that stated, “Develop personal budgets that fit within various income brackets.” 

 Christy adds projects and activities to the official curriculum to give her students 

an opportunity to experience mathematics outside the classroom. The textbook section 

related to Christy’s first post-lesson interview included marginal text explaining that 

archaeologists can use chords and arcs to analyze artifacts. In addition, one of the practice 

exercises asked students to apply what they learned in the text to determine the center and 

radius of the rim of a vessel. Christy took this idea and turned an independent exercise 
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into an outdoor class activity. They spent the first half of the class period learning about 

how to use the arc length of a circle to determine the diameter of the circle. Then she took 

them outside to a pre-arranged archaeological dig, where they had to unearth pieces of 

pottery and use their math to re-create the shapes of the original vessels. 

 She used another activity earlier in the year where she assigned a mystery book 

for students to read on their own. When she taught inductive and deductive reasoning in 

the geometry curriculum, she required the students to identify and explain five instances 

of inductive and deductive reasoning in the previously assigned book. This gave the 

students the opportunity to experience logical thinking taught in the geometry curriculum 

in a real-world scenario. After they read the book and discussed inductive and deductive 

reasoning in the context of literature, Christy introduced inductive and deductive 

reasoning as it relates to the geometric law of syllogism. This project was not related to a 

lesson we discussed at length so I did not review the official curriculum related to this 

topic. 

 Janet works with a curriculum that is completely prescribed as far as the content 

and assessments. She is not at liberty to assign special projects to her students or change 

any of the lesson-level practice. However, she did explain that, in the brick-and-mortar 

school, she would routinely assign projects that gave her students the opportunity to 

apply and experience mathematics. She mentioned that she created a project based on a 

Rubik’s cube that one of her students brought to school. 

 In Terri’s project, described earlier, the students had to fit a mathematical curve to 

something of interest to them. In this project, the students had to choose an item of 

interest and then use mathematics to determine the equation for that curve. By adding this 

project to the curriculum, Terri gave her students the opportunity to apply mathematics in 
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a real-world context and allowed for student choice. 

 Gina briefly mentioned how she used a budget project that required students to 

apply mathematics in a real-world context. She gave the students that opportunity to 

make choices and apply their mathematics, but, at the same time, she used the 

opportunity to teach life lessons. She explained: 

 I try to relate to their lives on when I do, for example, a lesson about taxes and 

stuff like that. I explain to them that in life, now they just want to get the iPhone 

and stuff, but there is personal issues and things, and you have to think about a 

budget. In one of our projects, we were talking about a dream car, and they were 

saying what can you afford as far as your dream car? You cannot dream about an 

Escalade and we cannot dream about a Lincoln unless we can afford it. I tell them 

I don't have that dream. I said to them, can you afford it, because maybe you want 

to have the luxury, but then how are you going to afford your insurance and your 

gas, and everything about it? So I try to incorporate things about that, and I'm 

trying to be realistic with them. 

 Connecting. Two process codes (Appendix K) were identified related to the 

theme of connecting: connecting topics and courses and building on current knowledge. 

Data indicated that all six teachers reported helping their students see the connectivity of 

mathematics based on their academic knowledge of their students’ strengths and 

challenges and their students’ places on the learning continuum, as well as on their social 

knowledge of their students’ interests. Table 13 provides sample data indicating the 

strongest representative quotes from the teachers highlighting how they supplement the 

curriculum to help students make connections.  
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Table 13 

Process Codes and Data Samples for Connecting 

 Elsa Patty Terri Christy Gina Janet 

Connecting 

courses 
  

I will often reference 

the course the skills 

come from and 

identify the topic of 

the skill whether it 

be Algebra 1, 

Geometry, or 

Algebra 2. 

Making connections 

between the 

geometry and the 

algebra. When we 

are doing a geometry 

lesson on area, it's 

not just about length 

times width. It's 

going to be about 

multiplying those 

two expressions that 

they may not have 

numerical values. 

They could be 

algebraic 

expressions. 

Then I try to connect 

different classes, 

like, for example, I 

was just introducing 

to my pre-algebra 

students in 8th grade, 

the way to find key 

words on problems, 

find a way. 

Sometimes I cross-

reference geometry 

because a lot of the 

coursework that we 

have in Algebra 2 

actually does cross-

reference with 

geometry really well. 

Building on 

current 

knowledge 

They were giving us 

benchmarks to do 

over content we 

hadn't covered. I 

would hang on to 

five or six of these 

assessments until we 

covered the content, 

then threw them in. 

It was so 

fragmented. 

Well they need to 

know this is real life. 

How does that 

money come out of 

your check? How 

does that all work? 

Well, I have them 

bring me in pay 

stubs so we figure it 

out and why your 

checks are the way it 

is. 

I always will review 

any past skill that is 

necessary for 

understanding of a 

new skill. 

They could see how 

the same thing could 

be done on the 

computer program, 

the same way it 

worked with hands-

on and using the 

compass, and why it 

works on the 

computer. Making 

those connections 

there. 
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 The findings suggest that four of the teachers supplement the curriculum to 

highlight connections within and between courses and topics for their students. Similarly, 

four of the teachers indicated that they provided opportunities for students to activate and 

build on their background knowledge before working with the current official curriculum.  

 Elsa knows that many of her students lack the prerequisite skills necessary for 

geometry, and to help prepare them for learning the new content, she typically starts a 

lesson by providing extra practice and some re-teaching of prerequisite knowledge. Based 

on what she knows of their prerequisite skills and her professional content knowledge, 

she said she builds in “a review of prior skills needed.” Both of the textbook sections 

used in Elsa’s lessons begin with a few problems that give students practice with 

prerequisite skills. Rather than relying on the textbook examples to activate prior 

knowledge, she provides explicit instruction for her students so that they connect what 

they know to what they will be learning. 

 A recurrent topic in Elsa’s interviews was that of the district-mandated testing. 

She explained that the district provided weekly benchmark topics that she was required to 

test and remediate. Her concern was that these topics had not yet been addressed in the 

official curriculum. She felt that it “stressed the kids out” to present the material in such a 

fractured manner, so she tried to weave the district-mandated lessons into the textbook 

content as much as possible in an attempt to make a connection to the current topics. 

Whenever possible, she would wait until they had covered the content and then 

administer the tests. 

 Elsa uses manipulatives and hands-on activities extensively to help the students 

physically relate to the mathematics. Throughout the year, she frequently refers to past 

activities to help refresh her students’ memories and help them see the connection to what 
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they are currently learning. She spoke of an activity she used early in the year to teach 

similar right triangles and the means-extreme theorem. Later in the year, as she pulled out 

one of their work samples from that activity and worked with it again, she felt that it 

made a difference because, “more of them got it” the second time around. This particular 

activity was not one of the lessons we discussed at length, so the official curriculum was 

not reviewed. 

 Patty spends time talking with her students to get them to offer their information 

so that she can use that information to teach a lesson. Advanced Algebra with Financial 

Applications is grounded in real-world contexts, so Patty takes the students’ information 

and weaves lessons around their situations. In a recent lesson on budgets, she asked the 

students to bring in pay stubs from their jobs so they could talk about deductions and how 

after-tax income is calculated. The state standard required students to develop a personal 

budget. Once the students had an understanding of net pay, she had them work to create a 

budget based on their incomes. In this way, she activated their background knowledge 

surrounding paychecks and built on it to teach the standard required by the official 

curriculum, helping them make the connection between what they know and what they 

are learning. 

 Terri, Janet, and Christy often reference previous courses and topics during their 

instruction to help activate the students’ background knowledge. Terri and Christy know 

that their students have been successful in their prerequisite math courses, so they often 

reference those courses and particular topics to prepare students for learning a new topic. 

As Christy explained, “I can refer to concepts they’ve learned in the past without having 

to teach, just relate it to the current content.” 

 Christy also uses technology to help students see connections. After the lesson on 
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arc lengths, where students applied the mathematics in an outdoor activity, she created an 

activity for students to complete using graphing software. This differed sharply from the 

official curriculum as it did not require the use of technology in this lesson. She wanted 

the students to see the connection between how the math is done on paper and how it can 

be done using technology. In the paper-and-pencil activity, the students used a compass, a 

ruler, and geometric theorems to construct perpendicular bisectors, determine the center 

of the circle, measure the radius, and draw the circle. Since the students already had an 

understanding of how the construction worked on paper, they were able to see how and 

why it worked using technology. 

 Gina talked about making connections only in her final interview, when I 

specifically asked her how she helps her students to see or make connections. She 

explained that she does try to highlight connections between courses. For example, she 

recently started using her algebra instructional materials with her pre-algebra students. 

She also incorporates “higher-level geometry curriculum” into her pre-algebra class. 

 Preparing. Three process codes (Appendix K) related to the theme of preparing 

were identified: preparing students for exams, preparing students for future courses, and 

preparing students for life. Data indicated that all six teachers supplement the curriculum 

to provide opportunities for their students to prepare for exams or future courses based on 

their academic knowledge of their students’ strengths and challenges and their students’ 

places on the learning continuum. Table 14 provides sample data indicating the strongest 

representative quotes from the teachers highlighting how they supplement the curriculum 

to help prepare students. The data indicated that four of the teachers recognized the need 

to prepare their students for exams. They know what exams such as end-of-course and 

college entrance exams their students will likely take, so they enact curricula to prepare  
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Table 14 

Process Codes and Data Samples for Preparing 

 
Elsa Patty Terri Christy Gina Janet 

Preparing students 

for exams 

And I go, wow, I 

didn't, wasn't in our 

textbook, or really 

wasn't emphasized, 

so it lets me go back 

and pick up bits and 

pieces of content 

that I didn't cover 

 

I spent less time on 

the song and 

directed them to 

where they could 

find the formula to 

better prepare them 

for their exam. 

 

I try to incorporate 

standardized test 

kind of questions on 

my test. 

So I really try to 

incorporate of that 

in my, into my 

DBAs so that it 

prepares them when 

they see those 

questions on the 

test, they are able to 

express themselves 

because they’ve 

seen something 

similar in the DBA. 

Preparing students 

for future courses 
   

I use the graphing 

calculators in 

Geometry to show 

the kids patterns, 

rather than doing 

everything by hand, 

but also to get them 

aware of the 

technology, because 

when they go to 

high school the 

textbooks are 

written with 

segments devoted to 

the graphing 

calculator. 

Clear the fractions 

before you clear the 

parentheses. That's 

something that I 

don't really 

reinforce before, but 

I know in Algebra 

we do a lot of that 

and in Pre-Algebra 

we want them to at 

least some of them 

know that. 

 

(continued) 
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Table 14 (continued) 

 
Elsa Patty Terri Christy Gina Janet 

Preparing students 

for life 
 

No, not really, like I 

said, it was more of 

a life skill, to 

understand how to 

make a balanced 

budget. 

  

I'm coming from a 

Title I school, low 

income. I reinforce 

the lesson, they 

actually relate to 

their life. At some 

point, that they need 

to work hard, that it 

doesn't matter their 

environment. They 

need to do their best 

for their own good.. 
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students for the exams. The data also indicated that two teachers use their knowledge 

about what courses their students would be taking the next school year or later, to 

emphasize topics within the current official curriculum that will be essential for students 

to carry forward. Finally, the data also showed that two of the teachers enacted 

curriculum that included life skills, including lessons that they believe help prepare their 

students for life. 

 Elsa knows that some of her students must take and pass a semester exam and that 

all of her students must pass the EOC exam for Geometry. She supplements the official 

curriculum with materials that will help prepare her students for these exams. To help her 

students prepare for the EOC exam, Elsa uses supplemental material as a review guide. 

She did not mention whether the district provided this booklet, but it was not part of the 

textbook materials. During our third interview, Elsa explained that she was “in review” to 

help students prepare for the semester exam. 

 Terri knows that her students will take an AICE Precalculus exam at the end of 

the school year. She explained that the AICE exam incorporates different levels of math 

into the problems. To prepare her students for that exam, she emphasizes the use of the 

required formula sheet throughout the year, and incorporates AICE-style assessments into 

her classroom tests. 

 In Patty’s budget lesson, the textbook asked students to analyze a budget and 

calculate expenses, and the state standard asked students to create personal budgets. Patty 

diverged from the official curriculum and assigned her students to create their own 

budgets. Her purpose in doing this was that “it was more of a life skill, to understand how 

to make a balanced budget.” By doing this, she was helping to prepare her students for 

life. 
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 Janet knows that many students have trouble explaining their work on the essay 

questions of exams, so she uses her conversations with them to give them extra practice 

with expressing themselves. She tries to include open-ended questions in her 

conversations to give them “practice in expressing themselves mathematically” so that it 

“prepares them when they see those questions on the test.” 

 In the two textbook sections related to Christy’s lesson, the use of graphing 

calculator technology was suggested four times in the 110 practice exercises, and not 

mentioned at all in the instructional text. Christy knows that some of her students have 

limited experience with the technological tools of math, such as graphing calculators and 

software, and that many of the higher-level math textbooks for Algebra 2 and Precalculus 

have sections devoted to using technology. She incorporates technology into her class as 

often as possible so that her students will be prepared for future coursework. In both of 

the lessons we discussed, she incorporated graphing software into the curriculum, first in 

the student activity on arcs and chords, and then during instruction on inscribed angles. 

 Gina knows that her students are expected to move to Honors Algebra during the 

next school year. For this reason, she chooses to add lessons that focus on work with 

fractions to help prepare her students for honors-level work. This school year, she also 

added in lessons on solving equations and inequalities with variables on both sides. 

Although the lessons were part of the textbook, they were not required by the school 

district for her advanced eighth-grade math course. She chose to teach these lessons to 

prepare her students for next year. She also explained how she emphasized the skill of 

clearing fractions to help prepare her students, saying, “I know in Algebra we do a lot of 

that and in Pre-Algebra we want them to know that.” She also went “beyond the book” 

and taught the students higher-order equations. The textbook included only linear 
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equations, but for her, it was important that the students become familiar with exponents 

and higher-order equations. Gina also supplements the curriculum to prepare her students 

for the FCAT. She mentioned that she did this by “giving an example or two each day 

that is similar to FCAT.” She also mentioned how she incorporates standardized test 

questions in her classroom tests. 

 The prominent theme in all four of Gina’s interviews was preparing students for 

life. Each time she mentioned the FCAT exam or preparing for it, she followed it with 

qualifying statements such as: 

I actually told them that I don't care about FCAT. I prepare you for life. I try to 

give you tips, and once a day, I give you like an example or two that is similar to 

FCAT, but I only want to prepare them for life, for the next school year. 

 This school year, she purchased a book to read to her students each day that 

teaches about life skills. When she first started reading the book to the students, they 

started complaining, but she told them, “I am a model for you. I'm trying to help you with 

your skills in life, too.” 

 During all four of Gina’s interviews, she talked at length about preparing students 

for life. She cares deeply about preparing her students for life and incorporates life skills 

into her curriculum. She often talks with them about making decisions and being 

responsible. She wants “to prepare students for life, not just exams,” so she gives them 

advice and works to make the curriculum relevant to them in the hopes that they will see 

a purpose for learning. Approximately 75 percent of Gina’s students are Hispanic, and 

her school population is very low-income. She relates to this student population because 

she is Hispanic and came from a poor environment. She explained how and why she 

works so hard to help her students prepare for life: 
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I'm coming from a Title I school, low-income. I reinforce the lesson they actually 

relate to their life. I come from a single mom, and I was raised in a really poor 

environment, and I always reinforce socially, they must study and they must do 

the effort, and they cannot use. At some point, that they need to work hard, that it 

doesn't matter their environment. They need to do their best for their own good. I 

reinforce that. They need to help themselves so that they can go to college, they 

can have a better life. I reinforce that really hard in my class because I come from 

a very low-income family and low… so I don't really incorporate that in my 

lessons, but I incorporate that in my daily interaction with them. 

Summary of Research Sub-question 3, Part A. Influences on Curriculum. 

 How does the teacher’s knowledge of students influence curriculum and 

instruction? Research presented in Part A of this question answered the question with 

regard to the influences on the curriculum. The findings indicated that teachers use their 

knowledge of students to adjust the curriculum, provide opportunities for their students to 

apply and experience mathematics, help illustrate the connections within and between 

topics and courses, and help prepare students for exams and future coursework. 

 To make the curriculum accessible to their students, they combined their 

professional content knowledge with their knowledge of their students’ strengths to 

adjust the official curriculum by simplifying the examples, providing extra examples and 

practice for the students when they encounter difficult or important concepts, adjusting 

the amount of individual practice by not assigning all practice problems that are included 

in the official curriculum, adjusting the pacing of the official curriculum to allow time for 

students to master the material, and adjusting their use of assessments provided in the 

official curriculum. To make the curriculum more relevant to their students, they drew on 
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their social knowledge of their students’ interests as well as their knowledge of content 

and curriculum to add projects to the curriculum and to alter the context of examples 

within the official curriculum. 

 They integrated their knowledge of content and curriculum with their social 

knowledge of their students’ ways of learning in order to supplement the curriculum to 

provide opportunities for their students to apply and experience mathematics. This is 

closely linked to the pilot-study space for practicing. However, it is more than simply 

practicing with the content. Instead, it expands the notion of the space for practicing to 

include opportunities to apply or experience mathematics. They do this by using 

manipulatives or activities to give students a physical experience with mathematical 

concepts and by assigning projects that allow for student choice and that require students 

to apply mathematics to something of personal interest. These manipulatives, activities, 

and projects are not included in the official curriculum associated with the lessons we 

discussed in this study. Instead, the teachers draw on their knowledge of content and 

curriculum that has developed through their experience and through professional 

development. 

 They integrated their academic knowledge of their students’ strengths and 

challenges with their horizon content knowledge to highlight connections within and 

between courses and topics by referencing prerequisite courses or by reviewing topics 

covered earlier in the school year. This practice is the same as the pilot-study space of 

making connections. They also draw on their academic knowledge of their students’ 

places on the learning continuum as they activate prior knowledge to build on what 

students already know from previous coursework. 

 They supplement the curriculum to provide opportunities for their students to 



  

   125 

prepare for exams and future courses based on their academic knowledge of their 

students’ places on the learning continuum. Because they know what exams students will 

be taking, they provide additional review and practice to help the students to prepare for 

the exams, such as EOC and FCAT. Because they know what future courses students will 

likely take, they provide extra examples and practice that help prepare students for 

success in those courses. In doing so, they are drawing on their horizon content 

knowledge regarding the connectivity of mathematics, and their knowledge of content 

and curriculum to choose appropriate curricular materials. 

 By using their knowledge of students to shape the curriculum, these expert 

teachers see themselves as competent decision-makers with an obligation to meet the 

needs of their students. They integrate their knowledge of students into their pedagogical 

content knowledge to understand which materials to use from the official curriculum, 

how to use the materials effectively, and how to supplement the curriculum. 

Research Sub-question 3, Part B. Influences on Instruction 

 In what ways does the teacher’s knowledge of students influence curriculum and 

instruction? Evidence presented in Part B of this question answered the question 

regarding how the teachers’ knowledge of students influences the instruction. The 

findings indicated that teachers use their knowledge of students to recognize and respond 

to the needs of their students, and they use a variety of strategies that engage their 

students socially and mathematically. They made instructional choices as they worked 

within both the first domain (teacher – curriculum) and the second domain (teacher – 

students – curriculum). Figure 4 provides a visual representation of the ways in which 

teachers’ knowledge of students influences instruction. The rectangular boxes indicate 

the teachers’ knowledge of students and the ovals indicate the instructional decisions 
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teachers make. Descriptions and evidence for each of these findings are offered next. 

 Recognizing and responding. Three process codes (Appendix K) related to the 

theme of recognizing and responding were identified: checking for understanding, 

analyzing errors, and applying what needs to be done. Data indicated that all six teachers 

reported making instructional decisions that allowed them to recognize what support their 

students need and then respond to those needs based on their academic knowledge of 

their students’ strengths and challenges and their students’ histories with previous 

teachers, as well as their social knowledge of their students’ ways of learning. They 

reflected on their prior experiences as they recognized the different academic and social 

needs of their students and used their vast repertoire of knowledge to implement 

strategies in response to those needs. For these teachers, instruction was not limited to 

content. Instruction included lessons on social and life skills. Table 15 provides sample 

data indicating the strongest representative quotes from the teachers highlighting how 

they recognize and respond to their students. 

 The data revealed that all five of the teachers are careful to analyze student errors 

during their instruction. Rather than simply moving forward with instruction, they take 

the time to consider what aspect of the problem the student doesn’t understand and then 

address that component. The data also showed that four of the teachers use strategies to 

check for understanding in a variety of ways. Some examples are using a “status check” 

and asking students to use their own words to explain a math term. The findings also 

indicated that all six teachers reported responding to the needs of their students by 

applying what needs to be done. They recognized the different types of support their 

students may need, and then provided that support through changes in explanations or 

instructional strategies. 
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Figure 4. Relationships between teachers’ knowledge of students and instruction  

 

 Elsa recognizes that her students do not have a lot of confidence in themselves. 

To help build their confidence, she spends extra time showing them how to analyze and 

break down problems. As she is teaching, she watches the students and recognizes when 

they have “shut down.” She then provides some easier examples to help rebuild their 

confidence. When the content becomes too complicated for them, she can recognize that 

they are becoming overwhelmed and “backs up” to either provide an alternate 

explanation or method or to use manipulatives to present the material in a different way. 

She described a lesson where students were required to work with radicals, and she 

recognized that the students were not following her explanations. This turned into a 

tangential lesson on rounding. She assigned different groups of students to round their 

answers to different decimal approximations before continuing with the calculations. 

Then she led a class discussion focused on how rounding can affect the accuracy of the
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Table 15 

Process Codes and Data Samples for Recognizing and Responding 

 
Elsa Patty Terri Christy Gina Janet 

Applying 

what needs to 

be done 

And I do a got it, and 

I can walk around 

while they're doing 

the got it and 

address, and if I start 

to see a common 

error, that's just like 

remediating. But in 

that remediating, 

sometimes it takes 

representing the 

concept differently 

with a better 

example. 

So, in other words, 

you can't say that 

with one particular 

learning style that 

one thing will work 

consistently. You 

have to diversify, so 

I might use 

whiteboards and 

partners one day, one 

day I might have 

them on the 

computer, another 

day I might have an 

interactive video that 

I'm working with 

with them, another 

day we're just 

working problems. 

So it just depends. 

So, really just 

through trial and 

error, recognizing 

that, okay, well that 

didn't work, so let me 

try something 

different. It's really 

going on what it is 

that they need. 

I know, for some, 

these students are so 

amazing, sometimes 

it doesn't matter who 

the teacher is, they're 

going to be fine. Like 

they can read the 

book and they'll get 

it, but I still go 

through a couple of 

examples. But what I 

like to do is have 

them work 

individually and then 

pair up and then we 

go over it as a group. 

I know they are 

students that need me 

to read the questions 

because they are very 

shy. They are not 

risk-takers. So they 

are really good in 

math but they don't 

want to take the risk 

of having the 

question wrong. But 

sometimes I read the 

question for them or 

I let them work with 

somebody and then 

explain it to me in 

their own language. 

I basically look at, 

like if I know I have 

a student that is 

having formatting 

issues, like they’re 

not able to set up an 

equation, what I’ll do 

is, I’ll explain the 

details of the 

problem with them, 

like I’ll say, when 

I’m explaining to 

them factoring, I’ll 

say to them 

specifically having to 

do with the 

formatting. “This is 

what you would put, 

you would put this, 

and this is why. You 

want to make sure 

that you put this 

constant in front of 

the variable.” 

(continued) 
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Table 15 (continued) 

 
Elsa Patty Terri Christy Gina Janet 

Analyzing 

errors 

If the student didn't 

understand ratio of 

perimeter, or ratio of 

area, and ratio of 

volume, and I work 

really hard with that 

and say, well is it 

that you don't 

understand 1-

dimension, 2-

dimension, 3-

dimension? Try and 

analyze what part 

they don't understand 

and then address 

that. 

 

They were able to 

start the problem, but 

got stuck on the later 

steps where they had 

to kind of draw on 

their background 

knowledge. 

because sometimes 

they're like, I don't 

get it, and you say, 

know, well, what 

part don't you get. 

There's two parts to 

this two-step 

equation and we can 

find little mini-parts. 

I say, you know the 

opposite operation or 

inverse operation of 

adding is subtracting. 

You get that. 

Combining like 

terms, they still have 

trouble with that. 

When you have like 

terms on each side 

you need to combine 

them before you 

combine them to the 

two variable terms to 

one side. They want 

to combine, they 

want to get rid of the 

variable side before 

they combine the 

like terms on each 

side.  

Sometimes the 

students would just 

fill in different 

lengths for the 

different charts as 

opposed to finding 

links for both charts, 

they would fill in 5 

lengths for the first 

chart and 5 lengths 

for the second chart. 

Checking for 

understanding 

And the kids just 

went, Nope! That's 

not working. And I 

can tell just from the 

look on their faces 

because they are not 

shy. I have worked 

very hard with them 

all year. They are not 

shy about, no that 

did not work for me. 

Do that again. Try 

another way. 

 

I had them work 

together on the rest 

of the problems as I 

walked around 

checking on them. 

The status check, 

you just have the 

kids hold up their 

fingers, 1, 2, 3, or 4, 

and I tell them you 

can hold it in front of 

your chest so not 

everybody can see. 

 

I say, that is the 

definition of a 

function. So now 

you tell me, so it's a 

lot of back and forth 

repeating, making 

sure they state it in 

their own words. 

Once they 

understand the 

concept in their own 

words, then attaching 

the math vocabulary 

to that language, 

that's how they have 

acquired that 

vocabulary. 
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final answer. She knew that rounding was something algorithmic that students performed, 

often without knowing why, but this impromptu activity gave them the opportunity to 

explore and understand the effects of rounding decimals too soon in the calculations. 

 Elsa spends a lot of time monitoring student work, not only in whole-group 

instruction, but also individually as she assigns practice problems and then walks around 

to check their work. She knows that her students like to show her their work, so she uses 

this to her advantage. This strategy allows her to check for student understanding and to 

respond appropriately by remediating individually or with the whole class, as needed. 

 At the end of the school year, her students “got tired” and did not put forth much 

effort. She could see that their grades were suffering, so she provided opportunities for 

them to bring up their grades. She recognizes that school events such as pep rallies, fire 

drills, and assemblies tend to change the mood and energy level of her students. As the 

students walk into the classroom each day, she gets a sense of their mood and energy 

level and then makes decisions about how to adapt her planned instructional strategies. 

 Patty reflects on her prior experiences to recognize and respond to her current 

students. She explained that teaching middle school helps her understand “how to deal 

with high school” students, but did not elaborate on what that means. She tries to 

diversify the learning experiences by using a wide variety of instructional strategies “to 

give an opportunity for success for every student every day.” For example, she has three 

Interwrite tablets that she uses on a regular basis, assigning students to various tasks on 

the tablets. She also incorporates computer-based instruction and projects in her classes. 

 Patty also recognizes that her students who do not have strong math backgrounds 

are not very interested in math. Her response is to approach the math through a discussion 

of relevant life events. For example, she knows that many of her students have jobs, so 
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when she taught the lesson on taxes, she began by asking the class to bring in pay stubs to 

analyze. Instead of analyzing fictional pay stubs and reading about taxes in the textbook, 

the students analyzed their own paycheck stubs. 

 Terri recognizes that her students learn in a variety of ways and uses an array of 

instructional strategies and note-taking methods to meet their needs. She uses highlights 

and color-coding for her visual learners and verbal instructions for her auditory learners. 

Since many of her students are strong readers, she requires the students to read the 

textbook as a homework assignment. 

 During the second lesson that we discussed, Terri began reviewing the homework 

from the previous lesson and found that her students had many questions about the 

tangent identities. In listening to her students’ questions, she learned that they were able 

to start the process but got stuck in the later steps of the problems where they had to draw 

more on their background knowledge in algebra. In response, she provided some extra 

examples, then paired the students as they worked through more practice problems. 

 Janet’s work in the virtual classroom is unique in that she performs instruction in 

a variety of ways. Most of her interaction with students is done individually through text, 

email, phone, and collaborative online software. She also teaches a lesson to a group of 

students through the collaborative online software. In the online group lessons, she 

sometimes works with students who are assigned to her class, but most of the students 

who attend these lessons are assigned to other teachers. In our interviews, Janet discussed 

her online group lessons. From reflecting on previous online group lessons, Janet knows 

that some students have trouble using the technology or with particular concepts from the 

reading. In response, she provides specific instructions regarding the technology or the 

troubling concepts at the beginning of the lesson session. She spoke of a recent lesson 
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during which she decided to give specific instruction to the students about how to use the 

tools of the online software. She did this because she recognized that many students are 

nervous about using the new technology, so she wanted to “keep it a really positive 

experience for them.” 

 Janet also provides help and feedback to students in a manner consistent with 

their needs. For instance, when she recognizes that a student has trouble communicating 

in writing, she doesn’t send help through email. Instead, she invites them into the 

collaborative online software so that they can talk and the student can see what she is 

talking about. She gave an example of a student who, she knows, has a strong math 

background, so when that student asks for help, she can “send them a quick text 

message” to start him or her in the right direction. 

 Christy described her students as “amazing” and knows that they don’t require a 

lot of intense instruction. She also recognizes that her students work effectively with 

partners and in groups, so she gives them as many opportunities to work collaboratively 

as possible, often allowing them to choose their own groups. She knows that for her 

teenage students, socializing is very important, so one of her goals is to support their 

social skills. As she said, “It’s not about me… it’s about them. Since they’re teenagers, 

they’re more into each other. I’m trying to let that happen in that class.” 

 Because Gina recognizes that many of her students speak English as their second 

language, she sometimes allows them to work with other students and then respond to her 

in their native language. She recognizes the different learning styles of her students and 

groups them accordingly. She described one student who doesn’t like to speak in groups 

due to a speech impediment, so when it is time to work in groups, she reminds the girl 

that it is okay for her to work independently or with only one partner. Gina also 
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recognizes that her students do not have a great deal of confidence with mathematics, so 

she gives them a variety of ways to show their mastery of the content, such as explaining 

their work or writing in their native language. She explained that she uses journals in her 

class to support her students’ reading and writing skills, but that if they cannot express 

themselves in writing, she will “ask them verbally.” As she said, “verbally or in writing, 

it doesn’t matter to me. If they feel more comfortable verbally, I do that.” 

 It is important to note that, with few exceptions, the teachers rarely spoke of 

individual students. Instead, they spoke in generalities regarding global strategies they 

use. Gina was the only teacher who specifically discussed making accommodations or 

modifications to the curriculum or instruction due to culture, language, or ethnicity.  

 Engaging students. Three process codes (Appendix K) related to the theme of 

engaging students were identified: asking students or allowing students to talk, 

communicating mathematically, and celebrating success. Data indicated that all six 

teachers make instructional decisions that provide opportunities to engage their students 

socially and academically and for their students to engage with each other and with the 

curriculum based on their academic knowledge of their students’ strengths and 

challenges, their students’ histories with previous teachers, and their students’ places on 

the learning continuum as well as their social knowledge of their students’ interests, 

family and home environment, and ways of learning. Table 16 provides sample data 

indicating the strongest representative quotes from the teachers highlighting how they 

engage their students. 

 The data revealed that all six teachers took time to engage their students, either by 

asking them pointed questions or by allowing them time to talk. They did this for a 

variety of reasons that include learning about their stories as individuals and gauging
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Table 16 

Process Codes and Data Samples for Engaging Students 

 
Elsa Patty Terri Christy Gina Janet 

Asking students or 

allowing students 

to talk 

So they had a little 

down time one day, 

and they're chatting, 

these two start 

talking. And the kid 

mentioned, it just so 

sucks that I got into 

this situation and 

failed first semester 

of AP Spanish. I've 

been in 3 different 

schools by the time I 

got here 

Now the seniors that 

I've been talking to, 

some of the seniors, 

some of them have 

pie in the sky ideas 

and they've been 

brought down this 

semester to reality. 

You talk to them a 

lot; try to figure out 

what they want, and 

where they're at. 

You listen to the 

buzzes and 

sometimes you just 

hear that they cannot 

function today. 

They, we just need 

to step back and 

deal with life, and 

then we can move 

forward and deal 

with math. 

It's called a status 

check, and on a 

scale of one to four, 

you just pause and 

check the students. 

Okay, what's your 

status on what, this 

one example? 

You would be 

surprised how much 

you're getting from 

them when you talk 

about what they 

wrote and they said, 

"How do you know 

I like swimming?" 

And I say, "Because 

you wrote it to me at 

the beginning of the 

school year." 

I ask them, “Is there 

anything that I 

should know about, 

tell me anything 

about you that I 

should know that 

would affect you in 

math, anything that 

might be important, 

how you feel about 

math, any 

experiences that 

you’ve had in math, 

that I should know 

so I can support you 

in being successful.” 

Communicating 

mathematically 

You provide time. 

It's very important 

for that kind of 

discourse. They 

have to, if they're 

going to talk, it has 

to be at their pace, 

not yours. You have 

to provide 

something visually 

anchoring, 

something that they 

can progress 

through. 

I actually had them 

think of other 

places, not just 

paychecks and 

benefits, other 

places in their lives 

where they might 

see piecewise 

functions. It was 

really good for them 

to think about other 

ways, other 

situations that made 

sense to them. 

 

But I think they do 

really well working 

in groups because 

that encourages 

them to learn how to 

communicate about 

math. I can hear 

them telling each 

other why and how, 

so I think that 

working in groups 

and teaching others 

is a real strong way 

for them to learn. 

My class is loud and 

I try to hear their 

opinions. I love 

when they challenge 

me and I love when 

they, when I ask 

them why they think 

this is right, or why 

this is wrong, and 

we just back and 

forth, back and 

forth. 

 

(continued) 
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Table 16 (continued) 

 
Elsa Patty Terri Christy Gina Janet 

Celebrating 

success 

I've learned that 

even the bright ones 

want to show you 

they got the answer 

right. So if I walk 

around, I hit 20 out 

of 25 kids because 

they have to show 

me they got the 

answer right. 

When I had him for 

the math class, he 

had failed the FCAT 

and he needed to 

pass it to graduate, 

and I got his scores 

and I was the one 

that got to tell him 

that he passed, and 

that was a big deal. 

It was a big deal. 

   

I'm a super 

encourager. I give 

them a Way to Go! 

Smiley faces on the 

computer, 

graduation caps. I'm 

such a big woohoo! 

I'll say things like, 

that was really hard 

for you to learn. I'm 

so proud of you that 

you were able to do 

that. 
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student understanding of content. The data also showed that four of the teachers provided 

opportunities for their students to communicate mathematically. These opportunities 

included time for one-on-one communication as well as time for students to work in 

groups. The data also revealed that three of the teachers took time to celebrate their 

students’ successes such as mastering the math content and passing a high-stakes exams. 

 All of the teachers described being available to their students outside of set 

classroom hours. Students often visit them during lunch or after school for extra help or 

to discuss challenges with them. The teachers give their students an opportunity to 

engage with them on their own terms. Janet’s situation is a little different, however. She 

does not have a set classroom time with her students. Nevertheless, she is still available 

to help them on an individual basis because they are expected to reach out – by email, 

text, or phone call – to her for individual help any time they have questions.  

 Elsa begins the school year by engaging her students in non-instructional talk 

about their former teachers, giving her the opportunity to “establish a rapport” with the 

students and gain a general idea of their skill levels in a non-threatening way. She 

explained that she typically asks them what middle school they attended and who their 

teacher was so that she can get a general idea of their math skills. 

 Throughout the year, Elsa monitors their mood and energy level as they enter the 

classroom and often sets aside instructional time to listen to the students and allow them 

to express their ideas. She described how taking the time to listen to a student about his 

troubled freshman year at three different schools led to his placement in her Honors 

Geometry course and his desire to take two honors classes during the next school year: 

They had a little down time one day, and they're chatting, these two start talking, 

… start riffing. And the kid mentioned, it just so sucks that I got into this situation 
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and failed first semester of AP Spanish. I've been in three different schools by the 

time I got here. And then because he didn't do well in Algebra 1 because he was 

acting out as a freshman because he was moving around so much, and they 

wanted to make sure he could pass the Geometry EOC, they put him into Informal 

and Regular Geometry simultaneously… . Well, the upshot was that we took him 

out of Regular and Informal Geometry and put him in my Honors Geometry class. 

And he's holding a B/C average. That child, from there, came to me and said, ’I 

want to take,’ and he had a 1.8 GPA by the way… he came to me when they got 

their course selection sheets, and he had signed up for two honors classes. That is 

huge. That is not only dealing with the child's environment; that's impacting it and 

moving him forward. 

 During whole-group instruction, Elsa verbalizes her thought processes as she 

models strategies for working through problems. Then she engages her students in the 

process by eliciting student help with the problems, asking questions like, “What do I 

know? What do I know about this shape?” When students have questions or express 

confusion, she asks them to be more specific about what they don’t understand so that she 

can learn about what they know and can do before deciding where to remediate. She asks 

questions to “elicit what they don’t get” to help her pinpoint where the misunderstanding 

is taking place so that she can remediate appropriately.  

 After whole-group instruction, she typically assigns practice problems so that 

students have the opportunity to engage with the content on their own. She requires that 

they show all of their work so that she can identify where mistakes are being made. 

During individual practice time, she walks around to monitor student work and engages 

with students on an individual basis. She knows which students need extra support and 
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focuses on visiting them as she walks around. She also uses this time to get a sense of the 

general level of understanding and to know if an adjustment to the instruction is needed. 

 Because she is aware that many of her students lack confidence in their math 

skills, she publicly celebrates successes, efforts, and unique approaches. She explained, 

“Even the bright ones want to show you they got the answer right; they love to hear 

‘perfect.’” When she sees a unique approach to a problem, she asks the student to explain 

his or her method or she shares it with the class. When students ask questions or 

contribute ideas, their engagement is rewarded and praised. This leads to further 

engagement with the content and a boost in student confidence. 

 She offers her students the opportunity to engage with her on their own terms by 

being available outside of set classroom hours. For example, she is available during 

lunchtime for “kids who don’t want to be that obvious” about getting extra help. She 

related a story of a girl who came to her during lunch to talk about why she had been 

absent. This visit was unexpected because the girl was “not a happy camper” when she 

was placed in Elsa’s class. Because Elsa was available for the girl to visit on her own 

terms, she learned about the circumstances leading to the girl going to the hospital and 

missing class. 

 Patty talked at length about engaging her students. She uses a variety of 

instructional strategies – computer work, technology, independent and collaborative 

projects, and discussions – to try to engage all students with the content. She briefly 

mentioned using a project where students planned a trip within certain budget parameters. 

She said that she did this so “kids with a little more autonomy can go ahead and do a little 

research project.” This was not one of the lessons we discussed at length and the project 

was not part of the official curriculum. For this reason, the official curriculum was not 
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used for comparison. 

 She knows that many of her students have struggled with mathematics in previous 

courses and that the official textbook is not always that interesting to them. She described 

the classroom discussions as the “most valuable” in getting students engaged with the 

content. She gave an example of a recent lesson around buying a car where she let the 

students pick out the car they researched “so that they had stake, they had ownership and 

a stake” in what they were researching. In one of the lessons we discussed, she started the 

discussion by asking, “Is there anybody here that has a benefit at your job that you work 

at?” She took the information students volunteered and used it as a springboard for 

teaching about jobs, benefits, and piecewise functions. 

 She also provides time for them to explore and consider how what they are 

learning can be applied in their own lives outside the classroom in an effort to make the 

curriculum relevant to them. For example, in the lesson on budgeting, she asked the 

students to think of “other places in their lives” where they might find piecewise 

functions. 

 Patty also described the importance of talking with her students and learning 

about them, both during class and outside of class. She talks with her students about 

what’s going on in their lives and takes a personal interest in them. She feels that by 

listening to them and letting them know that she understands their challenges, she is able 

to connect with them and keep them engaged. Once she has built that connection with 

them, she is able to build on that relationship to help engage them with the content of the 

curriculum. She explained that knowing about her students’ social contexts makes the 

classroom discussions richer because once one student is engaged and starts volunteering 

information, others “feel safe” and want to participate in the conversation, further 
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enriching the learning experience for all students. 

 Patty also related how she celebrates success with her students. She shared a story 

of a boy who had been in her class three years ago and failed the FCAT, which he needed 

to pass for graduation. She knew that both of his parents had died, so she gave him school 

supplies and worked with him over the next two years. Just recently, she had the privilege 

of telling him that he passed the FCAT. To her, it “was a big deal” to be able to share that 

with him. 

 Terri engaged her students in the lesson on trigonometric identities by having 

them work together to explore trigonometric ratios of sums of angles. She gave them 

examples such as sin(30° + 45°) and asked them to use their calculators to evaluate the 

expression. Her goal was for them to discover that sin30° + sin45° was not the correct 

answer and that they would need a new method for evaluating the expression. Once they 

realized that there was a reason for trigonometric identities, she shared a song with them 

to help them memorize the identities. She did not elaborate on the song. This discovery 

approach and engaging song that Terri used differed greatly from that of the official 

curriculum that presented the formulas followed by numerous examples applying the 

formulas. 

 Like Elsa, Terri talked about recognizing and responding to the way students 

enter the classroom. She explained that as they enter the room, she judges their mood and 

considers “what’s going on in their lives,” often making decisions to delay content 

instruction to give the students an opportunity to “step back and deal with life” and then 

“move forward and deal with math.” 

 As students are assigned to Janet’s class, she reaches out to them for the welcome 

call. During this call, she spends time asking the students about themselves and how she 
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can support their learning. Janet also spends time talking with each student at least once 

per month for an official monthly call. During these conversations, she first talks with the 

students about how they are doing and what’s going on in their lives. Then she moves 

into talking with them about how things are going in the course. 

 When asked about helping her students build confidence, she explained that she 

was “a super encourager.” She takes time to celebrate her students’ success. She 

encourages students to continue moving forward by saying things like, “Hey, man, 

you’ve only got like 10 assignments left. You are so almost done.” In this way, she is 

encouraging them to continue interacting with the content to complete the course. 

  One of Christy’s goals is for her students to take ownership of their own learning. 

She knows that “they can be independent,” so she typically gives a few examples and 

then let’s them work together. In their collaborative work, they have the opportunity to 

practice their communication skills, engage with each other and with the curriculum, and, 

ultimately, take ownership of their own learning. Another way she engages her students 

is by using a “status check.” She knows that some students don’t like to be wrong in front 

of a group, so she uses a “status check” where she has students give a signal in front of 

their chest to signify their level of understanding. 

 In all four of Gina’s interviews, she talked in-depth about building relationships 

with her students. She spends time at the beginning of the school year engaging her 

students in non-instructional conversations or uses a questionnaire to learn about them 

and their backgrounds. She uses this information throughout the year to further engage 

her students, both socially and academically. For example, because she collects 

information about her students’ heritage and knows that she has “many Cubans, 

Dominicans, and Puerto Ricans,” she uses examples set in the context of baseball to get 
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them engaged in the content. She knows that her students like to challenge her, so she 

encourages them to challenge her in order to develop mathematical reasoning. She gave 

an example of a recent activity where she gave the students the opportunity to agree or 

disagree with statements and then defend their reasoning. 

 Again, it is important to note that teachers spoke generally about their classes and 

students, with few exceptions. When asked about how knowing about their students made 

a difference, five of the teachers each described one student with whom they had worked 

to foster a relationship that positively impacted the student’s life or education. Elsa 

worked to get a student moved into her Honors Geometry class after he had failed 

Algebra 1. Janet, Patty, and Terri all talked about long-term support they provided to 

students without parents. Gina related how knowing a student’s family helped her to 

better relate to the student and improve his classroom behavior. Christy was the only 

teacher who responded with information about how knowing a student’s interests made a 

difference. She used a basketball example in class and saw the boy’s interest in the lesson 

intensify. 

 One possible reason for the generalities is that the interview questions did not 

specifically ask about what the teachers knew about their students’ cultures, languages, or 

ethnicities. Instead, they focused on the mathematical backgrounds, academic histories, 

ways of learning, and social contexts. As a result, the questions left room for 

interpretation by each teacher. 

 Gina was the sole teacher who specifically discussed making accommodations or 

modifications to the curriculum or instruction due to culture, language, or ethnicity. Like 

many of her students, she is Hispanic and grew up in a very poor environment. 
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Summary of Research Sub-question 3, Part B. Influences on Instruction 

 How does the teachers’ knowledge of students influence curriculum and 

instruction? Research presented in Part B of this question answered the question 

regarding the influences on instruction. The findings indicated that teachers use their 

knowledge of students to recognize and respond to the needs of their students, and use a 

variety of strategies that engage their students socially and mathematically. 

 These teachers integrate their academic knowledge of their students’ strengths and 

challenges and their students’ histories with previous teachers with their knowledge of 

content and teaching to make instructional decisions that allow them to recognize and 

respond to the support their students need. This practice is related to the pilot-study space 

of responding, but more closely fits the notion of a space for communicating. It is also 

closely related to the pilot-study space of practicing. These teachers provided their 

students with an opportunity to practice with the curriculum, and while doing so, the 

teachers were able to recognize and respond to student needs. They provide opportunities 

for their students to interact with them and with the curriculum, both individually and 

with other students so that they can check for understanding. As they check for 

understanding, they take time to analyze the errors and problems that students are having 

and then make changes to the curriculum or instructional strategy to meet their students’ 

needs. 

 They draw on their social knowledge of their students’ ways of learning and their 

knowledge of content and teaching, as well as their knowledge of content and curriculum, 

to make changes to grouping arrangements and provide an array of practice opportunities, 

including the use of manipulatives, technology, independent reading, and class 

discussions. They integrate their academic knowledge of their students’ strengths and 
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challenges, their students’ histories with previous teachers, and their students’ places on 

the learning continuum, with their knowledge of content and teaching to provide 

opportunities to engage their students socially and academically and for their students to 

engage with each other and with the curriculum. They make conscious decisions to set 

aside instructional time to ask their students about their academic backgrounds, previous 

teachers, and previous coursework. This knowledge helps them to understand 

instructional strategies with which students are familiar and to know which topics may 

need review or emphasis. They engage the students with the curriculum during 

instruction by asking them to contribute to the conversation or to the problem-solving 

process. 

 As they draw on their social knowledge of their students’ interests, family and 

home environment, and ways of learning, the teachers make instructional decisions that 

provide opportunities to engage their students socially and for their students to engage 

with each other and with the curriculum. They use some instructional time to allow 

students to talk about events outside of the classroom, including family and home 

situations, that might be impacting their school work. The teachers also use the students’ 

interests to generate conversations around the topic being taught and to further engage the 

students with the curriculum. They make changes to grouping arrangements and provide 

an array of practice opportunities including the use of manipulatives, technology, 

independent reading, and class discussions to get the students engaged with the 

curriculum. When they know of a family or home situation that may affect a student’s 

learning, they take care to reach out to that student individually and work with him or her 

to help the student move forward. 

 All of the practices these teacher use to engage their students, both socially and 
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mathematically, are part of the pilot-study space of responding. However, these teachers 

don’t just ask students to respond. Instead, they engage in a dialogue with the students, 

and even encourage students to communicate with each other, in order to learn about 

their students and understand ways to further engage the students with the curriculum. By 

using their knowledge of students to shape the instruction, these expert teachers believe 

that they have the capacity to meet the needs of their students through instructional 

adaptation. They understand the instructional relevance of their knowledge of students 

and make sense of it so that they can provide the support and accommodations their 

students need. Moreover, they view student engagement and student needs as important 

and necessary. 

Summary of Research Sub-question 3 

 How does the teacher’s knowledge of students influence curriculum and 

instruction? The findings indicated that teachers use their knowledge of students to adjust 

the curriculum, provide opportunities for their students to apply and experience 

mathematics, help illustrate the connections within and between topics and courses, and 

help prepare students for exams and future coursework. They did this by drawing on their 

knowledge of students along with their pedagogical knowledge of content and curriculum 

and knowledge of content and teaching in order to choose curricular materials and 

instructional strategies that they believe will support their students’ learning. 

 To make the curriculum more accessible to their students, the teachers make 

adjustments to the curriculum based on their academic knowledge of their students’ 

strengths and challenges by adjusting the difficulty of the examples from the official 

curriculum, providing extra examples and practice for the students when they encounter 

difficult or important concepts, adjusting the amount of individual practice by not 
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assigning all practice problems that are included in the official curriculum, adjusting the 

pacing of the official curriculum to allow time for students to master the material, and 

adjusting their use of assessments provided in the official curriculum. To make the 

curriculum more relevant to their students, they adjust the curriculum based on their 

social knowledge of their students’ interests by adding projects to the curriculum and by 

altering the context of examples in the official curriculum. 

 Based on their social knowledge of their students’ ways of learning, the teachers 

supplement the curriculum to provide opportunities for their students to apply and 

experience mathematics by using manipulatives or activities to give students a physical 

experience with mathematical concepts and by assigning projects that allow for student 

choice and require students to apply mathematics to something of personal interest. 

Based on their academic knowledge of their students’ strengths and challenges, the 

teachers highlight connections within and between courses and topics by referencing 

prerequisite courses or by reviewing the topics covered earlier in the school year. Based 

on their academic knowledge of their students’ places on the learning continuum, they 

activate prior knowledge to build on what students already know from previous 

coursework. 

 The teachers supplement the curriculum to provide opportunities for their students 

to prepare for exams and future courses based on their academic knowledge of their 

students’ places on the learning continuum. Because they know what exams students will 

be taking, they provide additional review and practice to help the students to prepare for 

the exams such as EOC and FCAT. Because they know what future courses students will 

likely take, they provide extra examples and practice that help prepare students for 

success in those courses. 
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 The findings indicated that teachers also use their knowledge of students to 

recognize and respond to the needs of their students, and use a variety of strategies that 

engage their students socially and mathematically. They make instructional decisions that 

allow them to recognize what support their students need and then respond to those needs 

based on their academic knowledge of their students’ strengths and challenges and their 

students’ histories with previous teachers. They provide opportunities for their students to 

interact with them and with the curriculum, both individually and with other students, so 

that the teachers can check for understanding. As they check for understanding, they take 

time to analyze the errors and problems that students are having and then make changes 

to the curriculum or instructional strategy to meet their students’ needs. 

 Based on their social knowledge of their students’ ways of learning, they make 

changes to grouping arrangements and provide an array of practice opportunities 

including the use of manipulatives, technology, independent reading, and class 

discussions. Based on their academic knowledge of their students’ strengths and 

challenges, their students’ histories with previous teachers, and their students’ places on 

the learning continuum, the teachers make instructional decisions that provide 

opportunities to engage their students socially and academically and for their students to 

engage with each other and with the curriculum. They make conscious decisions to set 

aside instructional time to ask their students about their academic backgrounds, previous 

teachers, and previous coursework. This knowledge helps them to understand 

instructional strategies with which students are familiar and to know which topics may 

need review or emphasis. They engage the students with the curriculum during 

instruction by asking them to contribute to the conversation or to the problem-solving 

process. 
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 Based on their social knowledge of their students’ interests, family and home 

environment, and ways of learning, they make instructional decisions that provide 

opportunities to engage their students socially and for their students to engage with each 

other and with the curriculum. They use some instructional time to allow students to talk 

about events outside the classroom, including family and home situations, that might be 

impacting their school work. They also use the students’ interests to generate 

conversations around the topic being taught and further engage the students with the 

curriculum. The teachers make changes to grouping arrangements and provide an array of 

practice opportunities, including the use of manipulatives, technology, independent 

reading, and class discussions, to get the students engaged with the curriculum. When 

they know of a family or home situation that may negatively impact a student’s learning, 

they take care to reach out to that student individually and work with him or her to help 

the student move forward. 

Research Sub-question 4. Teacher Perceptions of How They Learned to Integrate 

Their Knowledge of Students into Their Practice 

 What are teachers’ perceptions of how they learned to integrate knowledge of 

students into their practice? 

 I used two themes from the analyzed data to answer research sub-question 4. 

After all data were sorted into provisional or emergent categories during the first-cycle 

coding phase, I returned to the data in the “perceptions” category and utilized process 

coding, followed by theming the data (Saldaña, 2013), to identify two themes: experience 

and professional development.  

 In this section, I present evidence found regarding the teachers’ perceptions of 

how they learned to integrate their knowledge of students into their practice. The findings 
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indicated that these teachers have learned to integrate their knowledge of students into 

their practice from reflecting on their prior experiences and through content-based 

professional development. Descriptions and evidence for each of these findings are 

offered next. 

 Experience. Two process codes (Appendix K) were identified related to the 

theme of experience: reflecting on experiences with students and making a difference. 

Data indicated that all six teachers learned to integrate their knowledge of students into 

their practice from reflecting on their prior experiences. Through the years, they have 

tried different techniques, reflected on the effectiveness of the strategies, changed or 

eliminated what didn’t work for them, and continued to build on what did work. 

Similarly, all six teachers recalled a time when they felt they made a difference in a 

child’s life. Table 17 provides sample data indicating the strongest representative quotes 

from the teachers highlighting how they learned from experience. 

 Elsa reflects on her practice daily at the lesson level. By observing her students 

and knowing how they interact with her, she is able to recognize right away when they 

are lost. At the end of a lesson, before the next class period, she sometimes adjusts 

content or instructional strategies based on her judgment of the success of the lesson with 

the current group of students. For example, during the lesson on areas and volumes that 

we discussed, she found that the students were having trouble understanding the math 

concept because the computations with radicals were interfering. After she made changes 

to the examples during the first period class, she collected exit slips, reflected on how the 

lesson could be improved for the other classes, and made changes to the presentation for 

subsequent classes. 

 She also described how she has experimented with different types of groupings to 
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Table 17 

Process Codes and Data Samples for Experience 

 
Elsa Patty Terri Christy Gina Janet 

Reflecting on 

experience with 

students 

I created all of these 

brilliant 

heterogeneous 

groups, and then 

watched what 

worked. And then if 

the kids weren't 

strictly supervised, 

watched what they 

wanted.  

Plus, with all the 

experience I have 

with middle school, 

I know how to deal 

with high school. 

. So, really just 

through trial and 

error, recognizing 

that, okay, well that 

didn't work, so let 

me try something 

different. 

Really, I think, just 

from watching my 

students over the 

years, observing 

them, learning from 

them. 

. 

I found that when I 

tailored it 

specifically with 

math, and then 

that’s where I 

started getting that 

kind of information 

that I was just 

sharing with you. 

Making a difference 

He came to me 

when they got their 

course selection 

sheets, and he had 

signed up for two 

honors classes. That 

is huge. That is not 

only dealing with 

the child's 

environment, that's 

impacting it and 

moving him 

forward. 

Every year I had 

him either as a 

student or he would 

just come and see 

me for three years. I 

would always give 

him notebooks, 

pencils, paper, all 

that kind of stuff. 

When I had him for 

the math class, he 

had failed the FCAT 

and he needed to 

pass it to graduate, 

and I got his scores 

and I was the one 

that got to tell him 

that he passed, and 

that was a big deal.  

During open house I 

found out a 

student’s mother 

had passed away 

and he was living 

with his aunt. I have 

stayed more tuned 

in to his moods and 

have kept in close 

contact with the 

aunt if I notice 

anything we have 

not discussed. 

Just finding out 

something about 

that, all of a sudden, 

math is not just 

about making a 

grade on a report 

card. But, that told 

him that I'm 

interested in him 

beyond just his 

homework and tests 

so I think that made 

a difference. 

That kid was 

always, had been on 

my nerves every 

day. After 

Christmas he 

changed, not 

dramatically, but he 

changed. I know it's 

because I know 

someone who 

knows his mom and 

that and it was a 

little bit emotional.  

But because we had 

such a relationship 

he worked so hard 

for me. There was 

just a really strong 

bond there that I 

think really 

positively impacted 

him whereas 

otherwise he may 

have gotten 

discouraged and 

given up.  
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learn which work best for her students: 

I rearrange my seating as the class is needed. They hate to be in rows, but there 

were some students who would tell me they do better in rows because they have 

less distractions. One of the things I'm learning, this whole notion of collaborative 

grouping, I combed through our database on my students' levels and math 

progression, and I created all of these brilliant heterogeneous groups, and then 

watched what worked. And then if the kids weren't strictly supervised, how they 

watched what they wanted. There is a medium, a happy medium, between letting 

them sit where they want and socialize and putting them in such a heterogeneous 

group where they are so physically uncomfortable, they can't work. There has to 

be a comfort factor. I will say that the activity contributes to the collaboration. 

When you get to be ninth and tenth grade, there is a lot of social peer pressure… . 

I think a factor that was always ignored in collaborative settings is that there has 

to be a certain level of comfort for the students to work well. Otherwise, it's very 

robotic and mechanical. There are certain times you put kids in a certain group, 

they won't even talk to the rest of the group. If you move them, their level of 

interaction increases. 

 Patty relies on her prior experience with middle school students to help her “know 

how to work with high school students.” Patty was unable to participate in the final 

reflective interview, so she did not have the opportunity to explain more about how she 

learned to integrate her knowledge of students into her practice. 

 Gina’s brief explanation of how she learned to use her knowledge of students was 

different from the others. She explained that she gathers as much information as possible 

about her incoming students’ academic profiles at the beginning of the school year to 
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gain an idea of where she can begin instruction. She uses this information to decide 

whether she can “skip reviews” that she usually does at the beginning of the year. 

 Terri has learned through “trial and error.” She described an early attempt to use 

manipulatives with her middle school students. She said that she “learned very quickly” 

that middle school students need time to experience the manipulatives before they can 

begin to use them to model and learn mathematics. From this experience, she learned to 

build in some extra time when introducing students to new tools, recognizing that she can 

accomplish more during instructional time if she allows the students some social time, 

especially after big events or long weekends. Through her experience, she has learned to 

observe and listen to her students, consider what events might be affecting their learning, 

and allow them time to “deal with life.” 

 Janet has learned from experience that by asking different, more pointed 

questions, she can get a better understanding of the types of support her students might 

need. For example, she explained that when she first started working in the virtual 

environment, she was trained to call students for the welcome call and ask, “Just tell me 

about anything you’re interested in.” Eventually, she changed her conversation to ask 

them, “Tell me anything about you that I should know that would affect you in math, 

anything that might be important, how you feel about math, any experiences that you’ve 

had in math that I should know so that I can support you in being successful.” 

Specifically asking about their math background gave her “a ton of information” that she 

could draw on to support her students throughout the course. 

 For Christy, using her knowledge of students is “intuitive” and not something she 

focuses on, other than really knowing “where they are coming from” in order to plan her 

lessons. She did, however, reflect on her experience with her students to make decisions 
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about a recent lesson. In her lesson on chords and arcs, she decided to use the GeoGebra 

program because she knew that her students had responded well to using the program in a 

previous lesson. She also reflected on a recent activity where she grouped the students 

and gave them each a role within the group, saying, “That was the first time I've done it, 

but it worked out well. So I plan on using it again and they'll remember.” 

 Each teacher also recounted an experience where she saw students become more 

engaged in learning simply because they integrated their social knowledge about their 

students into their instruction or into their interactions with the students. It is interesting 

to note that in response to the interview prompt, “Tell me about a time when knowing 

something about your students made a difference,” five of the six teachers talked about 

their knowledge of a student’s family or home environment. 

 Elsa felt that she positively impacted a student’s education by taking time to listen 

to him recount his academic history with failing Algebra and being placed into two 

geometry courses. From their conversations, she learned that he had failed the algebra 

course because the family had moved three times during his freshman year. One result of 

their ongoing interactions was that he registered for two honors courses for the upcoming 

school year. 

 Terri, Janet, and Patty all related stories of how they worked over time with 

students whose parents had both died. Each teacher explained that understanding that part 

of the child’s social history was integral to forming a long-term bond with that child that 

positively impacted that child’s education. 

 Gina related a story of a student who often acted out in class. She later learned 

that his brother had been in her class many years ago. After she talked with the student 

about knowing his brother, he began helping her by “trying to keep the class quiet when I 
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need him to.” She also shared a story of a boy who was disruptive in class. During the 

holiday break, she learned that one of her friends was also friends with the boy’s mom. 

She explained how having a personal connection to the family made a difference: 

That kid was always, had been on my nerves every day. After Christmas, he 

changed, not dramatically, but he changed. I know it's because I know someone 

who knows his mom and that and it was a little bit emotional. It was fun, too. 

 Christy reported that after she interjected an example about basketball into a math 

lesson, she saw a student become more enthusiastic about the lesson. It is interesting that 

Christy responded to this question with information about a student’s interests, whereas 

the other teachers relayed information about the student’s family or home situation. 

Christy’s students are academically talented, taking Honors Geometry in the eighth 

grade. Earlier in the same interview, she talked about knowing that her students “have 

good family lives that help them stay organized and prioritized.” 

 Professional development. Two process codes (Appendix K) were identified 

related to the theme of professional development: taking graduate classes in math and 

attending district-level professional development. Three of the six teachers reported that 

participating in content-based professional development that they sought on their own 

time helped them understand how to use their knowledge of students. Two of the six 

teachers explained how their graduate level coursework helped them use their knowledge 

of students. Table 18 provides sample data indicating the strongest representative quotes 

from the teachers highlighting how they learned from professional development. 

 In the final interview, I asked Elsa how she learned to use her knowledge of her 

students in her practice. In response, she referred to three pieces of professional 

development: earning her master’s degree in instructional design, attending a graduate  
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Table 18 

Process Codes and Data Samples for Professional Development 

 
Elsa Patty Terri Christy Gina Janet 

Attending district 

professional 

development 

So, I went, they're 

very specific about 

item analysis. These 

are things that, they 

do training for 

teachers. They go, 

here's how you do 

item analysis, and if 

you see it as being 

valuable, you pick 

up the tool and you 

learn how to use it. 

 

I have learned about 

different learning 

styles through 

experience, course 

work and 

workshops. 

When I first started 

teaching Geometry, 

because my 

background is in 

elementary 

education, when I 

first started teaching 

Geometry, I 

attending a summer 

professional 

development at the 

district where I 

really go to dig into 

the content and 

learn more about 

how to teach 

geometry.  

  

Attending graduate 

level math classes 

Also, there is the 

Iteach training that I 

did last year, 9 

graduate credits in 

inductive learning. I 

had to take those 

worksheets to a high 

school level, of 

leading them through 

the inductive process 

in small enough 

steps that they could 

try and get to the 

concept inductively.  

 

In this program, we 

studied math topics 

like algebra and 

geometry, and 

problem-solving. It 

helped me see more 

about how 

connected topics are 

and see how some 

topics are important 

because the students 

will see them in 

other math classes.  
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program for geometry teachers, and utilizing district-level professional development. She 

began by talking about earning her master’s degree in instructional design and how she 

learned to analyze concepts, including prerequisite skills, to determine the best approach 

for presenting content to students. In the program, she took two courses that intensely 

examined the learning and teaching process. In these courses, she learned that “there is a 

constant loop between creating, delivery, and feedback, evaluating the lesson.” 

 She then talked about attending a graduate-level summer program for geometry 

teachers where she dove deeply into the content to analyze each concept being taught. 

The content knowledge she acquired as part of this program gave her a deeper 

understanding of the prerequisite knowledge students need and what they should learn 

from the topic. As a result, she asks better questions to generate the academic knowledge 

she needs about her students so that she can adjust the content to meet their needs. In 

addition, she received class sets of an extensive library of manipulatives and training on 

how to use them to promote conceptual understanding. Because of this, she can plan 

instruction around the use of a manipulative activity or to spontaneously incorporate it 

into her instruction, as needed. 

 Elsa also referred to the district-provided professional development around item 

analysis. With each district-mandated diagnostic test, she uses the item analysis to 

determine the strengths and weaknesses of her students so that she knows where to 

remediate. She sees the item analysis as a “valuable” tool in her “bag of tricks.” 

 Christy referred to two separate district-level professional-development 

opportunities that have helped her. When Christy was first assigned to teach geometry, 

she sought professional development to strengthen her content knowledge. This content- 

based professional development helped her to understand more about what students 
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needed to know and be able to do to master the content. She also referred to more recent 

training around the new teacher evaluation system. She explained how she watched a 

video and saw the teacher use a “status check” to gather information about her students. 

She quickly incorporated that into her own practice. 

 Terri completed a graduate program in mathematics education that deepened her 

content knowledge. With this knowledge, she can identify the prerequisite knowledge 

needed when introducing concepts. Moreover, she knows what concepts need more 

emphasis because of their importance in higher-level mathematics. Terri also mentioned 

learning about students’ ways of learning through district professional development 

workshops. 

 It is worth noting that none of the teachers mentioned anything regarding earning 

their National Board Certification during any of the interviews, even though they knew 

that they were contacted solely because they held the certificate in mathematics. The 

certification process requires teachers to reflectively analyze their practice and to justify 

their instructional choices based on their professional expertise and their knowledge of 

their students. Research (Tracz et al., 2005) supports the fact that teachers do learn as 

they complete the certification process, and that teachers report that it is an “outstanding 

professional development” experience (Hunzicker, 2011), but these teachers did not 

discuss this at all. 

Summary of Research Sub-question 4 

 What are teachers’ perceptions of how they learned to integrate knowledge of 

students into their practice? The findings indicated that these teachers have learned to 

integrate their knowledge of students into their practice from reflecting on their prior 

experiences and through content-based professional development. Through the years, 
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they have tried different techniques, reflected on the effectiveness of the strategies, 

changed or eliminated what didn’t work for them, and continued building on what did 

work. Three teachers attended content-based professional development in the form of 

graduate studies or district-level workshops and commented that these sessions were 

effective in learning content but did not directly address issues of knowledge of students 

as it relates to practice. All six teachers, however, referred to learning from their years of 

experience in the classroom. The practices these expert teachers have used to learn how 

to integrate their knowledge of students into their practice reside in the teacher-

curriculum domain where teachers interact individually with the curriculum, a domain 

not addressed in the pilot study. For this reason, additional spaces, or themes, were 

identified in this study to account for these practices. 

Overarching Research Question. Socio-Academic Spaces 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? I used two categories and six themes (Table 19) from the analyzed data to 

answer the overarching research question. The overarching goal of this study was to 

identify and characterize the spaces that teachers create as they integrate their knowledge 

of the social and academic histories of their students into their practice. I returned to the 

previously used three-column table of antecedents, decisions, and outcomes described 

earlier and categorized each decision point or action as an interaction in one of the two 

domains relevant to this study: (a) between the teacher and the official curriculum, as 

they reflectively integrate their knowledge of students into their practice, and (b) among 

the teacher, the students, and the enacted curriculum. Examples of interview data that fit 

into each domain are in Appendix Q. 
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Table 19 

Data Categories and Themes Relevant to Overarching Research Question  

Overarching Research Question Data Categories and Themes 

 
Teacher – Curriculum  

Teacher – Students – 

Curriculum 

What are the nature and 

function of the socio-

academic spaces that 

successful secondary math 

teachers create as they 

integrate their knowledge of 

students into their practice?  

 Analysis 

 Reflection 

  Application and 

experience  

 Communication 

(responding) 

 Connections 

 Practice 

 

 

 

 I examined each antecedent, decision, and outcome discussed earlier and 

attempted to categorize each event into one of the six spaces (themes) identified in the 

2007 study (making connections, practicing, making choices, being responsible, 

responding, and feeling safe). Emergent spaces were theorized from data that did not fit 

into the descriptions of the previously identified spaces, and spaces were added and 

adjusted until no new spaces were identified. Two spaces from the previous study were 

not identified in the data from this study, one space from the previous study was 

determined to be an outcome rather than a space created, and three additional spaces were 

identified. Six spaces were identified. 

 The spaces for making choices and for being responsible, identified in the pilot 

study, were based, in part, on classroom observation data. These two spaces were not 

identified in the current study. Three new spaces were identified in the current study, two 
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of which are situated in the teacher-curriculum domain that was not a part of the pilot 

study. The third new space identified in the current study was a space for students to 

apply and experience mathematics. The space that the teachers created in the pilot study 

for students to feel safe was found in the current study in nearly every outcome. For this 

reason, I determined that it was not a separate space that the teachers create, but a goal or 

an outcome of the teaching process. 

 In overarching Research Question Part A, the spaces the teachers create as they 

work with the official curriculum to plan for instruction are presented. In overarching 

Research Question Part B, the spaces the teachers create as they work with the students 

are presented. 

Overarching Research Question, Part A. Teacher-Curriculum Domain 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? The findings from the four research sub-questions were used to understand what 

academic and social knowledge of students the teachers draw upon and how they use this 

knowledge as they are interacting independently with the curriculum and the evidence is 

presented in Part A. The findings indicated that they create two spaces: analysis and 

reflection. In this section, I present evidence found regarding the spaces teachers create as 

they work with the official curriculum. Next, I offer descriptions and evidence for each of 

these findings. 

 Analysis. As the teachers interact independently with the official curriculum to 

plan for instruction, they create a space for analysis. Within this space, they integrate 

their professional content knowledge with their academic and social knowledge of their 

students as they analyze the official curriculum. This socio-academic space informs what 
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they will teach and utilize from the official curriculum. 

Content knowledge. The teachers know the official curriculum for the courses 

they are teaching as well as the placement of that course on the learning continuum. They 

use their content knowledge from coursework or professional development to consider 

what psychological tools or cognitive skills are being used or taught in the official 

curriculum and to consider what prerequisite skills need to be taught or reinforced in 

order to prepare students for the current lesson. 

 The teachers recognize that the course they are currently teaching is situated 

within a learning continuum of prerequisite courses and higher-level courses. From this, 

they know what prerequisite skills their students should have and what tools and skills 

students need to acquire in order to succeed on high-stakes exams and in future math 

courses. The teachers use this information to analyze the official curriculum and make 

decisions about what skills and topics they should teach. 

 Three of the teachers reported having deep content knowledge due to content-

based professional development they had sought on their own time that helps them 

analyze the curriculum. For example, Elsa attended a special graduate program for 

geometry instructors where she interacted with the content. Christy sought content-based 

professional development through her school district when she was first assigned to teach 

Geometry. The content-based professional development these teachers received provided 

them with a greater understanding of the prerequisite knowledge that students need in 

learning new concepts in geometry. As a result, they are able to draw on this knowledge 

as they analyze the official curriculum and plan the formal curriculum. Terri has a 

graduate degree in math education that resulted in a deepened content knowledge. She 

uses this knowledge to recognize connections between courses and topics as she analyzes 
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her curriculum. 

 Five of the teachers referenced the need to prepare their students for future 

coursework or for high-stakes exams. As they analyze the official curriculum, they 

consider what skills and knowledge their students will need in order to succeed. Elsa 

reviewed the requirements of the Geometry EOC so that she could be sure to adequately 

prepare students for that exam. She knew that some topics on the exam were not 

emphasized in the official curriculum. As a result, she gathered outside resources and 

planned some lessons for the sole purpose of reinforcing those topics. Gina, knowing that 

her students would be taking Honors Algebra the following school year, analyzed the 

scope of her official curriculum and decided to include extra content she knew the 

students would need. Christy knew that her students would be taking math classes that 

require the use of technology. She recognized that her official curriculum did not 

emphasize the use of technology, so she enriched her curriculum by adding the use of 

scientific calculators and computer software. Terri knew that her students would take the 

AICE Precalculus exam, so she emphasized test-taking strategies that were not part of her 

official curriculum. 

 Academic knowledge. The teachers draw on their academic knowledge of their 

students’ strengths and challenges as they analyze the official curriculum. For example, 

Elsa analyzes the amount and complexity of the examples, the summative assessment 

items, and the amount of practice items provided. Terri analyzes the prerequisite skills 

needed and the complexity of the examples. Gina analyzes the difficulty and importance 

of the topics, as well as the examples that are provided. 

 Their academic knowledge of their students allows them to identify opportunities 

to adjust the official curriculum, to highlight connections within and between courses and 
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topics, and to supplement the curriculum to prepare students for exams and future 

coursework. They identify opportunities to activate and build on background knowledge 

before beginning new instruction. They make decisions about how much practice work to 

assign and which topics warrant more instructional time. They consider the difficulty 

level of the official curriculum and make decisions about how to adjust the pacing, 

examples, and complexity of the topic to meet the needs of their students. 

 Social knowledge. The teachers draw on their social knowledge of their students’ 

interests as they analyze the official curriculum. Patty analyzes the content and context of 

the examples. Christy analyzes the amount of practice items provided and the context of 

the examples. Gina analyzes the context and relevance of the examples provided. 

 The teachers draw on their social knowledge of their students’ ways of learning as 

they analyze the official curriculum. Elsa identifies opportunities for her students to 

physically relate to and experience mathematics using manipulatives or activities. Patty 

identifies opportunities to include projects that allow her students to work on something 

of interest to them. Christy identifies opportunities for her students to experience 

mathematics outside the classroom and in different contexts. Their social knowledge of 

their students allows them to identify opportunities to adjust the official curriculum to 

make it more relevant to their students and to identify ways to supplement the official 

curriculum in order to provide opportunities for their students to apply and experience 

mathematics and to highlight connections between topics. 

 The interview questions regarding the teachers’ social knowledge of their students 

were vague and left much to the interpretation of the participants. It is interesting that in 

answering these questions, the majority of the teachers did not discuss the cultural 

diversity of their classes, instead talking about their classes in generalities. In fact, Gina 
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was the only teacher who discussed her students’ cultural backgrounds and 

socioeconomic status when she talked about her classes. All of the teachers, however, did 

reveal their knowledge of their students’ socioeconomic status, family structure, or home 

environment when they told stories of individual students. 

 Reflection. As the teachers interact independently with the official curriculum to 

plan for instruction, they create a space for reflection. Within this space, they integrate 

their professional content knowledge with their academic and social knowledge of their 

students as they reflect on their experience. This socio-academic space informs how they 

will teach the official curriculum. 

 They reflect on their prior experiences as they recognize the different academic 

and social needs of their students and use their repertoire of content knowledge and 

instructional experience to implement strategies in response to those needs. All of the 

teachers reported how they know from years of experience what skills need to be 

remediated or emphasized, as well as what strategies are more successful. They reflect on 

their prior experiences with former students, other teachers, and the curriculum to 

understand the general academic deficiencies students bring with them to their classroom, 

and they use that knowledge to plan remedial instruction to fill in gaps or activate 

background knowledge prior to introducing the new topics. They reflect on the topics 

they have taught during the current school year and how well the students have mastered 

those topics. 

 They reflect on their academic knowledge of their students’ histories with 

previous teachers and their social knowledge of their students’ and ways of learning to 

plan instructional strategies that provide opportunities for their students to engage, 

socially as well as academically. By understanding the different experiences students 
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have had with their former teachers, they can address weaknesses and build remediation 

into the lesson, employ similar teaching strategies, and enhance the curriculum with 

technology and projects. They use their social knowledge of their students’ ways of 

learning to plan activities and projects. 

Summary of Overarching Research Question, Part A 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? Research presented in Part A of this question answered the question regarding 

the spaces created as teachers interact independently with the official curriculum to plan 

for instruction. The findings indicated that they create two spaces: analysis and reflection. 

 As the teachers interact independently with the official curriculum to plan for 

instruction, they create a space for analysis that informs what they will teach and utilize 

from the official curriculum. Within this space, they integrate their professional content 

knowledge with their academic and social knowledge of their students as they analyze the 

official curriculum. They also create a space for reflection that informs how they will 

teach the curriculum. Within this space, they integrate their professional content 

knowledge with their academic and social knowledge of their students as they reflect on 

their experience. They reflect on their prior experiences as they recognize the different 

academic and social needs of their students and use their repertoire of content knowledge 

and instructional experience to implement strategies in response to those needs. They 

reflect on their academic knowledge of their students’ histories with previous teachers 

and their social knowledge of their students and their ways of learning to plan 

instructional strategies that provide opportunities for their students to engage both 

socially and academically. In addition, they use their social knowledge of their students’ 



 

   166 

ways of learning to plan activities and projects. 

Overarching Research Question, Part B. Teacher-Students-Curriculum Domain 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? The findings from research sub-questions 1, 2, and 3were used to understand 

what academic and social knowledge of students the teachers draw upon and how they 

use this knowledge as they are interacting with the students and the enacted curriculum 

and the evidence is presented in Part B. The findings indicated that the teachers create 

four spaces: application and experience, communication, connections, and practice. The 

space for responding that was identified in the pilot study was renamed 

“communication.” The space for feeling safe that was identified in the pilot study was 

determined to be an outcome rather than a separate space. In this section, I present 

evidence found regarding the spaces teachers create as they work with the students and 

the enacted curriculum. Next, I offer descriptions and evidence for each of these findings. 

 Application and experience. The teachers adjust the curriculum to provide a 

space for their students to experience mathematics and apply it to their world. They do 

this by integrating projects, activities, and the use of manipulatives into their instruction. 

For the purposes of this study, a project is an assignment the teacher gives the students to 

work on primarily outside class time, an activity is completed during class time under the 

supervision of the teacher, and a manipulative activity involves the uses of manipulatives 

or items that serve as manipulatives. In the 10 textbook sections reviewed in this study, 

only two sections included an activity for students to apply and experience mathematics. 

None of the sections included projects or the use of manipulatives. The primary function 

of this space is for students to see the utility of mathematics. 
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 The projects that the teachers described in this study (Appendix T) were not part 

of the official curriculum. They were projects that the teachers created or learned about 

from content-based professional-development workshops. The projects give the students 

an opportunity to experience mathematics outside the classroom and to apply 

mathematical thinking in real-world scenarios. Christy’s geometry project, in which she 

assigned a book for students to read, gave the students the opportunity to experience 

logical thinking taught in the geometry curriculum in a real-world scenario. She also 

described another project she assigns when she teaches about fractions. In the project, the 

students have to multiply and divide fractions as they scale the recipe. This is another 

chance for students to apply the mathematics they learn in the classroom to a real-world 

experience. Patty assigned a vacation project that gave the students an opportunity to 

apply what they were learning about managing money to a real-world scenario. 

 Activities are another way that these teachers adjust the curriculum to help their 

students experience and apply mathematics. The archaeological dig described by Christy 

is an example of one such activity. After the students learned the mathematics behind 

using arc lengths to determine the circumference of the circle, Christy set up a real-world 

scenario in the form of an archaeological dig where students had to apply the 

mathematics to solve problems. 

 Patty incorporates activities that allow her students to integrate what they know 

into how they learn about the mathematical topic being discussed, and then use that 

knowledge to apply it to their own situations. For example, when she taught the lesson on 

income tax/benefits, the official curriculum introduced piecewise functions within a real-

world context. Patty built on this and challenged her students to think of examples of 

piecewise functions in their own lives. Instead of using the textbook examples, the class 
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made piecewise function graphs from the students’ examples. 

 None of the textbook sections reviewed in this study included the use of 

manipulatives. However, Elsa and Gina described using manipulatives during their 

instruction. Gina described passing out everyday objects to students to help them 

understand the distributive property. Elsa, who talked the most about manipulatives, 

reported that she routinely uses manipulative activities to introduce concepts or as an 

alternative method when she notices that students do not understand something. The use 

of manipulatives gives the students an opportunity to practice using the psychological 

tools (manipulatives) of mathematics and to physically relate to mathematical concepts. 

 Communication. The teachers provide a space for their students to communicate 

with them formally, informally, and non-verbally. Formal communication, or 

instructional talk, is content-focused communication that takes place during instruction as 

the teacher and students communicate directly with the purpose of teaching cognitive 

skills and psychological tools. Some examples of formal communication are whole-group 

instruction and teachers and students having a dialogue about student work. The primary 

purpose of communication for these teachers is for them to learn about their students 

academically and socially. Informal communication, or non-instructional talk, may or 

may not be content-focused communication. This communication takes place as teachers 

listen to and observe their students, either socially or as they work together to complete a 

task. This communication also takes place when teachers talk with their students to gather 

information about their social and academic backgrounds. Some examples of informal 

communication are listening to students as they work in groups and asking students about 

their backgrounds or interests. Non-verbal communication typically takes place during 

instruction as the teachers observe the students for visual cues such as understanding, 
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confidence, lack of confidence, or confusion. 

 The teachers provide a space for their students to communicate so that they can 

gather information about their students’ strengths and challenges. They do so in three 

ways. First, they talk with the students at the beginning of the school year to learn about 

their backgrounds in math and ask about their former teachers. Second, they encourage 

students to work with each other, and then they listen to the conversations and observe 

how the students work. Through these observations, they learn about their students’ 

background knowledge. Third, they engage students in instructional talk during the 

lesson by asking questions such as, “How did you get that answer?” They also directly 

interact with students by asking them to show their work. In this way, the teachers gather 

more information about their students’ strengths and challenges. 

 The teachers also provide a space for their students to communicate so that they 

can gather information about where the students are on the learning continuum. They 

spend time talking with the students informally, or using questionnaires, to learn about 

what courses the students have completed, as well as their academic plans. 

 The teachers provide a space for their students to communicate so that they can 

gather information about their students’ histories with previous teachers. In addition, they 

spend time at the beginning of the school year talking with their students informally and 

getting to know them by asking about their former teachers. 

 They provide a space for their students to communicate so that the teachers can 

gather information about their interests and extracurricular activities. They spend time at 

the beginning of the school year talking with their students informally and getting to 

know them by asking about their interests and activities. One teacher listens to students 

as they work with each other and hears them talking about their school activities. Another 
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teacher begins lessons by formally asking students, “Who has a job?” 

 So that they can gather information about their students’ family dynamics and 

home environment, the teachers provide a space for their students to communicate. As 

they notice students not performing as expected, they spend time talking with them 

informally, inquiring, “What’s going on?” These conversations give the teachers insight 

into family situations or home environments that might be impacting their academic 

performance. 

 They also provide a space for their students to communicate so that they can 

gather information about their students’ ways of learning. They spend time at the 

beginning of the school year talking with students informally, asking them how they best 

learn math or how they can support their students in learning. They also observe and 

listen to their students as they work together. These observations lead to a better 

understanding of how their students learn best. 

 Connections. The teachers adjust the curriculum to provide a space for their 

students to see or build connections between what they know and what they are learning. 

They do this by referencing previous coursework, providing practice with prerequisite 

skills, and using examples that are relevant to their students. The function of this space is 

for students to engage with the curriculum and build a bridge from what they know to 

what they are learning. 

 The teachers reference previous courses and provide practice with prerequisite 

skills in order to help establish a connection between what students know and what they 

are learning. In the 10 textbook sections reviewed in this study, six sections included an 

introductory area providing practice with prerequisite skills. The teachers did not 

specifically discuss whether they used this part of the textbook. However, they did 
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describe strategies they use in order to help their students make connections with what 

they are learning. 

 Terri, Janet, and Christy reference previous courses and topics during their 

instruction to help activate the students’ background knowledge. Janet tries to reference 

previous courses and topics in order to judge where she needs to begin instruction with 

her students. When students ask for help, she reminds them of prior knowledge they 

should have from previous courses so that she can build on that knowledge to help them 

with the current topic. Elsa typically starts a lesson by providing extra practice and some 

re-teaching of prerequisite knowledge, and throughout the year, refers to past activities to 

help refresh her students’ memories and help them see the connection to what they are 

currently learning. 

 Fifty-nine examples were provided in the 10 textbook sections, of which 14 were 

real-world examples. The other 45 examples were purely mathematical in nature. Four of 

the teachers reported adding or adjusting examples in an effort to make the context 

relevant to their students. 

 In Gina’s eighth-grade-textbook sections, there were 19 examples, four of which 

were set in a real-world context and referring to baseball, DVDs, cell phones, and flags. 

To help her students, she adjusts the contexts of the examples to make them more 

relevant to her students, often referencing sports or activities that she knows are familiar 

to her students so that they have a foundation on which to build while learning the 

mathematics. 

 Patty’s textbook provided five real-world examples in the two sections she 

discussed in this study. However, Patty explained that she prefers not to use the textbook 

examples and asks students to contribute their personal experiences to use as a medium 
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for teaching the topics or standards of the official curriculum. 

 Christy’s geometry textbook included 13 examples, all of which were purely 

mathematical. While not specifically referring to these sections, she did describe how she 

routinely integrates her knowledge of her students’ interests to provide a real-world 

connection to the topic being discussed. Christy also uses technology to help students see 

connections. After the lesson on arc lengths, in which students applied the mathematics in 

an outdoor activity, she created an activity for students to complete using graphing 

software. She wanted the students to see the connection between how the math is done on 

paper and how it can be done using technology. She mentioned another time when she 

changed the context of an example on parabolas to include a reference to the path of a 

basketball, based on her knowledge of her students’ interests. 

 Janet described how she uses relevant examples when she talks with students to 

help them understand math vocabulary. She mentioned an example of how she explains 

the definition of a “function” by referring to boys calling girls, thus making the term 

more relevant to their lives. 

 Practice. The teachers adjust the curriculum as they create a space for their 

students to practice the skills they are learning. Most notably, they provide extra 

examples and practice to help their students master challenging topics. However, they 

also provide extra practice that helps prepare their students for future exams and 

coursework. There are two functions of this space. One function is to make mathematics 

accessible so that students can engage with the curriculum. The other function is to 

prepare students for what they are expected to master in their journey through 

mathematics.  

 During instruction, the teachers give the students time to practice what they are 
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learning. The more challenging or important the topic, the more practice the teachers 

provide. For example, Gina spends a lot of extra time teaching the distributive property 

because it is an important fundamental concept for students to master, and her students 

typically find it difficult. She also provides extra practice with integers for similar 

reasons. When Terri recognized that her students were having difficulty with the complex 

tangent identity, she provided extra practice with both the identity and the prerequisite 

algebra skills. Both Gina and Janet provide opportunities for their students to practice the 

proper use of mathematical vocabulary.  

 Four of the teachers supplement the official curriculum by providing extra 

practice for their students that is geared toward preparing them for the end-of-course 

exams and higher-level mathematics courses. Elsa provides extra practice from 

supplementary materials to help her students prepare for the EOC exam. Gina provides 

extra lessons and practice to prepare her students for honors-level Algebra 1. Christy 

integrates the use of technology into her course to help prepare her students for future 

courses where technology will play a larger role. Elsa, Gina, and Terri provide practice 

with the types of questions their students might see on standardized tests. 

Summary of Overarching Research Question, Part B 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? Evidence presented in Part B of this question answered the question regarding 

the spaces the teachers create as they interact with their students and the enacted 

curriculum. The findings indicated that the teachers create four spaces: apply and 

experience, communicate, connect, and practice. Figure 5 presents a visual overview of 

the nature and function of the four socio-academic spaces. 
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 The teachers adjust the curriculum to provide a space for their students to 

experience mathematics and then apply it to their world by integrating projects, activities, 

and the use of manipulatives into their instruction. They provide a space for their students 

to communicate with them formally, informally, and non-verbally. The primary purpose 

of communication for these teachers is for them to learn about their students both 

academically and socially. They adjust the curriculum to provide a space for their 

students to see or build connections between what they know and what they are learning 

by referencing previous coursework, providing practice with prerequisite skills, and using 

examples that are relevant to their students. They also adjust the curriculum as they create 

a space for their students to practice the skills they are learning by providing extra 

examples and practice exercises to help their students master challenging topics. They 

also provide extra practice that helps prepare their students for future exams and 

coursework. 

Summary of Overarching Research Question 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? The findings indicated that the teachers create six spaces. As they interact 

independently with the curriculum, they make two spaces: analysis and reflection. As 

they interact with their students and the enacted curriculum, they create four spaces: 

application and experience, communication, connections, and practice. 

 As the teachers interact independently with the official curriculum to plan for 

instruction, they create a space for analysis that informs what they will teach and utilize 

from the official curriculum. Within this space, they integrate their professional content
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Figure 5. Nature and function of the socio-academic spaces teachers create as they work 

with students and the curriculum 

 

knowledge with their academic and social knowledge of their students as they analyze the 

official curriculum. They also create a space for reflection that informs how they will 

teach the curriculum. Within this space, they integrate their professional content 

knowledge with their academic and social knowledge of their students as they reflect on 

their experience. They reflect on their prior experiences as they recognize the different 

academic and social needs of their students, and the teachers use their repertoire of 

content knowledge and instructional experience to implement strategies in response to 

those needs. They reflect on their academic knowledge of their students’ histories with 

previous teachers and their social knowledge of their students’ ways of learning to plan 

instructional strategies that provide opportunities for their students to engage both 

socially and academically. They use their social knowledge of their students’ ways of 

learning to plan activities and projects. 
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 As they interact with their students, the teachers adjust the curriculum to provide a 

space for their students to experience mathematics and apply it to their world by 

integrating projects, activities, and the use of manipulatives into their instruction. They 

provide a space for their students to communicate with them formally, informally, and 

non-verbally. The primary purpose of communication for these teachers is for them to 

learn about their students academically and socially. They adjust the curriculum to 

provide a space for their students to see or build connections between what they know 

and what they are learning by referencing previous coursework, providing practice with 

prerequisite skills, and using examples that are relevant to their students. They adjust the 

curriculum as they create a space for their students to practice the skills they are learning 

by providing extra examples and practice to help their students master challenging topics. 

They also provide extra practice that helps prepare their students for future exams and 

coursework. 
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CHAPTER 5: DISCUSSION

 This study investigated how six National Board Certified secondary mathematics 

teachers integrate their knowledge of students into their practice to create socio-academic 

spaces that, they believe, will lead to student learning. The research presented in the 

literature review suggests that successful teachers know their students’ academic and 

social histories and use that knowledge in their practice. This section presents a 

discussion of the results of the study within the context of the literature reviewed in 

Chapter 2. First, I will provide a summary of the study. Then, I will offer conclusions and 

discussions for each of the four research sub-questions as well as the overarching 

research questions. Finally, I will offer implications for classroom practice, teacher 

education, and professional development as well as recommendations for future research. 

Study Summary 

 This qualitative study was conducted during the last quarter of the 2012-2013 

school year and focused on the teacher-reported interactions within two domains: (a) 

between the teacher and the official curriculum, and (b) among the teachers, the students, 

and the curriculum. The six National Board Certified secondary mathematics teachers 

were contacted by telephone and agreed to participate in the study. They provided written 

consent and participated in four audiotaped telephone interviews outside school hours. 

Research Questions 

 This study addressed the following overarching research question: 

What are the nature and function of the socio-academic spaces that successful secondary 
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math teachers create as they integrate their knowledge of students into their practice? 

 The question included four sub-parts: 

1. What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? 

2. What social knowledge do teachers have about their students, and how did 

they gather this knowledge? 

3. In what ways does the teacher’s knowledge of students influence curriculum 

and instruction?  

4. What are teachers’ perceptions of how they learned to integrate knowledge 

about their students into their practice? 

 Neither the data nor the presentation of the evidence was separated by interview 

type (initial, post-lesson, final) nor by lesson. Because the interviews were semi-

structured and permitted the teachers to talk rather than to give a detailed account of the 

lesson, I found that the teachers tended to begin discussing generalities and straying from 

the lesson being discussed. A more close-ended interview protocol could have kept the 

participants on track. However, allowing the participants to talk freely allowed the 

teachers to introduce and discuss information they had about their students that they 

deemed important to their practice.  

 I previously worked in this school district and three of the teachers in this study, 

Janet, Elsa, and Patty, were my former colleagues. I worked with Janet most recently in 

the virtual environment, but had not worked with Elsa or Patty for over 10 years at the 

time of the interviews. It is possible that this personal connection may have influenced 

their responses in some way, possibly even enhancing the study due to their longer, more 

conversational, interviews which provided more usable data. 
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Discussion of Results 

Research Sub-question 1. Academic Knowledge. 

 What academic knowledge do teachers have about their students, and how did 

they gather this knowledge? The findings indicated that these teachers know about their 

students’ strengths and challenges in learning mathematics, their students’ histories with 

previous teachers, and their students’ places on the learning continuum. They gather this 

knowledge through non-instructional talk, instructional talk, observing and listening to 

their students, monitoring student work, talking with colleagues, and reflecting on their 

prior experiences.  

 These results support the work of researchers (Banks et al., 2004; Eggen & 

Kauchak, 2001; Gay, 2000; Ladson-Billings, 1994a, 1994b; NCTM, 2000; Reynolds, 

1992; Waxman & Téllez, 2002), who suggest that effective teachers know what prior 

knowledge and skills students bring to the classroom. Although the culture-specific 

information about students’ backgrounds and explicitly culturally responsive pedagogical 

practices were not discussed, the teachers in this study acknowledged the importance of 

understanding students’ previous experiences in mathematics education and current 

experiences outside the classroom. The type of student-related knowledge that teachers in 

this study valued included: the general strengths or challenges of their students’ 

background in math; possible communication barriers, both oral and written; levels of 

confidence in approaching mathematics; their history with the topic being taught; and the 

cognitive skills and psychological tools their students are adept at using. 

 Reynolds’s (1992) review of literature contrasting novice and expert teachers 

revealed that expert teachers “take into consideration students’ prior knowledge of the 

subject matter and their prior academic performance” (p. 10). Similarly, Waxman and 
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Téllez’s (2002) review of 34 studies on effective teaching practices for English language 

learners revealed that effective teachers build on students’ prior knowledge. Banks et al. 

(2004), Gay, (2000), and Ladson-Billings (1994a, 1994b) submit that effective teachers 

understand their students’ cultural strengths. The expert teachers in this study, all of 

whom worked at schools with diverse student populations, aptly demonstrated that they 

possess knowledge of their students’ academic backgrounds, including their students’ 

prior coursework and academic performance. Nevertheless, with one exception, they did 

not discuss their students’ characteristics (culture, ethnicity, gender, or race) at all. In 

fact, only one teacher, who shared a similar culture and economic background with her 

students, mentioned her students’ cultures and ethnicities. The teachers were able to 

articulate the mathematical strengths their students possess, but they did not connect 

these strengths to their students’ cultures. Instead, they attributed their students’ strengths 

and challenges to the students’ background preparation from previous teachers and 

coursework. 

 The results also are consistent with Vygotsky’s (1997) position that teachers must 

understand the students’ academic experiences with mathematical topics as well as their 

current level of knowledge. The teachers know the general instructional strategies used 

by former teachers, some cognitive skills and psychological tools that were taught or 

emphasized by former teachers, and their students’ general level of preparedness for the 

current course. In keeping with the observations of Horowitz et al. (2004), the teachers 

recognize that these experiences impact the perspectives the students have – about what 

they know as well as about how they learn 

 The most consistent academic knowledge these teachers exhibited was their 

students’ places on the learning continuum. The teachers all knew what courses students 
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had completed, and generally, how well they had fared in those courses. This information 

helped the teachers understand their students’ experiences with mathematical topics as 

well as their general level of understanding of those topics. 

 Some of the teachers also recognized that their students’ experiences with 

mathematics somewhat depend on the students’ prior teachers or schools. In the initial 

interview, I specifically asked what they knew about their students’ experiences with 

other teachers. Three teachers responded with specific information about their students’ 

previous math teachers and the types of psychological tools or instructional strategies 

they had used. Neither Patty nor Terri, who both work at the same school, discussed 

learning about previous math teachers. This could be due to the school’s strong student 

placement process and that they may already have the information they need when 

students arrive in their classes. Terri eluded to the fact that she knew her students were 

prepared for her course because of the school’s requirement that students have strong 

Algebra 2 grades before moving to Precalculus. Also, Patty explained that she knew that 

her students were placed in her course due to their weaker math backgrounds. 

 Five of the teachers spoke in very general terms about how prepared their classes 

were for the current course, often referring to knowing what teacher or school the 

students were assigned to during the previous school year. They did not speak of 

individual students, however, most likely because I did not ask. These five teachers all 

taught at schools with one or two feeder schools. 

 In contrast, one teacher, Janet, spoke more about her individual students’ 

experiences with former teachers, but she did not attribute their course preparedness to 

previous teachers. Instead, she talked more about understanding how her students’ 

relationships with their previous teachers may have some effect on their ways of learning 
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and approaching mathematics in the current course. It is no surprise that she would not 

ask about her students’ former teachers, since that information would not be relevant in 

her teaching environment. In her virtual classroom, she works with students from across 

the district rather than from one of a few feeder schools. Additionally, the teachers in her 

school work in an isolated virtual environment with a set curriculum. 

 Another difference that is likely attributable to the virtual teaching environment 

was that Janet did not use intentional classroom discussions to gather academic 

knowledge about her students. Most likely, this is due to the limited opportunities for her 

to lead classroom discussions with a group of students. She is responsible for facilitating 

student collaboration around one lesson each week. During this session, she briefly 

explains what the students are expected to do and then places them in virtual groups to 

complete the task. Students are able to ask questions or respond to her throughout the 

session, but whole group discussions are not the norm. 

 This background information the teachers have regarding their students’ academic 

histories helped them form an opinion about the students’ strengths and challenges that 

they are bringing with them to the current course. Once the teachers start working with 

the students, they learn even more information about their students’ strengths and 

challenges, of course. 

 Identifying the psychological tools and cognitive skills used or taught within the 

official curriculum was easily accomplished by reviewing the instructional texts, 

examples, and practice problems. However, the ways in which the teachers built on their 

students’ current abilities with the tools and skills were not readily identifiable from the 

interviews. One possible reason for this is that the interviews were semi-structured and 

allowed the teachers to talk rather than to give a detailed account of the lesson. Also, I 
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did not introduce psychological tools or cognitive skills directly with them in the 

interviews. Observational data may provide a better picture of the relationship between 

what teachers know about their students’ adeptness with psychological tools and 

cognitive skills and what tools and skills they teach or emphasize in order to help their 

students acquire new skills. 

 These results underscore the work of researchers (Daniels & Bizar, 2005; 

Evertson et al., 1980; Ladson-Billings, 1994a) who suggest that effective teachers know 

their students because they observe them and listen to their ideas and explanations. They 

learn about their students’ strengths and challenges through engaging in instructional talk 

and by observing and listening to their students. In this study, teachers engaged in 

instructional talk in a variety of ways, including emails and texts, classroom discussions, 

one-on-one assistance, and whole-group instruction. As the teachers engage in this 

dialogue with their students, they ask questions and listen to the questions the students 

ask; from this, they learn more about what their students know and can do. In addition, 

they observe their students working independently or in groups, and in listening to them 

speak to one another, the teachers can “quickly tell what the student can do.” They also 

pay attention to non-verbal cues such as “blank faces” or ask for a “status check” to learn 

more about their students’ current level of understanding. They also prompt the students 

to “explain their reasoning process,” asking questions like, “How do you know that?” 

 The results also revealed that the teachers reflect on their prior experiences as a 

foundation for the academic knowledge they have about their students. Consistent with 

Posner (2004) and Ben-Peretz (1990), the teachers bring their knowledge and beliefs 

from their prior experiences in working with students, and they know the general 

strengths and challenges their students bring to the classroom. Furthermore, they spend 



 

   184 

time talking with their students to learn about their former teachers. With this knowledge, 

they reflect on their experience to gain a general understanding of the mathematical 

knowledge and experience their students have. The results also revealed that the teachers 

know the typical course progression (past and future coursework), some circumstances 

leading to placement in current course, and their students’ purpose for taking the course.  

 The findings also indicate that the teachers devoted a portion of instructional time 

to non-instructional conversations with their students – with the sole purpose of learning 

about the students’ academic backgrounds. These conversations are not part of the 

official curriculum. Instead, the conversations grow out of professional decisions made 

by the teachers to get to know their students and to form relationships with them on a 

personal level. This is an area not considered in Posner’s (2004) work with curricula, 

which focuses on the academic content that is expected to be taught (the official 

curriculum), the content that is taught and emphasized by the teacher (the operational 

curriculum), the norms and values (the hidden curriculum), the subjects not taught (the 

null curriculum), and the experiences outside the subject areas (the extra curriculum). 

None of these curricula are addressed while the teacher is using instructional time to 

gather academic knowledge about her students. However, these conversations are 

experiences that the students are having, so they should be considered part of the 

curriculum to which the students are being exposed. 

 In summary, effective teachers consider academic knowledge about their students 

to be multi-faceted. First, they know, in general, what their students know and can do 

based on their prior experience. Then, through interacting with their students and 

engaging them in non-instructional talk, they learn more specific, yet still general, 

information about their students’ mathematical journeys, both past and future. Finally, as 
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they interact with their students around the enacted curriculum, during instruction, they 

learn even more specific information about their students’ strengths and challenges. 

Research Sub-question 2. Social Knowledge 

 What social knowledge do teachers have about their students, and how did they 

gather this knowledge? The findings indicated that these teachers know about their 

students’ interests and extracurricular activities, family dynamics and home environment, 

and ways of learning. They gather this social knowledge through non-instructional talk, 

observing and listening to their students, and reflecting on their own prior experiences. 

 The results support the research (Bransford et al., 2004; Ladson-Billings, 1994b) 

recommending that teachers should understand their students’ social backgrounds and 

experiences, as well as the context of where they live and learn outside school. The 

teachers are aware of different family dynamics and the potential impact the home 

environment has on student performance in the classroom. In addition, they know that 

their students have a variety of family structures and home environments, and they 

recognize the different levels of support available to students at home. 

 It is worth noting that only one teacher, Gina, discussed her students’ cultural 

backgrounds. One possible reason for the generalities is that the interview questions did 

not specifically ask about what the teachers knew about their students’ cultures, 

languages, or ethnicities. Instead, they focused on the mathematical backgrounds, 

academic histories, ways of learning, and social contexts. The interview questions 

regarding the teachers’ social knowledge of their students and their ways of learning were 

vague and left much to the interpretation of the participants. In answering these 

questions, the majority of the teachers did not discuss the cultural diversity of their 

students, instead talking about their classes in generalities. All of the teachers, however, 
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did reveal their knowledge of their students’ socioeconomic status when they told stories 

of individual students. 

 Another remarkable observation is that there was a difference in how the teachers 

responded to the interview prompt, “Tell me about a time when knowing something 

about your students made a difference.” Five of the teachers each described one student 

with whom they had worked to foster a relationship that positively impacted the student’s 

life or education. Elsa worked to get a student moved into her Honors Geometry class 

after he had failed Algebra 1 because he and his family had moved and he had attended 

three different schools. Janet, Patty, and Terri all talked about long-term support they 

provided to students without parents. Gina related how knowing a student’s family 

helped her to better relate to the student and improve his classroom behavior. Christy 

works with academically talented students and she was the only teacher who responded 

with information about how knowing a student’s interests made a difference. She used a 

basketball example in class and saw the boy’s interest in the lesson intensify.  

 It is interesting that Christy responded to this question with information about a 

student’s interests, whereas the other teachers shared information about her student’s 

family or home situation. Christy’s students are academically talented, taking Honors 

Geometry in the eighth
 
grade. Earlier in the same interview, she talked about knowing 

that her students “have good family lives that help them stay organized and prioritized.” 

The other five teachers work with students who are not necessarily academically talented. 

For example, both Gina and Elsa reported having students administratively placed in their 

advanced or honors classes for the benefit of the school or due to program requirements. 

Because of this, they had students in their classes who were not academically prepared 

for the coursework. Similarly, both Patty and Janet work with students who had a weak 
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mathematics background. 

 There was also a slight discrepancy in the ways that some of the teachers viewed 

school resources. For example, Patty, who had just received a new groups of students, 

proactively approached the guidance counselor, the ESE coordinator, and the assistant 

principal of curriculum to “get the scoop” on her students. In contrast, Gina explained 

how she used the guidance counselors as a resource for understanding problematic 

student behavior. Elsa saw school administrative decisions, such as diagnostic testing 

schedules and not offering a regular-level geometry course, as a source of obstacles, but 

she saw the guidance counselor as a resource for helping students. I wonder if these 

differing views of guidance counselors, on one hand as a resource for understanding 

student behavior and on the other, as a resource for helping students, is in any way tied to 

the teachers’ years of experience. 

 The teachers also know about the different extracurricular activities in which their 

students are involved. They are aware of some of the social groups and athletic activities 

in which some students are involved, jobs their students may have, and some of their 

interests outside school such as dance and sports. 

 One other noteworthy discrepancy was that Christy did not mention talking with 

students to advise or counsel them in the way the other five teachers did. Perhaps this is 

because her students are academically talented with, as she said, “good families” with 

“lots of support.”  

 These results strengthen the work of researchers (Daniels & Bizar, 2005; Evertson 

et al., 1980; Ladson-Billings, 1994a) who suggest that effective teachers know their 

students because they observe them and listen to their ideas and explanations. They invest 

time talking with their students and getting to know them on a personal level, especially 
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when they recognize that a student is not performing as expected. They also know their 

students’ learning styles and the types of support their students need. 

 The findings also indicate that the teachers devoted a portion of instructional time 

to non-instructional conversations with their students – with the sole purpose of learning 

about the students’ social backgrounds. These conversations are not part of the official 

curriculum. Instead, the conversations grow out of professional decisions made by the 

teachers to get to know their students and form relationships with them on a personal 

level. This is an area not considered in Posner’s (2004) work with curricula, which 

focuses on the academic content that is expected to be taught (the official curriculum), 

the content that is taught and emphasized by the teacher (the operational curriculum), the 

norms and values (the hidden curriculum), the subjects not taught (the null curriculum), 

and the experiences outside the subject areas (the extra curriculum). None of these 

curricula are addressed while the teacher is using instructional time to gather social 

knowledge about her students. However, these conversations are experiences the students 

are having, so they should be considered part of the curriculum to which the students are 

being exposed. 

 In summary, effective teachers consider social knowledge about their students to 

be an important and multi-dimensional component. First, because of their experience, 

they know the typical social contexts (interests, family and home dynamics, and ways of 

learning) of their students. Then, through interacting with their students and engaging 

them in non-instructional talk, they learn more specific, yet still general, information 

about their students’ interests. Finally, as they interact with their students on a personal or 

private level, they learn more specific information about their students’ family dynamics 

or home environment. 
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Research Sub-question 3. Influences on Curriculum and Instruction 

 In what ways does the teacher’s knowledge of students influence curriculum and 

instruction? Regarding curriculum, the findings indicated that teachers use their 

knowledge of students to adjust the curriculum, provide opportunities for their students to 

apply and experience mathematics, help illustrate the connections within and between 

topics and courses, and help prepare students for exams and future coursework.  

 They use their knowledge of their students’ strengths and challenges to highlight 

connections within and between topics and courses, to choose materials that will help 

prepare their students for exams, future courses, and life, and to adjust the curriculum to 

make the examples more relevant and accessible for their students. They use their 

knowledge of their students’ interests to highlight connections between topics and the 

real world, and to adjust the curriculum to make it more relevant for their students. They 

use their knowledge of their students’ places on the learning continuum to choose 

materials that will help prepare their students for upcoming topics or exams and future 

courses, and to adjust the examples in the official curriculum to make the content 

accessible to the students. They use their knowledge of their students’ ways of learning to 

choose curricula and materials that will give their students the opportunity to apply and 

experience mathematics. 

 Regarding instruction, the findings indicated that teachers use their knowledge of 

students to recognize and respond to the needs of their students, and to use a variety of 

strategies that engage their students socially and mathematically.  

 They use their knowledge of their students’ places on the learning continuum, 

their students’ family and home environment, and their students’ interests to engage the 

students socially and then to get them engaged with the curriculum. They use their 
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knowledge of their students’ strengths and challenges, their students’ histories with 

previous teachers, their students’ ways of learning, and their own prior experience to 

engage the students socially and with the curriculum, and to provide opportunities to 

watch and listen to their students for the purpose of recognizing and responding to their 

academic or social needs. 

 The results strengthen the position that teachers should know what prior 

knowledge and skills students bring to the classroom and use that knowledge to adapt the 

instruction to meet the needs of the students (Banks et al., 2004; Eggen & Kauchak, 

2001; Gay, 2000; Ladson-Billings, 1994a, 1994b; NCTM, 2000; Reynolds, 1992; 

Waxman & Téllez, 2002). In addition, the results are in line with Ladson-Billings’ 

(1994b) position that teachers should understand the context of where the students live 

and learn outside school and use this information to shape their practice. The teachers 

adjust the curriculum due to their academic knowledge of their students’ strengths and 

challenges and their social knowledge of their students’ interests. The teachers also adjust 

the amount of the official curriculum included as they make decisions about such things 

as how much practice work to assign and which topics warrant more instructional time. 

They adjust the difficulty level of the official curriculum by making decisions about 

pacing, examples, and complexity of the topic. They adjust the context of the official 

curriculum to be relevant to their students. As they adjusted the context for relevance, 

they drew on their students’ non-mathematical interests such as sports and jobs. Only one 

teacher, Gina, reported drawing on her knowledge of her students’ cultures to adjust the 

context of the examples, using “sports that are Hispanic” rather than basketball or 

football.  

 Gay (1988) recommends that teachers must consider their students’ backgrounds 
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and experiences when choosing content. The teachers in this study accounted for their 

students’ strengths and challenges with mathematics, including the students’ prerequisite 

coursework, as they made decisions about the official curriculum. One teacher, Patty, 

also used her students’ experiences and non-mathematical interests to draw them into the 

learning process and build on what they already knew. Perhaps one reason that Patty was 

able to accomplish this was the fact that her course, Advanced Algebra with Financial 

Applications, is heavily grounded in real-world content, with mathematical applications 

brought in to explain or help analyze the situation. In contrast, all of the other teachers 

taught courses that were more traditional, utilizing textbooks that teach the mathematics 

content first and then inserting real-world applications to demonstrate the utility of the 

content. 

 Many researchers (Bransford et al., 2004; Eggen & Kauchak, 2001; Gay, 1988, 

2000; Ladson-Billings, 1994a, 1994b; Reynolds, 1992; Waxman & Téllez, 2002) assert 

that as teachers plan for instruction, they make decisions about how to best represent the 

content to the students and choose appropriate instructional strategies to meet the needs 

of the students. The teachers in this study did this as they supplemented the curriculum to 

provide opportunities for their students to apply and experience mathematics based on 

their social knowledge of their students’ ways of learning. They also incorporated the use 

of manipulatives to help students make sense of and experience mathematics and 

assigned a variety of projects that were not included in the official curriculum to provide 

opportunities for students to apply mathematics in real-world contexts. These teachers did 

as Posner (2004) suggested and made professional decisions by selecting and adapting 

the curriculum for use with their students. Moreover, in representing the content to their 

students, they worked to make the content more accessible and relevant to their students.  
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 The teachers make instructional decisions that allow them to recognize what 

support their students need. The teachers then respond to those needs because of their 

academic knowledge of their students’ strengths and challenges and their students’ 

histories with previous teachers, as well as the teachers’ social knowledge of their 

students’ ways of learning. They reflect on their prior experiences as they recognize the 

different academic and social needs of their students and use their vast repertoire of 

knowledge to implement strategies in response to those needs. For these teachers, 

instruction is not limited to content; instruction also includes lessons on social and life 

skills. 

 The results also support NCTM’s (2000) recommendation that teachers should 

build an instructional bridge between what students know and what they are learning, as 

well as support student learning through accommodations, technology, extra assistance, 

or even enrichment activities (NCTM, 2000). The teachers highlight connections within 

and between courses and topics for their students because of their academic knowledge of 

their students’ strengths and challenges and their students’ places on the learning 

continuum, as well as their social knowledge of their students’ interests. They provide 

opportunities for students to activate and build on their background knowledge before 

working with the current official curriculum. 

 The teachers make instructional decisions that provide opportunities – to engage 

their students socially and academically and for their students to engage with each other 

and with the curriculum – because of their academic knowledge of their students’ 

strengths and challenges. The teachers also consider their students’ histories with 

previous teachers and their students’ places on the learning continuum, as well as the 

teachers’ social knowledge of their students’ interests, family and home environment, and 
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ways of learning. 

 Other research (Daniels & Bizar, 2005; NCTM, 2000) suggests that effective 

teachers plan activities that challenge students and provide them with opportunities to 

take responsibility for their own learning. The results did not reveal strong evidence of 

this practice. It is possible that the teachers in this study plan activities that challenge 

students and provide opportunities to take responsibility that might have been revealed 

through classroom observations similar to those in the 2007 pilot study. 

 This study revealed a new facet of how a teacher’s knowledge of students can 

impact curriculum. The results suggest that teachers look ahead and consider the future 

mathematical knowledge their students will need for exams and coursework. They enact 

a curriculum that they believe will prepare their students, not just for the current lesson, 

but for exams and future coursework. They also supplement the curriculum to provide 

opportunities for their students to prepare for exams and future courses based on the 

teachers’ academic knowledge of their students’ strengths and challenges and their 

students’ places on the learning continuum. They know what exams, such as end-of-

course and college entrance exams, their students will likely take and they enact curricula 

to prepare them for the exams. They know what courses their students will be taking the 

next school year or later, so they emphasize topics within the current official curriculum 

that will be important for students to carry forward.  

 This new facet of teacher knowledge is closely linked to horizon content 

knowledge (Ball et al., 2008). Within this domain, teachers understand the landscape of 

mathematics and the relationships between topics of mathematics. This study revealed 

that expert teachers do possess horizon content knowledge, but more importantly, that 

they are able to see exactly where their students are on the landscape. Mathematically 
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speaking, they know where their students have come from and where they are going. 

They understand the journey their students have taken to arrive in their course and 

understand the paths and potential challenges that lie ahead. 

 It is evident that these teachers embrace NCTM’s (2000) six principles of a high-

quality mathematics education. They demonstrate the equity principle by supporting and 

providing accommodations for their students to reach the standards. They demonstrate 

the curriculum principle by focusing on important mathematics. In addition, they 

demonstrate the teaching principle by knowing their subject, their students, and the 

strategies that support learning. They demonstrate the learning principle by providing 

their students with opportunities to build knowledge and experience from prior 

knowledge. They demonstrate the assessment principle in that they utilize formative 

assessments, such as exit cards and status checks, that provide information they can use 

to support learning. They demonstrate the technology principle by utilizing technology as 

a tool for enhancing the curriculum and to support learning.  

 NCTM could build on this study by exploring, in depth, the ways in which 

NBCTs work to deliver the high-quality mathematics education outlined in the six 

principles. Research of this nature would help concretize the practices and make them 

visible. 

 Although the teachers in this study teach math, they seemed to care about the 

bigger picture, the long-term, for their students. They spend some time talking with their 

students about their current situations and their futures, both academically and socially. 

It’s not all about math; it’s also about the student as a person.  

 From the foregoing discussion, we can conclude that effective teachers take care 

to know their students, as students and as people, and they work to make the curriculum 



 

   195 

relevant and accessible to them. 

 This study also revealed a new dimension that can be added to teachers’ 

mathematical knowledge for teaching (MKT) (Ball et al., 2008). They suggest that 

teachers have knowledge of content and students (how students learn), knowledge of 

content and teaching (how to teach concepts), and knowledge of content and curriculum 

(what materials are available to teach concepts). This study was situated within the 

intersection of these three domains of teacher knowledge, and the findings add another 

layer to teacher knowledge – that of the teacher’s knowledge about students as 

individuals. The teachers in this study exhibited a well-developed repertoire of 

knowledge of content and teaching and knowledge of content and curriculum. They not 

only know how their students learn, how to teach certain concepts, and what materials to 

use, they articulated how they used specific academic and social knowledge of their 

students to make decisions about what materials and strategies to use to meet the needs of 

their students. This study provides one approach to the study of the knowledge expert 

teachers have about their students and how this knowledge influences their practice. 

  It is true that many teachers, not just National Board Certified teachers, may draw 

on their knowledge of students to effectively engage their students and create 

opportunities to recognize and respond to student needs. In fact, numerous teachers who 

would qualify for National Board certification do not seek certification of their master-

teacher status. This begs the question: Do National Board Certified Teachers shape the 

curriculum and instruction to meet the needs of their students differently than non-board 

certified master teachers? If so, in what ways? This study did not examine this potential 

difference between NBCT’s and non-NBCT’s, but it would be an interesting pursuit. 

 Given the diverse student populations of these teachers’ schools, it is noteworthy 
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that five of the teachers did not link their students’ cultural backgrounds and how such 

knowledge might influence curricular and instructional decisions. 

 In reviewing the official curriculum, I found no references to or considerations of 

the students’ cultural backgrounds such as race, ethnicity, or language diversity. This 

could be one of the reasons why five of the teachers did not specifically refer to having or 

using this knowledge. Carter, Sabers, Cushing, Pinnegar, and Berliner (1987) found that 

expert teachers were more likely to recall student information if they view it as 

instructionally relevant. In contrast, novice teachers typically recall more information 

about the students in a class, but they are not able to determine which information is 

important. The fact that the expert teachers in this study did not specifically talk about 

their students’ cultural backgrounds such as race or ethnicity, may indicate that they do 

not view this information as instructionally relevant. Moreover, the fact that they did talk 

about their students’ family situations shows that they view this information as important 

and relevant. 

 Notably, Gina was the only teacher who explicitly discussed the use of the 

students’ cultural backgrounds in her instruction. There are two possible explanations for 

this. The first reason could be that Gina shared a common cultural background and socio-

economic status with the majority of her students. The second reason could be that Gina, 

with 10 years of teaching experience, has less experience than the other teachers in the 

study who have 14 or more years of experience. Carter et al. (1987) found that novice 

teachers typically recalled more information about their students, but that expert teachers 

were better able to identify which information is important. Perhaps Gina’s years of 

experience lie at a critical point on the teaching competency continuum from novice to 

expert where teachers begin to differentiate the information they have about their students 
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as instructionally relevant or extraneous. The fact that Gina recalled her students’ 

ethnicity so easily and was able to discuss how she used it in her practice suggests that an 

important phenomenon is taking place. Either she views her students’ cultural 

backgrounds as instructionally relevant, or she has not reached that critical point of 

differentiation. Either way, it would be worthwhile to investigate how and when expert 

teachers begin to differentiate their knowledge of students. 

Research Sub-question 4. Teacher Perceptions of How They Learned to Integrate 

Their Knowledge of Students into Their Practice 

 What are teachers’ perceptions of how they learned to integrate knowledge of 

students into their practice? The findings indicated that these teachers have learned to 

integrate their knowledge of students into their practice from reflecting on their prior 

experiences and through content-based professional development. 

 The results support research by Kelly and McDiarmid (2002) suggesting that an 

important component of high-quality professional development for teachers is the 

opportunity to reflect on and analyze their practice. These teachers have learned to 

integrate their knowledge of students into their practice from reflecting on their 

experiences. Through the years, they have tried different techniques, reflected on the 

effectiveness of the strategies, changed or eliminated what didn’t work for them, and 

continued to build on what did work. Each teacher recounted an experience where she 

saw students become more engaged in the learning simply because she had integrated her 

social knowledge about her students into her instruction or interactions with the students. 

 Four of the six teachers in this study have graduate degrees related to their content 

area, and two of the six reported participating in district-provided content-based 

professional development. To earn National Board Certification, teachers must 
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reflectively analyze their practice and demonstrate strong content knowledge (NBPTS, 

2014). The directional relationship between reflective analysis and achieving certification 

is unclear. I wonder whether these teachers practiced reflective analysis before achieving 

certification, or if they learned this practice as part of the certification process. It is clear, 

however, that these teachers continue to reflectively analyze their practice even without 

undergoing the process of working toward National Board Certification. I also wonder 

whether the strong content knowledge these teachers demonstrated to achieve 

certification is at all related to their degrees, previous professional development, or 

experience in the classroom. 

 It is worth noting that none of the teachers mentioned anything regarding earning 

their National Board Certification during any of the interviews, even though they knew 

that they were contacted solely because they held the certificate in mathematics. The 

certification process requires teachers to reflectively analyze their practice and to justify 

their instructional choices because of their professional expertise and their knowledge of 

their students. Research (Tracz et al., 2005) supports the fact that teachers do learn as 

they complete the certification process, and that teachers report that it is an outstanding 

professional development experience (Hunzicker, 2011), yet these teachers did not 

discuss this at all. 

 From the foregoing discussion, we can conclude that the opportunity for teachers 

to reflect on and analyze their practice is an important component of the practice of 

effective teachers. 

 As noted earlier, these teachers, who are recognized as experts in their field by 

virtue of their National Board Certification, did not emphasize making curricular or 

instructional decisions based on their knowledge of their students’ cultures, even though 
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they work with diverse student populations. Given today’s emphasis on multicultural 

education, this piece seems to be missing from the portfolio requirements. The portfolio 

requirements for Entries 1, 2, and 3 ask the teacher to describe the “instructional context” 

including relevant information such as, “ethnic, cultural, and linguistic diversity” 

(NBPTS, 2013b, p. 20). This language allows for a broad interpretation of what 

knowledge regarding the ethnicity or cultural backgrounds of the students is important 

and relevant. In Entries 2 and 3, there is one follow-up question asking the teacher to 

describe how information presented in the instructional context affects their practice. 

Again, it is left to the candidate to make sense of the relevance of the instructional 

context. The inclusion of an intentional discussion of culturally relevant pedagogical 

practices within the candidate portfolio would serve to strengthen the NBPTS’s position 

that expert teachers recognize the individual differences in their students and account for 

these differences in their practice. More research should be conducted with National 

Board Certified Teachers to explore the extent to which they practice culturally relevant 

pedagogy, especially in mathematics.  In addition, the role of cultural awareness and 

sensitivity in the practice of expert teachers should be explored. 

Overarching Research Question. Socio-Academic Spaces 

 What are the nature and function of the socio-academic spaces that successful 

secondary math teachers create as they integrate their knowledge of students into their 

practice? The findings indicated that as the teachers interact independently with the 

official curriculum to plan for instruction, they create two spaces: analysis and reflection. 

The study also found that as the teachers interact with the students and the enacted 

curriculum, they create four spaces: application and experience, communication, 

connections, and practice. 
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 The results of the study extend the findings of the pilot study that used classroom 

observations to understand the spaces teachers created as they interact with their students 

and the enacted curriculum. The current study considered the spaces that teachers create 

as they work independently with the curriculum to plan for instruction, a domain not 

considered in the pilot study. The results suggest that, within this domain, as the teachers 

interact independently with the official curriculum to plan for instruction, they create a 

space for analysis and a space for reflection. 

 The space created for analysis informs what they will teach and utilize from the 

official curriculum. Within this space, the teachers integrate their professional content 

knowledge with their academic and social knowledge of their students as they analyze the 

official curriculum. This practice of analyzing the curriculum is not a complete surprise. 

The teachers in this study work at schools that have district-mandated learning team 

meetings. During these small-group, content-specific sessions, the teachers meet with a 

facilitator to discuss and analyze assessments. For teachers who work with students who 

will be taking the high-stakes FCAT or EOC exams, the team meetings typically focus on 

analysis of the district-mandated diagnostic test results. This analysis generally focuses 

on the data and the teachers consider what knowledge students are missing and how they 

can focus instruction to remediate deficiencies. For teachers who do not work with 

students FCAT or EOC exams, the team meetings generally focus on analysis of 

classroom-based assessments. What is surprising about the teachers in this study is how 

they draw on their social knowledge of their students as they analyze the official 

curriculum. This specific component of teacher knowledge seems to be an integral part of 

these teachers’ practice, yet it is not often acknowledged in the district-mandated focus 

on standards and assessment analysis. 
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 Furthermore, they draw on their academic knowledge of their students’ strengths 

and challenges as they analyze the official curriculum. They analyze the amount and 

complexity of the examples, the summative assessment items, the amount of practice 

items provided, the prerequisite skills needed, the difficulty and importance of the topics, 

and the context of the examples provided. The teachers draw on their social knowledge of 

their students’ interests as they analyze the amount of practice items provided, the context 

of the examples, and the relevance of the examples provided. 

 The space they create for reflection informs how they will teach the curriculum. 

Within this space, they integrate their professional content knowledge with their 

academic and social knowledge of their students as they reflect on their own experiences. 

This space for reflection is not a great surprise given the emphasis of reflective analysis 

in the National Board certification process. It seems, though, that the teachers in this 

study also reflect on their experiences with prior students as they make instructional 

decisions. For example, Terri, Patty, and Elsa all eluded to knowing about students in 

general, especially student behavior and how it is impacted by various settings or events. 

They also displayed an ability to identify general strategies to validate their students’ 

needs and help them move forward. I expect that non-NBCT’s are also proficient in this 

practice, but given the importance of reflection, this is likely a practice that is developed 

only through experience with students. 

 They also reflect on their experiences as they recognize the different academic 

and social needs of their students, and the teachers use their repertoire of content 

knowledge and instructional experience to implement strategies in response to those 

needs. They reflect on their academic knowledge of their students’ histories with 

previous teachers and their social knowledge of their students and ways of learning to 
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plan instructional strategies that provide opportunities for their students to engage both 

socially and academically. They use their social knowledge of their students’ ways of 

learning to plan activities and projects. This is especially interesting since the primary 

focus of activities and projects is usually the standards and the content. These teachers 

explained that they use these projects, not just to teach the content, but also to engage 

their students with the curriculum. 

 They reflect on their prior experiences as they recognize the different academic 

and social needs of their students and use their repertoire of content knowledge and 

instructional experience to implement strategies in response to those needs. They know, 

from years of experience, what skills need to be remediated or emphasized, as well as 

what strategies are more successful. They reflect on their experiences with former 

students, other teachers, and the curriculum to understand the general academic 

deficiencies that students bring with them to their classroom, and the teachers use that 

knowledge to plan remedial instruction – to fill in gaps or to activate background 

knowledge – prior to introducing the new topics. They reflect on the topics they have 

taught during the current school year and how well the students have mastered those 

topics. 

 The practice of reflecting on student background knowledge to plan remedial 

instruction is quite typical for math teachers, yet may not be so typical for other content 

areas. There are deep connections within and between various mathematics topics and 

math teachers must really be able to pinpoint what prerequisite knowledge students have 

before they can begin to tackle new content that builds upon that knowledge. The 

teachers in this study demonstrated that they know what knowledge their current students 

have as well as what deficiencies students typically have with particular topics. It is likely 
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that non-NBCTs also possess this knowledge of their students. However, this 

understanding of general deficiencies is something that is best learned through experience 

with students over time. 

 They reflect on their academic knowledge of their students’ histories with 

previous teachers and their social knowledge of their students and ways of learning to 

plan instructional strategies that provide opportunities for their students to engage 

socially as well as academically. By understanding the diverse experiences that students 

have had with former teachers, they can address weaknesses and build remediation into 

the lessons, employ similar teaching strategies, and enhance the curriculum with 

technology and projects. They use their social knowledge of their students’ ways of 

learning to plan activities and projects. 

 The results extended the pilot-study finding by identifying a space for applying 

and experiencing mathematics. In this study, the teachers provided a space for their 

students to experience mathematics and apply it to their world. They did this by 

integrating projects, activities, and the use of manipulatives into their instruction. This 

lies in stark contrast to the pilot study, where it was noted that the portions of the 

curriculum directly associated with the application of mathematics, such as word 

problems, were excluded from the enacted curriculum. 

 The results extend the pilot-study finding that teachers create a space for 

responding. More specifically, they make a space for their students to communicate with 

each other and with the teacher herself. As in the 2007 study, the teachers created a space 

for their students to respond verbally, in writing, and through body language; and within 

this space, these students interacted with the curriculum, with the teachers, and 

sometimes with each other. The social interactions that took place as the teachers and 
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students discussed the curriculum made this a socio-mathematical space. Additionally, 

the interactions that took place prior to the start of instruction, during which the students 

responded to general questions that were not mathematical in nature, also supported 

student learning. By creating that space where teachers and students could interact on a 

strictly social level, the teachers were able to show an interest in their students and 

establish rapport. Renaming the space from responding to communicating provides a 

truer representation of the extent of the two-way communication between the teacher and 

the students. 

 The results strengthen the pilot-study finding that teachers create a space for 

making connections. As in the 2007 study, each of these teachers showed that she 

understood her students’ history with the topic of mathematics and tried to build upon 

that history to help her students succeed. The ways that these teachers helped their 

students see the connections were unique to the students they taught. This space for 

making connections is a socio-mathematical space because, through social interactions, 

the teachers were able to help the students interact with the mathematical content in a 

way that was meaningful to them. In this study, the teachers adjusted the curriculum to 

provide a space for their students to see or build connections between what they knew 

and what they were learning. They did this by referencing previous coursework, 

providing practice with prerequisite skills, and using examples that were relevant to their 

students. 

 The results strengthen the pilot-study finding that teachers create a space for 

practicing. As in the 2007 study, the teachers all created spaces for their students to 

practice what they were learning. Within this space, the students interacted with the 

curriculum, with each other, and sometimes with the teacher. As they became more 
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comfortable with the new material, the social interaction becomes more private as the 

students begin to interact with only themselves and the curriculum. This learning 

structure is a socio-mathematical space in the sense that the learning takes place within a 

social context, and the students are interacting with mathematical content. In this study, 

the teachers adjusted the curriculum as they created a space for their students to practice 

the skills they were learning. Most notably, they provided extra examples and practice 

exercises to help their students master challenging topics. They also provided extra 

practice that they believed helps prepare their students for future exams and coursework. 

 In contrast to the 2007 pilot study, the results of this study did not find evidence 

of teachers creating a space for students to make choices. The pilot-study results 

suggested that the teachers made a space for making choices during whole-group 

instruction to determine the direction of the lesson, during practice time when students 

determined how they would work and receive help, within the curriculum as students 

completed practice problems, and through interactions in which the teachers provided 

students with opportunities to make their own decisions. The social nature of this space 

required students to interact with the teacher, with each other, with the curriculum, and 

with their own thoughts as they made choices. It is possible that classroom-observation 

data would have provided evidence of this space in the current study. 

 In contrast to the 2007 pilot study, the results of this study did not find evidence 

of teachers creating a space for students to take responsibility. The pilot-study results 

suggested that the teachers worked to create a space where their students could be 

responsible, and within this space, the students interacted with themselves, as they had to 

make the choices that led to responsible behavior. It is possible that classroom-

observation data would have provided evidence of this space in the current study. 
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 In the pilot study, the teachers created a space for their students to feel safe. The 

results of the current study suggest that this not a separate space that teachers create, but 

rather, a goal or outcome of the other spaces they create for their students. Similar to the 

2007 study, the results of the current study suggest that these teachers know and 

understand their students, thus enabling them to attend to their individual differences in 

learning mathematics. In the space they create for communication, teachers open the door 

for their students to share their experiences, socially and academically, and the teachers 

use this opportunity to build relationships with the students. This relationship is a safe 

place for students to engage with the teacher that the teacher can use as a foundation to 

engage the students with the curriculum. In the space they create for students to practice, 

they provide opportunities for their students to hone their mathematical skills. In the 

space they create to make connections, as with the space for practicing, they are building 

a bridge between what students know and what they are learning. This bridge is a safe 

place for students to strengthen their skills, knowledge, and confidence. 

 In summary, teachers engage in a circular process whereby they spend time 

talking with their students and engaging them socially. This leads to the students feeling 

safe so that they can talk and engage around social contexts, which, in turn, leads to 

building a relationship that allows the teachers to engage the students with the instruction. 

This, subsequently, allows teachers to engage the students with a curriculum that builds 

their confidence and allows them to feel safe. 

 The process by which the teachers in this study interact with their students, i.e., 

the socio-academic spaces they create for interaction, conveys powerful information 

about mathematics to the students. Within these spaces the students are learning the ways 

of thinking that are expected in mathematics. 
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 By creating a space for application and experience, these teachers are placing a 

value on the personal connection, utility, and relevance of mathematics for their students. 

They are showing the students that mathematics is not a subject to be studied for the sake 

of a grade. Rather, mathematics is to be used to make sense of one’s own world. 

 By creating a space for communication, they are teaching their students that 

mathematics is to be discussed, not just observed. The students are expected to participate 

in explaining their thinking and to ask for help when they need it. 

 By creating a space for connections the teachers are emphasizing the 

interrelatedness of topics and courses. Although students move from one course to the 

next from year to year, the teachers are showing the students that topics build on one 

another. They also show students the connections between their world and the 

mathematics they are learning in school, thereby highlighting the relevance of 

mathematics. 

 Finally, by creating a space for practice, these teachers are placing a value on 

perseverance. They are teaching the students that mathematics is a subject with which 

they can become confident, but that they must practice and gain experience with the 

content in order to do so. 

 In effect, these socio-academic spaces are instructional strategies through which 

the teachers are conveying the message that the subject is relevant, useful, and accessible, 

and that communication is an important component of the discipline. Despite the fact that 

these messages were not an expected outcome of this study and were not addressed in the 

research questions, this seems to be a promising line of research. 

Implications for Classroom Practice 

 The effective teachers in this study possess knowledge of their students’ academic 
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histories and social contexts, and they use this knowledge to inform their practice. 

Regarding academic histories, they have a general idea of what their students know and 

can do based on their own prior experiences. Through interacting with their students and 

engaging them in non-instructional talk, they learn more specific, but still general, 

information about their students’ mathematical journeys, both past and future. Finally, as 

they interact with their students around the enacted curriculum, during instruction, they 

learn even more specific information about their students’ strengths and challenges. As 

they interact individually with the official curriculum, they reflect on what they know 

about their students’ academic histories and adjust the curriculum to meet the needs of 

their students. 

 Regarding social contexts, these teachers know the typical social contexts of their 

students – not so much with respect to cultural diversity, but, rather, with their students’ 

learning styles, extracurricular activities and interests, and family life and home 

dynamics. Through interacting with their students and engaging them in non-instructional 

talk, they learn about their students’ interests. As they interact with students on a personal 

or private level, they learn more specific information about their students’ family 

dynamics and/or home environment. As they interact individually with the official 

curriculum, the teachers reflect on what they know about their students’ social contexts 

and adjust the curriculum and their instructional strategies to support their students. 

Furthermore, as they interact with the students and the enacted curriculum, they 

responsively adjust the curriculum and instructional strategies as they recognize the need. 

 First and foremost, teachers should invest time learning about their students as 

individuals. They should provide time for their students to communicate with them on 

both instructional and non-instructional levels so that they can learn about them. They 
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should also provide time for students to communicate with each other so that the teachers 

can observe and listen to them, thereby learning even more about their students. 

 Second, teachers should consider the social contexts of their students when 

planning for instruction, and making necessary adjustments to the curriculum so that it is 

relevant and accessible to their students. They should know their students’ interests so 

that they can integrate those interests into the curriculum, making the curriculum 

relevant. They should understand their students’ home environment and make the 

necessary adjustments to the curriculum or instruction to support their students. 

 Third, teachers should consider their students’ academic histories when planning 

for instruction. They should consider their students’ strengths and challenges and adjust 

the curriculum to build a bridge between what their students know and what they expect 

their charges to learn. They should help students see connections between what they 

know and what they are learning, and to see connections within and between topics or 

courses. 

 Fourth, they should provide opportunities for their students to experience math in 

ways other than paper-and-pencil and to apply mathematics to their own world. This can 

be done through integrating manipulatives, technology, projects, and activities into the 

curriculum and instructional practices. 

 Lastly, teachers should provide time for their students to practice what they are 

learning. This affords the students the time to build their skills and knowledge and to 

prepare for future mathematical tasks. 

 Teachers of mathematics are tasked with teaching the content and utility of 

mathematics. This study revealed, however, that these expert teachers have a deep sense 

of responsibility to make personal connections with their students and to prepare them for 
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future success, in mathematics as well as in life. Professional organizations such as 

NCTM and NBPTS hold that teachers should know their students and build on their 

students’ prior knowledge to support learning. This language, however, seems to limit the 

boundaries of what teachers are expected to know about their students as they plan for 

instruction. This study revealed that these expert teachers go beyond knowing what their 

students know and can do with a mathematical topic. They know their students as people, 

with interests and challenges outside the classroom, and they use this social knowledge of 

their students to make the curriculum more relevant and accessible to the students. 

 This study also revealed that these teachers have learned to integrate their 

knowledge of students through a combination of professional-development activities and 

reflecting on their years of experience. The current practice within this district is for 

National Board Certified teachers to mentor candidates through the certification process. 

Perhaps it would be beneficial to encourage master teachers to mentor first-year teachers, 

with an emphasis on reflectively analyzing their practice. Schools could encourage this 

practice by providing professional-development time for the teachers to meet formally for 

the purpose of helping the novice teacher plan for instruction and then reflectively 

analyzing the delivery of the lesson. Part of the conversation could include a discussion 

of students’ strengths and challenges as well as their interests. Additionally, the master 

teachers could share their strategies for incorporating technology, manipulatives, projects, 

and activities into the curriculum. 

Implications for Teacher Education 

 Preservice and novice teachers would benefit from ongoing partnerships with 

experienced teachers, including nationally board certified teachers, for the purpose of 

discussing and reflecting on their views of mathematics, helping them to understand the 
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processes used to make curricular and instructional decisions. Such partnerships would 

encourage less experienced teachers to be reflective and open to discussing mathematics. 

But, perhaps equally important, such partnerships would enhance the capacity for 

experienced, expert teachers to articulate their thinking, planning and teaching. The 

teachers in this study engaged in a reflective analysis of their practice. It is unclear where 

they learned this reflective analysis, but as part of achieving National Board Certification, 

the teachers engaged in a reflective analysis of their practice. Additionally, the teachers in 

this study clearly had learned through experience. The results of this study suggest that 

effective teachers reflect on their experience and analyze the curriculum in order to make 

adjustments and enhancements to the curriculum that will make the curriculum more 

accessible to their students. Although the teachers were assigned to teach a mathematics 

course, it was clear that they were teaching students about math, not just teaching math. 

For this reason, it might be worthwhile for teacher-education programs to partner with 

NBCTs in a variety of schools and require pre-service teachers to interact with students, 

learn about their academic histories and social contexts, and then practice integrating that 

knowledge into planning for instruction. In addition, the pre-service teachers could reflect 

on their instructional decisions by discussing how they used their knowledge of their 

students in planning and teaching lessons, and what they learned about their students 

because of the interactions. Ideally, these experiences would take place in a variety of 

schools with differing student populations so that the pre-service teachers could learn 

about a wide range of academic and social backgrounds. 

 Another interesting piece is that five of the teachers discussed taking the time to 

counsel or advise their students, indicating that they consider this an important part of 

their practice as a teacher. This notion of listening to students and providing advice is not 
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something that is typically taught in teacher education programs. Instead, these skills are 

left to be developed through teaching experience, and learned more formally in a 

graduate program in school guidance. Given the importance these teachers place on 

creating relationships and giving advice, it might be beneficial for teacher education 

programs to include an introductory course on guidance counselor for preservice 

teachers. 

Implications for Professional Development 

 The teachers in this study engaged in content-based professional development 

through workshops provided by the district or as part of their graduate degrees. They 

reported that this deepened their content knowledge and allowed them to use and become 

familiar with some of the materials and activities that were provided in the workshops to 

supplement the official curriculum, thereby allowing them to better support their 

students. It is unclear whether their ability to adapt the curriculum to respond to the needs 

of their students is a result of the amount or type of professional development to which 

they have availed themselves throughout their teaching careers. However, reflective 

analysis was an important part of their adaptations. Perhaps this ability to reflectively 

analyze their practice is due to their common backgrounds in pursuing their National 

Board Certification, especially since the process of creating their portfolios for 

submission to NBPTS requires them to reflectively analyze their practice and to justify 

their professional decisions based on their knowledge of their students. 

 Perhaps it would be advantageous for district-level professional development to 

combine content-based professional development with NBPTS-style analysis. During 

professional development, teachers should have time, and be encouraged, to think about 

what they know about their students and to use that knowledge to consider how the 
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materials or activities they are provided can be used with their students. Teachers should 

also have the opportunity to return to the discussion, either through writing or in person, 

to reflect on what happened and what they learned about their students in using the 

materials or activities. This knowledge that they gain about their students should not be 

limited to academic knowledge: They should also be encouraged to share the social 

knowledge they gained and reflect on how that information might contribute to future 

professional decisions regarding curriculum and instruction. 

 Milner (2013) concluded that it is essential for teachers to “connect with students 

and build relationships with them” (p. 348). Moreover, it is important to “develop the 

skill and knowledge to engage in this learning about the students” (Milner, p. 348). The 

NBCTs in this study represent positive exemplars in building relationships and learning 

about their students. It is likely, though, that there are teachers who do not hold National 

Board Certification who are nonetheless adept at learning about their students and 

building relationships. It might be worthwhile professional development for these experts 

– NBCTs and non-NBCTs – to share their stories with other teachers about the power of 

learning about their students. 

 Moje (2008) suggests that students bring their own ideas about what it means to 

learn mathematics to the classroom and that subject-area teachers should provide 

opportunities for students to experience the subject outside the classroom. The teachers in 

this study did this by assigning the real-world projects they had learned about during their 

professional-development training. It might prove useful for teachers to receive 

additional training and materials to extend the reach of traditional mathematics from the 

classroom into the real lives of the students so that they may begin to see the utility of 

mathematics in their world. 
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Implications for Textbook Design 

 This study also revealed that the expert teachers often adjusted the difficulty of 

the examples and the context of the examples that the official curriculum provided. 

Textbook publishers should take care to include examples that will illustrate the 

mathematics but without burdening the students with demanding computations. In 

addition, textbook publishers could provide a greater variety of real-world applications 

within which the examples are set. The teachers in this study routinely changed the 

context of the examples to make them relevant to their students, and they did this because 

of their knowledge of their students’ interests. It would be impractical for textbook 

publishers to incorporate the interests of all students into their content, but they could 

provide a greater variety of examples that are set in real-world contexts and closely 

related to the general interests of the age group at which the textbook is aimed. 

Recommendations for Future Research 

 This study began with a focus on understanding how teachers interact with their 

students to learn about them and then use that knowledge to shape their practice. The 

original theoretical framework of Vygotsky’s (1997) cultural-historical learning theory 

served as a starting point for understanding the knowledge the teachers have about their 

students’ journey through mathematics and how they use that knowledge to create 

opportunities for interaction with others and with the curriculum (socio-academic 

spaces). In light of the results of the data analysis, Vygotsky’s learning theory proved to 

be less significant and Posner’s (2004) curriculum framework provided a more focused 

lens through which to interpret these findings. As Posner suggests, these expert teachers 

do combine their knowledge of their students with their professional content knowledge 

to create the operational curriculum. Moreover, part of the operational curriculum they 
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enacted included opportunities to interact with students on a social level, getting to know 

them as individuals. 

 The teachers devoted a portion of instructional time to non-instructional 

conversations with their students – with the sole purpose of learning about the students’ 

academic and social backgrounds. They also spent time interacting with their students 

outside standard classroom hours, sometimes working together on content (tutoring), but 

at other times, just talking with the students about their individual situations. These 

conversations are not part of the official curriculum. Instead, the conversations grow out 

of professional decisions made by the teachers to get to know their students and form 

relationships with them on a personal level. This is an area not considered in Posner’s 

(2004) work with curriculum, which focuses on the academic content that is expected to 

be taught (the official curriculum), the content that is taught and emphasized by the 

teacher (the operational curriculum), the norms and values (the hidden curriculum), the 

subjects not taught (the null curriculum), and the experiences outside the subject areas 

(the extra curriculum). None of these curricula are addressed while the teacher is using 

instructional time to gather knowledge about her students. Nor are they addressed while 

the teacher uses time outside the classroom to interact with her students. However, these 

conversations are experiences the students are having, so they should be considered part 

of the curriculum to which the students are being exposed. I submit that these social 

interactions between the teacher and the students have an academic purpose: The teachers 

learn about their students and use this information to support their students’ learning. For 

this reason, I propose a new term: socio-academic curriculum. The socio-academic 

curriculum would be defined as “the non-content-related interactions and experiences, 

between teachers and students, that lead to teachers learning about their students’ 
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academic backgrounds and social contexts for the purpose of supporting their students’ 

learning.” 

 This socio-academic curriculum would be a subset of the operational curriculum 

as shown in Figure 6. In other words, as teachers work with the official curriculum, they 

enact the operational curriculum, part of which is the socio-academic curriculum of 

engaging students socially to gather knowledge to be used for an academic purpose.

 

Figure 6. Relationships between official, operational, and socio-academic curriculum 
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 This new facet of teacher knowledge is closely related to Ball et al.’s (2008) 

horizon content knowledge. Within this domain, teachers understand the landscape of 

mathematics and the relationships between topics of mathematics. This study revealed 

that expert teachers do possess horizon content knowledge, but more importantly, that 

they are able to see exactly where their students are on the landscape. Mathematically 

speaking, they know where their students have come from and where they are going. 

They understand the journey their students have taken to arrive in their course and 

understand the paths and potential challenges that lie ahead. It would be beneficial to 

follow this line of inquiry to further explore this new feature of teacher knowledge and its 

potential impact on student learning. 

 This study also revealed an additional layer to Ball et al.’s (2008) mathematical 

knowledge for teaching. These expert teachers not only know how their students learn, 

how to teach certain concepts, and what materials to use, they are able to articulate how 

they used specific academic and social knowledge of their students to make decisions 

about what materials and strategies to use to meet the needs of their students. This study 

has only begun to scratch the surface regarding the knowledge expert teachers have about 

their students and how this knowledge influences their practice. A line of research more 

closely focused on the relationships between teacher knowledge of students, curricular 

and instructional decisions, and student learning would be worthwhile. 

 The expert teachers in this study have a powerful story to tell about how they use 

their knowledge of students to make curricular and instructional decisions. To them, 

teaching is not unidirectional with the teacher delivering a standard official, and often 

scripted, curriculum. Instead, these teachers are able to see their students as individuals 

and then reshape the curriculum by providing extra experiences to make the content 
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relevant and accessible to their students. Further research focused on this aspect of 

teacher knowledge and practice will serve to legitimize the importance of the students’ 

stories and histories as individuals in the teaching and learning process and would be a 

worthwhile pursuit.
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Appendix C 
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Appendix D 

Initial Teacher Interview Sample Protocol 

 I am interested in learning what you know about your students’ background 

knowledge and experiences, and how you know this information. All of these questions 

should be answered by thinking about a particular class you have this year. 

 Students come to the classroom with a wide range of prior knowledge in the 

mathematics. For example, some arrive in Algebra I knowing how to compute cube roots 

while others are still having trouble with the order of operations. Think about the class we 

will be discussing.  

1. What can you tell me about these students’ background knowledge in math? 

2. How did you learn about this prior knowledge? 

Students also arrive in your class with a variety of educational experiences in 

mathematics. For example, perhaps some students had a former teacher who emphasized 

problem-solving. Others may have been in a class with a substitute teacher for a large 

part of the year.  

3. What can you tell me about some of their educational experiences with math? 

 4. How did you learn about these experiences? 

5. What are some ways that you try to incorporate your students’ background 

knowledge or experiences into a unit or lesson? 

6. What are some ways that you try to incorporate your students’ background 

knowledge or experiences into assessments? 

Students often have different ways of learning. For example, some students learn best 

when working in groups or teaching others.  

7. What are some things that you know about how your students learn math?  
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 8. How did you learn about these learning styles? 

Our students have lives outside of school that may have an impact on their academic 

progress.  

9. What are some examples of how your students’ social context affects their 

work in your class? 

 10. How did you learn about these social contexts? 

11. What are some ways that knowing about your students’ social contexts affects 

your instruction or assessment? 

12. Can you tell me about a time when you realized how knowing something 

about your students made a difference? 

13. Is there anything that I haven’t asked that you think I should know? 
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Appendix E 

Post-Lesson Academic Interview Protocol 

 The purpose of this interview is to reflect on a recent lesson to understand your 

perception of the decisions you made prior to and during the lesson. The questions below 

represent sample questions.  

1. Can you tell me how this lesson fits in with other topics you have covered? What 

lesson came before this? What knowledge did students bring with them to this 

lesson?  

2. What were some of the changes you made during the lesson that were not 

planned? Why or how did you decide to do that? 

3. Did you change any of the examples, activities, or assignments because of 

something that happened with students during the lesson?  

4. Was there a time during the lesson that you remember drawing on your 

knowledge of your students? For example, perhaps you used an example that you 

knew would be particularly relevant. Or, maybe you chose NOT to use a 

particular example or strategy. 

The questions below will be focus on the content of the lesson. 

5. How was this content chosen?  

6. What are the primary learning objectives? 

7. How DID you intend to represent the subject matter to the students? 

8. What background knowledge or skills may be required to be successful with this 

content? 

9. What might students need to know or be able to do to be successful with this 

content? 
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The next set of questions will focus on your knowledge of your students’ ACADEMIC 

knowledge.  

10. What do you know about these students’ prior knowledge or skills in math that 

influenced the lesson? 

11. What do you know about these students’ experiences in math that influenced this 

lesson? 

12. What do you know about these students’ mathematical interests that influenced 

this lesson? 

13. What misunderstanding of content/operations/ideas/language did students have 

during this lesson? 

14. What strengths or weaknesses did students exhibit during this lesson? 

15. What about your students’ WAYS of learning math influenced this lesson? 

16. Is there anything else you feel is relevant about your academic knowledge of 

students that I haven’t asked? 
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Appendix F 

Post-Lesson Social Interview Protocol 

 The purpose of this interview is to reflect on a recent lesson to understand your 

perception of the decisions you made prior to and during the lesson. The questions below 

represent sample questions.  

1. Can you tell me how this lesson fits in with other topics you have covered? What 

lesson came before this? What knowledge did students bring with them to this 

lesson?  

2. What were some of the changes you made during the lesson that were not 

planned? Why or how did you decide to do that? 

3. Did you change any of the examples, activities, or assignments because of 

something that happened with students during the lesson?  

4. Was there a time during the lesson that you remember drawing on your 

knowledge of your students? For example, perhaps you used an example that you 

knew would be particularly relevant. Or, maybe you chose NOT to use a 

particular example or strategy. 

The questions below will be focus on the content of the lesson. 

5. How was this content chosen?  

6. What are the primary learning objectives? 

7. How DID you intend to represent the subject matter to the students? 

8. What background knowledge or skills may be required to be successful with this 

content? 

9. What might students need to know or be able to do to be successful with this 

content? 
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 The next of questions will focus on your knowledge of your SOCIAL knowledge 

of your students.  

10. What do you know about your students’ experiences outside of school that 

influenced this lesson? 

11. What do you know about your students’ perspectives of what they know that 

influenced this lesson? 

12. What do you know about these students’ non-academic interests that influenced 

this lesson? 

13. What do you know about these students’ social needs in the classroom that 

influenced this lesson? 

14. Is there anything else you feel is relevant about your social knowledge of students 

that I haven’t asked? 
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Appendix G 

Final Reflective Interview Protocol 

 All of these questions should be answered by reflecting on your interactions 

throughout the school year with the class we have discussed. 

 I am trying to understand how you learned to integrate your knowledge of 

students into your practice. How did you learn to plan activities, set up groupings, and 

modify the textbook curriculum to meet the needs of your students? 

 As you plan for instruction, you choose the activities that you believe will help 

your students learn, and these activities are based on the social and academic needs of 

your students. When you create activities and tasks, you are, in effect, creating the spaces 

within which you and your students will be interacting – not only with you as the teacher, 

but also with each other and with the curriculum. We have physical spaces such as 

whole-group instruction, cooperative learning groups, and learning centers. We also have 

some intellectual spaces such as wait-time, reflective journaling, and conversations with 

students. I would like to talk about some of the spaces I have identified in this study.  

1. I noticed that you created a space for students to communicate both academically and 

socially. Tell me more about how you plan, or allow for, mathematical discourse. Do 

you include any essay writing or journal writing in your classes? 

2. I noticed that you created a space for students to make or see connections between 

topics, courses, and real-world applications. Tell me more about how you learned to 

help students make connections. 

3. I noticed that you created a space for students to experience mathematics. Tell me 

more about how you help students experience mathematics in ways other than 

paper/pencil through abstract mathematical concepts. 
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4. Are there any other spaces that you believe you have created that I have not 

mentioned? 
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Appendix H 

Documents Collected 

Participant/Course                      Documents 

 Textbook Sections 
 

Standards 

Gina, 8
th

-grade 

advanced math 

 Solving Equations 

with Variables on 

Each Side 
 Solving Inequalities 

by Multiplying or 

Dividing 

 

 MA.8.A.6.4: Perform operations on real 

world problems.  

 MA.8.4.2: Solve and graph inequalities 

in one variable. 

Christy, 8
th

-grade 

Honors Geometry 

 Chords and Arcs 
 Inscribed Angles 

 

 MA.912.G.6.2: Define and identify 

parts of circles. 

 MA.912.G.6.4: Determine and use 

measures of arcs and related angles. 

Elsa, high school 

Honors Geometry  

 Tangents 
 Areas and Volumes of 

Similar Solids 

 

 MA.912.G.7.6: Identify and use 

properties of congruent and similar 

solids. 

 MA.912.G.7.7: Determine how 

changes in dimensions affect the 

surface area and volume of common 

geometric solids. 

 MA.912.G.6.1: Determine the center of 

a given circle. Construct circles and 

tangents to circles. 

 MA.912.G.6.1: Circumscribe and 

inscribe circles. 

Janet, Algebra 2 
 Radical 

Expressions 
 

 MA.912.A.6.1: Simplify radical 

expressions. 

 MA.912.A.6.5: Solve problems 

involving radical expressions. 

Patty, Advanced 

Algebra with 

Financial 

Applications 

 Income Tax 
 Cash Flow and 

Budgeting 

 

 MA.9.12.F.4.1: Develop personal 

budgets 

 MA.912.F.4.2: Explain cash 

management strategies. 

 MA.912.F.4.5: Develop and apply a 

variety of strategies to complete 

income tax returns. 

 MA.912.F-IF.3.7: Graph functions. 

 MA.912.F-IF.3.8: Write a function. 
Terri, Precalculus 

 Addition and 

Subtraction Identities 
 

 MA.912.F-TF.3.9: Prove the addition 

and subtraction formulas trigonometric 

identities and use them to solve 

problems. 

Note: Standards have been summarized. 
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Appendix I 

Provisional Codes from the Literature/Vygotsky’s Cultural-Historical Learning Theory 

Connection: Teachers know their students’ academic histories  

Code: Academic 

Description: Text coded to topics of academic histories 

Data Samples 

Sometimes my students will say, “I had a horrible time in math, that’s why I’m taking it,” 

or I’m great in math.” 

So these are like kids that maybe got C’s through Algebra 2, maybe D’s some of them, 

mostly C’s is my best bet. I have very few ESE students. 

The students were strong with evaluating the trig functions using formulas but were weak 

with their past algebra skills of rationalizing fractions. 

Twelve of my honors students this year managed to get into the class not even having 

passed the Algebra 1 EOC yet. 

Being 8
th

 graders, I have two 7
th

 graders, being in middle school in Geometry, I know 

that they, they’ve already had Algebra and they are very smart. 

But I keep pushing them. They are an IB class, and I tell them that they are required to be 

in Algebra Honors next year instead of regular Algebra. 

Connection: Teachers know their students’ social contexts 

Code: Social 

Description: Text coded to topics of social contexts 

Data Samples 

She is involved in this play that’s extraordinarily important to her. 

I know, at this age, they are really, most of them have jobs and some are getting ready to 

go to college, so they are interested in life, not so much interested in school. 

Because I know they relate a lot to baseball instead of basketball or football, I try to, 

when I do an application, I try to incorporate, I have many Cubans, Dominicans, Puerto 

Ricans, so I try to ask more baseball types of questions. 

I didn’t go out looking for anything, but I was just chatting with his Language Arts 

teacher and she told me, “You know, he really loves basketball.”  

What I saw most significantly in that class … was they balked at doing the problem. 

They just shut down. 

Once the discovery part was over, the students read the section, as many are strong with 

reading comprehension. Then I use steps and examples with color coding to reach the 

visual learning, and I give oral explanation of everything I do for the auditory learners.  

(continued)  
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Connection: Teachers learn about their students through interacting with them 

Code: Events 

Description: Text coded to topics around learning about students 

Data samples 

But like you can, you can kind of tell it. So I think that’s how I, I just use the experience 

to kind of sense where the students are. 

This is a side conversation where they’re willing to come up and riff about something. 

And I said, what is with that? And he goes, "I’m working as a busboy six nights a 

week." And I said, well can you back the time off? He said, "I'm afraid I'll lose the job 

and I need it." 

Talking to the students is how I learn of these social commitments that take away from 

their ability to do the work required for the course. 

And then a lot of times, kids will just tell me, flat out, Look, I can't do this; my parents 

are living in another state; I am on my own living with my brother, my sister, or my 

aunt, or my grandparents, you know I mean? Kids flat out just tell you. And so, but you 

have to be open enough to listen to the kids when they're, otherwise, if you don't engage 

them in conversation, they're not going to tell you anything. 

Also, at the very beginning of the school year, I ask them for their previous math 

teacher and because I’ve been in this school for 10 years, so, I kind of know what are 

the patterns. 

Putting the students into groups and giving each person a job helps them know how to 

interact with each other… That way, they have to communicate socially when we talk 

about, we don't put anybody down, you're helping each other, but then communicating 

mathematically. Oh, here's where your mistake is. It’s because you added when you're 

supposed to subtract. I think that small-group thing is good to build up both. 

Connection: Teachers use their knowledge of students to teach the curriculum 

Code: Curriculum 

Description: Text coded to topics around curriculum 

Data samples 

I always try to make sure to include open-ended questions where the student has to 

explain their thought process in trying to explain a concept. 

Like when we used Kelley Blue Book to look at cars, I let them pick, what kind of car 

do we want to pick? What brand, what make, what model, what year? So that they had a 

stake, they had ownership and a stake in what we were researching. The stuff that I was 

interested in looking at, they might just check out mentally. 

When I teach distributive property, I try to relate it to when I distribute pencils. 

Sometimes I distribute two per student or one per student. I explain the lesson like that. 

(continued)  

  



 

   235 

I knew I had to review the algebra skill of rationalizing the fractions, as this is a skill the 

students have not been applying, so I started the lesson by giving them extra practice on 

this. 

My thing is I want them to be able to not resent math and not resent school. I want them 

to be able to appreciate it and understand that I as a teacher understand they have lives 

after school. I just need them to do enough to make sure they have mastered the concept 

without getting in the way of everything else that is important. 

I think one of the things I automatically will do to adjust content is, I don’t know what it 

is about people who write these textbooks, but they feel like they can throw the toughest 

problem at you as an example. And I’m going, no, we don’t, who cares if the kid can do 

fractions or not right now? You don’t have to give them 1/8 or 1/4 to square root and 

cube up to prove a point. You can start with two. So a lot of times, I will adjust the 

difficulty level of the problem as my example. I'll go look for a different one, and I 

adjust that automatically and I think teachers do that. It’s a comfort factor. I want them 

addressing the concept, not the math. 

Connection: Teachers use their knowledge of students during instruction 

Code: Instruction 

Description: Text coded to topics around instructional strategies 

Data samples 

I’ll explain the details of the problem with them, like I’ll say, when I’m explaining to 

them factoring, I’ll say to them specifically having to do with the formatting. 

This last term, they have just drifted to the point where I was just asking them to do got-

its and homework. I think they just got tired and did not want to do it, so their grades 

suffered. They got lower grades than they probably like, and judging by the make-up 

work that I got today, they’re trying to catch up to that. 

When we used Kelley Blue Book to look at cars, I let them pick, what kind of car to we 

want to pick? What brand, what make, what model, what year? So that they had stake, 

they had ownership and a stake in what we were researching. The stuff that I was 

interested in looking at, they might just check out mentally. 

You would be surprised how much you’re getting from them when you talk about what 

they wrote and they said, "How do you know I like swimming?" And I say, "Because 

you wrote it to me at the beginning of the school year." 

I can hear them talking back and forth, so I don’t, their learning styles, they can be 

independent, so I let them take ownership where I just sit there and give a few 

examples, and then I let them work together to complete a little assignment, and then 

knowing that they can do some more at home individually. But I think they do really 

well working in groups because that encourages them to learn how to communicate 

about math, not just saying, "No, it’s, the answer’s 5." Well, why? I can hear them 

telling each other why and how, so I think that working in groups and teaching others is 

a real strong way for them to learn. 

(continued) 



 

   236 

Connection: Teachers have learned to integrate their knowledge of students into their 

practice 

Code: Perceptions 

Description: Text coded to topics around teachers’ perceptions of learning to integrate 

their knowledge of students into their practice 

Data samples 

I know my students, in general, have a difficult time with essays, so I always try to 

make sure to include open-ended questions where the student has to explain their 

thought process in trying to explain a concept. 

So, if it didn’t work well as a lesson, I’m certainly not going to keep repeating it, and I 

have a pretty good idea when they walk out because they may do an exit card. … Then 

for the subsequent classes, I just threw that problem, threw that slide out. I re-created 

some new slides and replaced them. 

Plus, with all the experience I have with middle school, I know how to deal with high 

school. 

One thing you learn about middle-schoolers real quick is that you give them something 

that they’ve never had before and all they want to do is play with it. So, I thought, oh 

we’re going to use these manipulatives and we’re going to get right to work. No. I 

learned very quickly that when you give a middle-schooler a toy, number cubes, algebra 

tiles, you have to give them time to play with it, touch it, feel it. I learned that lesson and 

then I moved forward with it. 

That kid was always, had been on my nerves every day. After Christmas, he changed, 

not dramatically, but he changed. I know it because I know someone who knows his 

mom and that and it was a little bit emotional. It was fun, too. 

When I first started teaching geometry, because my background is in elementary 

education, when I first started teaching geometry, I attended a summer professional 

development at the district where I really go to dig into the content and learn more about 

how to teach geometry.   
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Appendix J 

Markers 

Marker Content Description Data Sample 

Adjustments 
Making adjustments 

to instruction or 

curriculum 

“So, you know, you have to make 

adjustments for those types of things and 

so we definitely do try to work around the 

students’ contexts.” 

Engagement 

Getting students 

engaged with the 

curriculum or in 

conversation 

“But you have to diversify and change it 

up for the kids in order for them to 

understand what they’re doing, in order to 

engage them all. You’re not going to 

engage every kid. The pie in the sky is to 

provide an opportunity for success for 

every student every day.” 

Connections 
Making connections 

between topics and 

the real world 

“The whole point was, okay, we can see 

how archaeologists did their work as 

recently as the 1920s, 30s, 40s. Anybody 

who’s seen Indiana Jones knows how 

recent that is and how archaeologists can 

do things past but on a computer now.” 

Reflecting 

Teacher drawing on 

prior knowledge of 

students or reflecting 

on experience 

“I always feel like I have it easy because I 

feel like, okay if you can make it through 

Mr. Thomas’ class, you can make it here.” 
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Appendix K 

Process Codes and Emergent Themes  

Category: Academic Knowledge 

Theme: Students’ Strengths and challenges 

 Classifying students/varying abilities  

 Evaluating student skills 

 Identifying confidence levels 

 Identifying strengths of background in math  

 Identifying language/communication barriers  

 Classifying types of errors  

Theme: Students’ histories with previous teachers 

 Knowing previous coursework/grades 

 Knowing previous teachers as colleagues 

 Knowing previous teachers’ instructional strategies/requirements 

Theme: Students’ places on the learning continuum 

 Knowing previous schools/coursework 

 Dealing with exceptions 

 Knowing about future coursework and exams, and plans 

 

Category: Social Knowledge 

Theme: Students’ interests and extracurricular activities 

 Knowing about athletics/extracurricular activities/jobs 

 Knowing student interests 

Theme: Students’ family dynamics and home environment 
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 Knowing about family structure 

 Knowing about family support 

 Knowing about home environment 

Theme: Students’ ways of learning math  

 Recognizing learning modalities (visual/auditory/kinesthetic) 

 Recognizing support needs  

 Recognizing how students learn in groups or independently 

 Recognizing how students approach problems 

 

Category: Events 

Theme: Non-instructional talk 

 Talking with students on a social level 

 Asking about background/math experiences 

 Asking about interests 

 Advising/counseling students 

Theme: Instructional talk  

 Encouraging discourse/facilitating classroom discussions (content-related) 

 Requiring students to explain how, why, what process? 

 Students asking questions/responding to questions during lesson  

 Talking with students during the lesson 

Theme: Observing and listening to their students 

 Listening to students working together 

 Observing how students work together 

 Observing student behavior 
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 Observing students as they work with the content 

Theme: Monitoring student work 

 Reviewing student work 

 Circulating to assist 

Theme: Talking with colleagues 

 Talking with school personnel 

Theme: Reflecting on their prior experiences 

 Reflecting on experience regarding other teachers 

 Reflecting on experiences with students 

 

Category: Curriculum and Instruction 

Theme: Adjusting  

 Adjusting the context of examples 

 Adding projects 

 Adding extra examples and practice 

 Adjusting the amount of individual practice 

 Adjusting the pacing  

 Adjusting assessments 

Theme: Applying and experiencing  

 Applying math in real-world context 

 Experiencing math 

Theme: Connecting 

 Connecting topics and courses 

 Building on current knowledge 
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Theme: Preparing 

 Preparing students for exams 

 Preparing students for the future courses 

 Preparing students for life 

Theme: Recognizing and responding 

 Checking for understanding 

 Analyzing errors/problems 

 Applying what needs to be done 

Theme: Engaging students 

 Allowing students to talk/asking students/engaging the students  

 Communicating mathematically 

 Celebrating success 

 

Category: Perceptions 

Theme: Experience 

 Reflecting on experiences with students 

 Making a difference 

Theme: Content-based professional development  

 Taking graduate classes in math 

 Attending district-level professional development 



 

 

2
4
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Appendix L 

Process Codes and Data Samples for Events 

Instructional talk 

 
Elsa Patty Terri Christy Gina Janet 

Encouraging 

discourse / classroom 

discussions 

But I'm not verbal. I 

am so not verbal. 

I'm visual. And 

when they speak to 

me, I have to 

process it. But 

they'll stand their 

ground and go, but I 

did this. And I, 

again, that's 

something I've tried 

to instill in them, 

that there's not just 

one way. 

No, I think it makes 

it richer whenever 

you can engage. 

The kids then have 

brought their 

personal 

experiences into the 

instruction. Other 

kids also can feel 

safe and want to 

participate in 

bringing in their 

work or outside 

experience into the 

discussion. That 

enriches the 

learning experience 

for everybody. 

But I also give them 

time to 

communicate with 

each other around 

the math. A lot of 

times I will just put 

a problem up on the 

board and say, okay, 

draw a picture. And 

then in their groups, 

I would say, okay, 

let's get in groups, 

or turn to a partner 

and share your 

picture. Describe 

your picture and 

how it relates to the 

problem. 

Putting the students 

into groups and 

giving each person a 

job helps them 

know how to 

interact with each 

other. That way, 

they have to 

communicate 

socially when we 

talk about, we don't 

put anybody down, 

you're helping each 

other, but then 

communicating 

mathematically. Oh, 

here's where your 

mistake is. It's 

because you added 

when you're 

supposed to 

subtract. 

If someone gets it 

right away, I say to 

another student, can 

you explain to me 

what that student 

meant? Can you try 

to put it in your own 

words? 

 

(continued) 
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Elsa Patty Terri Christy Gina Janet 

Requiring students 

to explain: how, 

why, what process? 

Working with them 

this year and getting 

to talk to them a lot 

one on one and 

getting them – I 

won't just say, okay, 

here's the answer. 

I'll go, how do you 

know that? And 

they'll give me an 

answer, and I'll ask 

them, well, how did 

you get there? What 

was your reasoning 

process? 

  

But I think they do 

really well working 

in groups because 

that encourages them 

to learn how to 

communicate about 

math, not just saying, 

no, it's, the answer's 

five. Well, why? I 

can hear them telling 

each other why and 

how. 

If they cannot do it 

in writing, I try to 

incorporate, why 

does this make 

sense? Explain to 

me what is the 

meaning of this 

answer. 

I always try to make 

sure to include 

open-ended 

questions where the 

student has to 

explain their 

thought process in 

trying to explain a 

concept. 

Students 

asking/answering 

questions during the 

lesson 

It was pretty much 

on a lesson that they 

should have known 

things, but one child 

asked me today how 

to find the area of 

the square and I just 

about cried. I just 

looked up and said, 

really? 

We always have 

conversations. Who 

has done this or 

who has done that 

or whatever the case 

is. 

More than half the 

class had questions 

on how to complete 

the identities using 

the tangent 

formulas. They 

were able to start 

the problem, but got 

stuck on the later 

steps where they 

had to kind of draw 

on their background 

knowledge. 

There's one kid, he's 

so funny. His quote 

is, "But wait, how is 

that possible?" 

That's good because 

it makes me think, 

did I say that right? 

Is there something 

I'm missing? 
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Monitoring Student Work 

 
Elsa Patty Terri Christy Gina Janet 

Reviewing student 

work 

I also do, as soon as 

they come into class 

the first day, I do a 

diagnostic test to 

see what their, and 

that's your entry-

level skills, kind of 

test, not based on 

the content, just 

based on what 

they're supposed to 

have covered. 

 

During the first 

week, I give a 

diagnostic test of 

past algebra skills. 

 

I realize that after I 

have collected their 

work because the 

work that I have for 

them, I realized that 

maybe instead of 

just giving them a 

lot of the 

distributive property 

examples, maybe 

give them more 

examples that have 

integers, like 

different signs. 

So it just depends 

on, and I get that a 

lot when I, when 

I’m reading my 

students’ essays, I 

can tell, this student 

does not, is not 

really getting words 

written. 

Circulating to assist 

I tend to spend a lot 

of time walking 

around and making 

sure I hit my known 

kids. The funny 

things was that I've 

learned this year, I've 

learned that even the 

bright ones want to 

show you they got 

the answer right. So 

if I walk around, I hit 

20 out of 25 kids 

because they have to 

show me they got the 

answer right. 

  

Even as I was 

walking around from 

group to group to 

check on their 

progress, I didn't see 

any 

misunderstandings 

going on. 

 

So we definitely 

have to circulate 

and make sure the 

students understand 

they can have those 

same five lengths of 

string common for 

both charts so they 

can do a 

comparison.  
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Non-instructional talk 

 
Elsa Patty Terri Christy Gina Janet 

Talking with students 

on a social level 

This is a side 

conversation where 

they're willing to 

come up and riff 

about something. 

And I said, what is 

with that? And he 

goes, "I'm working 

as a busboy 6 nights 

a week." And I said, 

well can you back 

the time off? He 

said, "I'm afraid I'll 

lose the job and I 

need it." 

Now the seniors that 

I've been talking to, 

some of the seniors, 

some of them have 

pie in the sky ideas 

and they've been 

brought down this 

semester to reality. 

They thought they 

were going to get 

into Florida or 

whatever, they 

didn't get it, and 

now they're like, 

Well, that was my 

only school I 

wanted to get into." 

Now they're left 

with a couple 

choices. 

So, I build in little 

pockets of time 

every once in a 

while, especially 

after big weekends 

or say the prom, or 

something that was 

a major point in 

their life. We build 

in little pockets of 

time to just sit and 

talk about it before I 

jump into the 

lesson. Hey, how 

was the prom? 

Anybody go to the 

fair this weekend? 

Just stuff that I 

know that, how was 

the game Friday 

night?  

  

I like to make 

monthly calls. “Hi, 

where is such-and-

such-and-such?” 

“Oh, let me tell you, 

blah, blah, blah.” 

Like definitely the 

conversation you 

have with the 

students and their 

parents really give a 

lot of insight into 

what’s going on. 

(continued) 
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Elsa Patty Terri Christy Gina Janet 

Asking about 

background/math 

experiences 

Informally, I also 

know, I taught at 

two of our three 

middle schools that 

feed our school, and 

I will ask them, I 

say, well, you know 

I taught at there, 

establish a rapport. 

 

On the first day of 

school, I have them 

fill out an 

information sheet 

that also asks for 

their last math class 

and what grade 

they received to 

catch any that may 

have errors in their 

placement. 

 

Also, at the very 

beginning of the 

school year, I ask 

them for their 

previous math 

teacher, and 

because I've been 

in this school for 

10 years, I kind of 

know what are the 

patterns. 

In the welcome call, I 

ask them, is there 

anything that I should 

know about, um, tell 

me anything about 

you that I should 

know that would 

affect you in math, 

anything that might 

be important, how 

you feel about math, 

any experiences that 

you’ve had in math, 

that I should know so 

that I can support you 

in being successful. 

Asking about 

interests 
  

Talking to the 

students is how I 

learn of these social 

commitments that 

take away from their 

ability to do the 

work required for 

the course. 

 

I ask them some 

questions. What is 

your biggest 

accomplishment? 

What is the book 

that you like to read 

the most? Why did 

you choose that 

book? 

I used to ask, in the 

welcome call like we 

were trained, “Just 

tell me about 

anything you’re 

interested in,” and 

you know, they 

would tell you about 

proms and drama, 

and those things are 

important to know 

about the student as a 

person. 

(continued) 
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Elsa Patty Terri Christy Gina Janet 

Counseling/advising 

students 

And I said you're 

okay now? And she 

said, "yes." And I 

said, let's not worry 

about the work. We 

can deal with that. 

Let's talk about this 

issue. 

And then a lot of 

times, kids will just 

tell me, flat out. 

Look, I can't do 

this; my parents are 

living in another 

state; I am on my 

own living with my 

brother, my sister, 

or my aunt, or my 

grandparents, you 

know I mean? Kids 

flat out just tell you.  

If a student is not 

performing as I 

expect, I talk to 

them, and it is then 

that I have found out 

life situations that are 

preventing them 

from concentrating 

or doing the work for 

class. 

 

The only thing I offer 

them is that I'm 

always here after 3 if 

they want to come 

talk to me or have a 

question about 

something. … Some 

of it comes from 

personal issues, and I 

said, you need to go 

to guidance. No, Ms. 

V, I want to tell you. 

I have a lot of 

conversations with 

students and 

parents about the 

work that we're 

doing in this 

course, how it's 

going to affect 

them in their next 

courses, even kind 

of advising them. 

You may want to 

try the precalculus 

route as opposed to 

the trig route. 
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Observing and listening to students 

 
Elsa Patty Terri Christy Gina Janet 

Listening to students 

as they work together 
   

What I find is that I 

hear their 

conversations as 

they talk to each 

other. 

 

Just in listening to 

them speak to one 

another, I remember 

one, I remember he 

just took charge and 

he really had a lot of 

background 

knowledge and was 

able to disseminate 

information 

throughout his 

group very good. In 

that case, I was able 

to hear the students 

and the types of 

questions they were 

asking and the way 

that they interacted 

with their other 

group members and 

it allows me to be 

able to get a good 

feel of where they 

are academically. 

(continued) 
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Elsa Patty Terri Christy Gina Janet 

Observing how 

students work 

together 

I created all of these 

brilliant 

heterogeneous 

groups, and then 

watched what 

worked. And then if 

the kids weren't 

strictly supervised, 

how they watched 

what they wanted. 

  

As far as strengths or 

weaknesses, you can 

even look at group 

dynamics. I never 

have to assign groups 

or say, will you take 

Phillip in your 

group? All I have to 

do is say, all right, 

two or three people 

in a group and they 

find a way. 

 

We had a student 

who didn't have any 

audio, so it was very 

hard to do this 

collaboration so we 

did a lot of 

intervention with 

them and mediating 

between the three 

students. 

Observing student 

behavior 

So when I sat there 

and I said that looks 

like a difficult 

problem if they’re 

lost in pi, I was 

shocked today when 

I sat there and said 

area of a circle and 

watched, in a couple 

of classes, blank 

faces. 

  

Yeah, it was kind of 

neat to watch their 

faces as we changed 

the angles; there 

was a slider bar in 

the program, and as 

we slid the bar to 

make a larger angle, 

they could see the 

arc change. 

Pretty much, at the 

very beginning of the 

school year, the first 

two weeks of school, 

I start observing 

them and try to build 

relationships with the 

kids. 

I have a few 

students who, they 

only learn in 

groups, and I can 

tell that because 

almost all of their 

work will be 

submitted via live 

lesson. 

(continued) 
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Elsa Patty Terri Christy Gina Janet 

Observing students 

as they work on the 

content 

Also, prior math 

skills. When you 

start working with 

the students, you 

start to see how fast 

they grab a 

calculator to do 

basic calculations. 

 

Actually, after I 

showed them how to 

work through a 

couple of problems, I 

had them work 

together on the rest 

of the problems as I 

walked around 

checking on them. 

That extra practice 

really seemed to help 

them master the 

concept. 

Even as I was 

walking around 

from group to group 

to check on their 

progress, I didn't see 

any 

misunderstandings 

going on. 

I meant that even 

when I give them 

observation 

assessments, instead 

of just paper and 

pencil, they cannot 

process the 

information that I 

give them. 

They also had, 

needed clarification 

as far as making 

sure they 

understood they 

couldn't answer that 

analysis question 

before actually 

running the 

experiment. So we 

would go back and 

reiterate that and 

reiterate to them 

what the purpose 

was of for them to 

make sure that they 

actually run the 

experiment first. 
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Reflecting on Prior Experiences 

 
Elsa Patty Terri Christy Gina Janet 

Reflecting on 

experience with 

students 

I have found with 

students, if they get 

scared and shut 

down, they lose 

their confidence, 

they lose some 

lesson content. 

And so, but you 

have to be open 

enough to listen to 

the kids when 

they're, otherwise, if 

you don't engage 

them in 

conversation, 

they're not going to 

tell you anything. 

They're just going 

to, they are just 

another warm seat 

and they're gone, 

and you have no 

impact on them, and 

they have no impact 

on you. 

I have learned about 

different learning 

styles through 

experience, course 

work and 

workshops. 

No, not really. 

Some things you 

look out for to see if 

they did a 

construction wrong 

or they mixed up 

radius and diameter. 

But I didn't 

emphasize that a lot 

because my students 

have big gaps in 

fractions. 

Because, if the 

students are 

frustrated with the 

tools, they have a 

hard time focusing 

on the content. I've 

seen this kind of 

frustration in my 

students, and so I 

definitely try to 

eliminate all of that 

and keep it a really 

positive experience 

for them. 

Reflecting on 

experiences 

regarding other 

teachers 

I know who the 

gifted teacher is, 

and I know who the 

ESE teacher is. So I 

can look at who 

they had as a 

teacher and what 

school they came 

from, and maybe it's 

prejudice, maybe 

it's experience, but I 

get a general idea of 

what their math, 

what their level of 

skills are. 

  

I know that they are 

very disciplined, so 

they are very 

rigorous and 

thorough. But I 

know one teacher 

doesn't use a 

graphing calculator 

and the other one 

does. 

Also , at the very 

beginning of the 

school year, I ask 

them for their 

previous math 

teacher, and because 

I've been in this 

school for 10 years, 

I kind of know what 

are the patterns. 
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Appendix M 

Curriculum Analysis Guide 

Name or description of document: 

 

Event or contact person with which document is associated: 

 

What are the primary learning objectives? 

How does the curriculum represent the subject matter to the students? 

What might students need to know or be able to do to be successful with this content? 

To what extent does the curriculum take into account the students’ cultural, ethnic, or 

social backgrounds? 

How was this content chosen?  

What background knowledge or skills may be required to be successful with this content? 

How did the teacher intend to teach this lesson? 
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Appendix N 

Curriculum Analysis Guide Correlation 

Selected Questions from Posner’s 

Analyzing the Curriculum 
Curriculum Analysis Guide Questions 

What types of learning objectives are 

included and emphasized in the 

curriculum? 

What are the primary learning objectives? 

What are the primary ways in which the 

curriculum represents the subject matter to 

the students? 

How does the curriculum represent the 

subject matter to the students? 

How is it determined if students have met 

the standards? 

What might students need to know or be 

able to do to be successful with this 

content? 

To what extent does the curriculum take 

into account the students’ cultural, ethnic, 

or social backgrounds? 

To what extent does the curriculum take 

into account the students’ cultural, ethnic, 

or social backgrounds? 

 How was this content chosen? 

 
What background knowledge or skills 

may be required to be successful with this 

content? 

 
How did the teacher intend to teach this 

lesson? 
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Appendix O 

Psychological Tools and Cognitive Skills 

Cultural-Historical 

Learning Theory 

Connection 

Code Definition Data Sample 

Psychological tools: 

Literal & cognitive 

tools used in 

mathematics 

  

Tech 
Using 

technology 

Use a graphing calculator to 

compare f(x) = sinx + sinπ and g(x) 

= sin(x + π). 

Manip 
Using 

manipulatives 

Use the virtual pendulum to 

complete this activity. 

Table 
Using/creating 

tables 

Fill in the rows of the table until 

Tanner and Jordan … 

Sym 
Using symbolic 

language 
⊙O ≅ ⊙P 

Form Using formulas 𝑇 = 2𝜋√(
𝐼

32
) 

Cognitive skills: 

Mental skills used in 

the process of 

learning 

 

Conj 

Making or 

testing 

conjectures 

What effect do you believe will the 

weight of the pendulum have on the 

period? 

Ana Analyzing 

What effect does the length of the 

string have on the period of the 

pendulum? 

Exp Exploring 

Use a graphing calculator to 

compare f(x) = sinx + sinπ and g(x) 

= sin(x + π). 

Real 

Applying 

mathematics in 

a real-world 

context 

The lateral areas of similar paint 

cans are l019 cm
2
 and 425 cm

2
. The 

volume of the small can is 

1.157cm
3
. Find the volume of the 

large can. 
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Appendix P 

Case Dynamics Matrix 

PT/CS Used Taught 

Academic 

knowledge 
used or 

learned 

Social 

knowledge 
used or 

learned 

PT/CS 

used/taught 

by teacher 

Changes to 
curriculum 

Instructional 
strategies 

Purpose 

PT: 

Technology 

        

PT: 

Manipulatives 

        

PT: Tables 
        

PT: Symbolic 

language 

        

PT: Formulas 
        

CS: Make/test 

conjectures 

        

CS: Analysis 
        

CS: 

Exploration 

        

CS: Real-
world 

applications 

        

What are the primary learning objectives of this lesson? 
How does the curriculum represent the subject matter to the students? 

What might students need to know or be able to do to be successful with this content? 

To what extent does the curriculum take into account the students’ cultural, ethnic, or social 

backgrounds? 
How was this content chosen? 

What background knowledge or skills may be required to be successful with this content? 

How did the teacher intend to teach this lesson? 
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Appendix Q 

Domains Within Which Teachers Work 

Domain Content description Data sample 

Teacher / 

curriculum 

Data related to the 

teacher reflecting 

on or interacting 

with the curriculum 

alone or with 

colleagues 

I know my students, in general, have a 

difficult time with essays, so I always try to 

make sure to include open-ended questions 

where the student has to explain their 

thought process in trying to explain a 

concept. 

Teacher / students 

/ curriculum 

Data related to the 

teacher interacting 

with students and 

with the curriculum  

We had to adjust the way that we grouped 

some of the students based on what we 

were seeing. 
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Appendix R 

Three-Column Table with Themes 

Antecedent Decision Outcome 

continuum connecting building on what students know 

continuum preparing preparing students for exam 

continuum preparing preparing students for next year 

continuum engaging knows purpose for taking course 

continuum engaging learns about purpose for taking course 

continuum recognizing learned purpose for being in the class 

history engaging learning about general skill level 

history engaging learns about history with teachers 

history recognizing builds on comfort level 

strengths/challenges adjusting build math capital 

strengths/challenges adjusting 
students were able to learn content without being 

overwhelmed by the calculations 

strengths/challenges adjusting students are comfortable learning the concept 

strengths/challenges adjusting prepare students for current topic 

strengths/challenges adjusting supporting students 

strengths/challenges adjusting provides targeted remediation 

strengths/challenges adjusting targets content instruction to students' needs 

strengths/challenges adjusting made current content easier to grasp 

strengths/challenges adjusting makes curriculum relevant  

strengths/challenges adjusting more practice/examples 

strengths/challenges adjusting prepare for new topic 

strengths/challenges adjusting students practice one concept at a time 

strengths/challenges adjusting begins instruction at appropriate level 

strengths/challenges adjusting build in review if needed 

strengths/challenges connecting more students were able to understand 

strengths/challenges connecting builds student confidence 

strengths/challenges connecting builds on student knowledge  

strengths/challenges preparing prepares students for essay questions on exam 

strengths/challenges preparing activated prior knowledge 
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strengths/challenges preparing preparing students for new topic 

strengths/challenges preparing preparing students for future studies 

strengths/challenges engaging learns about general skill level 

strengths/challenges engaging students take risks 

strengths/challenges engaging applied knowledge to new topic 

strengths/challenges engaging students articulate what they don't know 

strengths/challenges engaging attempts to engage more students 

strengths/challenges engaging counsels students who fall below average 

strengths/challenges engaging new formulas were learned 

strengths/challenges engaging students seek advice later, on their own terms 

strengths/challenges engaging reviewing, remediating 

strengths/challenges engaging 
instructional talk – tries to explain a different 

way 

strengths/challenges recognizing knows where to begin instruction 

strengths/challenges recognizing helps students communicate mathematically 

strengths/challenges recognizing re-teaches algorithm 

strengths/challenges recognizing uses manipulatives to present in an alternate way 

strengths/challenges recognizing taught a tangential lesson on rounding 

strengths/challenges recognizing decides to "back up" 

strengths/challenges recognizing students become more confident 

strengths/challenges recognizing 
students explored how rounding affects a final 

answer 

strengths/challenges recognizing building student confidence 

strengths/challenges recognizing know where to remediate 

strengths/challenges recognizing provides new scenario / a lot of support 

strengths/challenges recognizing remediates immediately with whole class 

strengths/challenges recognizing students lose lesson content 

strengths/challenges recognizing know where to target instruction 

strengths/challenges recognizing better communication for students 

strengths/challenges recognizing adjusted the explanation of the work 

strengths/challenges recognizing students could get comfortable with technology 

strengths/challenges recognizing targeted instruction to remediate 

strengths/challenges recognizing students could experience success 
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strengths/challenges recognizing gets a feel of where they are academically 

strengths/challenges recognizing targets instructional strategy to students' needs 

strengths/challenges recognizing knows how to deal with high school students 

strengths/challenges recognizing learned that students were not strong in math 

strengths/challenges recognizing knew where to seat, any special needs 

strengths/challenges recognizing students had time to practice and communicate 

strengths/challenges recognizing knows where to target instruction 

strengths/challenges recognizing begins instruction at last level of success 

strengths/challenges recognizing knows where to target instruction 

ways of learning applying 
give students experience in real-world 

application 

ways of learning applying students experience math 

ways of learning applying students take ownership/invest in the activity 

ways of learning applying 
students have a physical understanding of the 

concept 

ways of learning applying help students make connections 

ways of learning applying give students hands-on experience with concepts 

ways of learning applying learned about what students know & can do 

ways of learning engaging learns about different approaches students use 

ways of learning engaging students get help on their own terms 

ways of learning engaging students get the assistance they need 

ways of learning engaging students engage in contributing their ideas 

ways of learning engaging building student confidence 

ways of learning engaging engagement is rewarded/praised 

ways of learning engaging learning about what students can do 

ways of learning engaging students help each other 

ways of learning engaging motivates students to work 

ways of learning engaging learns about learning styles 

ways of learning engaging learned how to help support students 

ways of learning engaging engages students 

ways of learning engaging attempts to engage all students 

ways of learning engaging 
attempts to provide opportunity for success for 

all 



 

   260 

ways of learning engaging motivation for learning new formula 

ways of learning engaging students can come to her on their own terms 

ways of learning engaging encourages mathematical reasoning 

ways of learning engaging learns about student learning styles 

ways of learning engaging builds confidence  

ways of learning engaging students interact with each other/curriculum 

ways of learning recognizing students take ownership 

ways of learning recognizing know where to remediate 

ways of learning recognizing makes adjustments to grouping 

ways of learning recognizing makes adjustments to activity 

ways of learning recognizing tries to meet individual needs 

ways of learning recognizing student needs are validated 

ways of learning recognizing builds confidence 

ways of learning recognizing 
used strategies to address different learning 

styles 

ways of learning recognizing learns about student learning styles 

ways of learning recognizing students are more comfortable 

ways of learning recognizing narrows the focus of discussion 

ways of learning recognizing 
groups work together effectively/engage each 

other 

ways of learning recognizing students can engage on their own terms 

ways of learning recognizing directs attention/focus collaboration 

family adjusting makes curriculum relevant 

family adjusting students are engaged in the learning 

family adjusting give practice without overwhelming 

family engaging provides encouragement and support 

family engaging makes instruction richer/relevant 

family engaging 
students contribute to the class/engage with 

curriculum 

family engaging students can get help on their own terms 

family engaging building relationships 

family engaging gains social knowledge 

family recognizing students learned concept 
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interests adjusting gives students something to relate to 

interests adjusting students engage 

interests adjusting build curriculum around students 

interests adjusting makes curriculum relevant 

interests adjusting helps students relate to concept physically 

interests adjusting used interest to make curriculum relevant 

interests adjusting student becomes more engaged 

interests applying helps students understand & retain the material 

interests adjusting students engage 

interests connecting students see connections  

interests connecting teaches new content 

interests engaging students contribute/engage with the lesson 

interests engaging uses student info to teach content 

interests engaging counsels students about commitment 

interests engaging builds relationships with students 

interests engaging makes curriculum relevant  

interests recognizing can focus on instruction 
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Appendix S  

Case Dynamics Matrices with Teacher Data 

Elsa – Geometry Honors – academic interview  

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables         

PT: Symbolic 

language 
x        

PT: Formulas x        

CS: Make/test 
conjectures 

        

CS: Analysis         

CS: Exploration   

Learned: 

Students know 
what rounding 

is, but it is 

algorithmic 
with not much 

meaning 

 x 

Explored 
rounding; 

made 

examples less 
complicated 

 

Teach 
concept 

without 

math 
difficulty 

CS: Real-world 
applications 

x x       

What are the primary learning objectives of this lesson?  

               Find the relationship between the ratios of the areas and volumes of similar solids. 

How does the curriculum represent the subject matter to the students? 

The section begins with five exercises to activate prior knowledge regarding similarity and 

volumes of solids. The examples used in the text build on the five problems at the beginning. The 

marginal text explains what students will be learning and why. The instructional text includes one 

theorem, four examples, and four practice exercises. Examples 2 and 4 are set in real-world 

contexts of paint cans and paperweights, respectively. There are 50 practice exercises, nine of 

which are real-world application problems. The other 41 exercises are purely mathematical in 

nature. 

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Elsa – Geometry Honors – social interview  

 

  

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables         

PT: Symbolic 

language 
x x       

PT: Formulas x        

CS: Make/test 
conjectures 

        

CS: Analysis         

CS: Exploration         

CS: Real-world 

applications 
x x       

What are the primary learning objectives of this lesson?  

               Use properties of tangents to solve problems involving circumscribed polygons. 

How does the curriculum represent the subject matter to the students? 

              Students are given six exercises to activate prior knowledge regarding squaring binomials and 

using the Pythagorean theorem. The text refers to an earlier lesson to further activate prior 

knowledge. The instructional text is formatted as follows: theorem, example, practice problem. 

Two theorems, five examples, and five practice problems are included. Examples 2 and 4 are real-

world applications of belts and pulleys and a bicycle chain, respectively. All other examples are 

purely mathematical in nature. Thirty-four exercises are provided, three of which are real-world 

applications.  

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Patty – Advanced Algebra with Financial Applications – academic interview 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables   x       

PT: Symbolic 

language 
        

PT: Formulas         

CS: Make/test 
conjectures 

        

CS: Analysis         

CS: Exploration         

CS: Real-world 

applications 
 x  

Students have 

jobs 
x 

Use student 

info, not 

textbook 

Discussion, 

exploration 

Make 

curriculum 
relevant, 

build on what 

students 
know 

What are the primary learning objectives of this lesson?  

               Understand the purpose of income tax.  

               Fill out tax forms. 

How does the curriculum represent the subject matter to the students? 

The text begins with real-world scenario to introduce the purpose of budgeting. A sample budget 

is shown and explained, followed by a sample budget for students to evaluate. The follow-up 

exercise presents students with a fictitious scenario and prompts them to create a budget.  

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Patty – Advanced Algebra with Financial Applications – social interview 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables   x       

PT: Symbolic 

language 
        

PT: Formulas         

CS: Make/test 
conjectures 

        

CS: Analysis         

CS: Exploration   
Math 

backgrounds 

are weak 

  

Students 

explore other 
examples of 

piecewise 

functions 

Exploration and 

discussion 

Build on what 
students 

already know 

CS: Real-world 

applications 
 x  

Students have 

jobs 
X 

Use student 
info, not 

textbook 

Collaborative 

groups 

Make 
curriculum 

relevant, 

build on what 
students 

know 

What are the primary learning objectives of this lesson?  

               Prepare a budget.  

How does the curriculum represent the subject matter to the students? 

The text begins with an explanation of how income tax is collected. Sample completed tax forms 

are shown and explained. Real-world scenarios are presented followed by practice questions 

regarding income tax. The informational text ends with an explanation of tax brackets and practice 

questions. The follow-up exercise presents students with a fictitious scenario and prompts them to 

complete a tax form. 

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Terri – Precalculus – academic and social interviews 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught 
by teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology     x   
Exploring 

formulas 

PT: 
Manipulatives 

        

PT: Tables         

PT: Symbolic 
language 

 x 

Students 

previously 
learned the 

prerequisite 

algebra skills 
necessary for 

this lesson 

 x  

Introduced a 

song; 
reviewed 

algebra skills 

Help students 
memorize 

formulas; 

prepare for a 
new topic 

PT: Formulas  x      
Prepare for a 

new topic 

CS: Make/test 

conjectures 
        

CS: Analysis  x       

CS: Exploration  x   x   
Prepare for a 

new topic 

CS: Real-world 

applications 
        

What are the primary learning objectives of this lesson?  

Use identities to evaluate sums and differences of trigonometric functions. 

How does the curriculum represent the subject matter to the students? 

The text begins by presenting the formulas used in the section, followed by seven examples. All of 

the examples are purely mathematical with no references to real-world applications. The marginal 

text explains what students will be learning and why. There are 112 practice exercises, two of 

which are real-world applications.  

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Christy – Geometry Honors – academic interview 

  

PT/CS/notes 
Used in 
textbook 

Taught 

(new) in 

textbook 

Academic 

knowledge 

used/learned 

Social 

knowledge 

used/learned 

PT/CS 

used/taught by 

teacher 

Changes to 
curriculum 

Instructional 
strategies 

Purpose? 

PT: Technology x  

Students will 

need to be 

familiar with 
tech in high 

school math 

courses 

 x 
Created tech 

activity to use 
 

Show 
connection 

between 

paper/pencil 
and tech 

PT: 
Manipulatives 

        

PT: Tables         

PT: Symbolic 

language 
x        

PT: Formulas         

CS: Make/test 

conjectures 
 x       

CS: Analysis         

CS: Exploration         

CS: Real-world 

applications 
 x  

Students work 
well together in 

groups 

 
Incorporated 
real-world 

activity 

Groups 

working outside 

in application 
of concept 

Make the 

math real 

What are the primary learning objectives of this lesson? 

              Use congruent chords, arcs, and central angles. 

How does the curriculum represent the subject matter to the students? 

The section begins with three exercises to activate prior knowledge regarding using the sine and 

cosine ratios to find the length of the third side of a triangle. The marginal text explains what 

students will be learning and why. The instructional text includes five theorems, three examples, 

two proofs, and three practice exercises. None of the examples are set in real-world contexts. 

Marginal text includes a statement about what students will be learning and why. Other marginal 

notes relate the lesson topic to real-world applications involving Ferris wheels and tires. There are 

52 practice exercises, three of which are real-world application problems. The other 49 exercises 

are purely mathematical in nature. 
How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Christy – Geometry Honors – social interview   

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: 

Technology 
x  

Students enjoy 
seeing concepts 

in a variety of 

representations 

 x 

Used 

graphing 
software 

 

Show 

connection 

between 
paper/pencil 

and tech 

PT: 
Manipulatives 

x        

PT: Tables         

PT: Symbolic 

language 
x        

PT: Formulas         

CS: Make/test 

conjectures 
x        

CS: Analysis         

CS: 
Exploration 

        

CS: Real-world 

applications 
        

What are the primary learning objectives of this lesson? 

              Find the measure of an inscribed angle. 

              Find the measure of an angle formed by a tangent and a chord. 

How does the curriculum represent the subject matter to the students? 

The text begins with eight exercises to activate prior knowledge regarding identifying arcs and 

calculating arc measures. The marginal text explains what students will be learning and why. The 

instructional text begins with a hands-on activity followed by two theorems, one corollary, one 

proof, three examples, and three practice exercises. None of the instructional text is set within a 

real-world context. The 58 follow-up exercises include three exercises set in a real-world 

application. 

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Gina – eighth-grade Advanced Math – academic interview 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables x        

PT: Symbolic 
language 

x  

Teaching styles 

of prior 

teachers 

 

Used pt (line 

through 

middle)  

  

Build on 

student 

confidence 

PT: Formulas         

CS: Make/test 

conjectures 
        

CS: Analysis         

CS: Exploration         

CS: Real-world 

applications 
x x  

Student 

interests in 

certain sports 

 

Changes 
examples to 

be relevant to 

student 
interest 

 

Engage 

students, 

build on what 

they know 

What are the primary learning objectives of this lesson? 

 Solve equations with variables on each side. 

How does the curriculum represent the subject matter to the students? 

The text begins with a real-world scenario and five exercises to help activate their prior knowledge 

regarding how to write equations based on data from a table. The instructional text includes three 

examples, one of which is set in a real-world context involving cell phones, and four practice 

exercises. The 39 follow-up exercises include three real-world applications.  

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 
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Gina – eighth-grade Advanced Math – social interview 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: Technology         

PT: 

Manipulatives 
        

PT: Tables x        

PT: Symbolic 

language 
x x 

Students will be 
taking Algebra 

1 next year 

   

This lesson 

was not 

required –
included in 

the text, but 

not required 
by district 

 
Preparing 

students for 

next course 

PT: Formulas         

CS: Make/test 

conjectures 
        

CS: Analysis         

CS: Exploration         

CS: Real-world 

applications 
x x       

What are the primary learning objectives of this lesson? 

 Solve multi-step inequalities. 

How does the curriculum represent the subject matter to the students? 

The text begins with a real-world scenario and two exercises to help activate their prior knowledge 

regarding how to write and solve inequalities based on data from a table. The instructional text 

includes five examples, one of which is set in a real-world context involving baseball, and seven 

practice exercises. The 52 follow-up exercises include three real-world applications. 

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

There is no evidence of the curriculum addressing students’ cultural, ethnic, or social backgrounds 

in this textbook section. 
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Janet – Algebra 2 – academic and social interviews 

PT/CS/notes 
Used in 

textbook 

Taught 

(new) in 
textbook 

Academic 

knowledge 
used/learned 

Social 

knowledge 
used/learned 

PT/CS 

used/taught by 
teacher 

Changes to 

curriculum 

Instructional 

strategies 
Purpose? 

PT: 
Technology 

x  

Students have 

little 

experience with 
tech tools 

required for the 

lesson 

   

Emphasized 

teaching of the 
use of 

technology 

To build student 
confidence 

PT: 

Manipulatives 
 x 

The virtual 

manipulative 

pendulum was 
new to the 

students 

   

Monitored 

student use and 

provided extra 
support in using 

the technology 

Check for 

understanding 

PT: Tables x  

Learned: some 

students didn’t 
understand how 

to convert 

numbers to 
insert them 

properly into 

the table 

 
Filling in the 

table correctly 
 

Monitored 

student work and 

provided 
feedback 

Check for 

understanding; 

correct errors 

PT: Symbolic 

language 
x        

PT: Formulas  x       

CS: Make/test 
conjectures 

x        

CS: Analysis  x 

Some students 

had more 
experience with 

this topic than 

others 

   

Grouped more 

knowledgeable 
students with 

those who 

needed help 

Better 

communication; 

students could 
help each other 

CS: 
Exploration 

 x       

CS: Real-world 

applications 
x        

What are the primary learning objectives of this lesson? 

 To apply radical equations to a real-world activity. 

 To analyze data from a table to make and test a prediction. 

How does the curriculum represent the subject matter to the students? 

This is an activity designed to take the student through an investigation of pendulums. It 

represents mathematics as being useful for analysis of cause and effect. There is no instructional 

text. 

How does the curriculum take into account the students’ cultural, ethnic, or social backgrounds? 

The introductory pictures show a clock, a swing set, and an amusement park ride. Most students of 

this grade level (Algebra 2, grade 10) probably have experience with these items. There is no 

mention throughout the lesson that accounts for students’ cultural, ethnic, or social backgrounds. 

  



 

   272 

Appendix T 

Projects 

Patty 

I also do projects and therefore the kids that like a little more autonomy can go ahead 

and do a little research project where, like I did one with budgeting and taking a trip. 

They had a certain amount of money for their entire budget and they had restrictions on 

where they were going and how they would spend their money, etc. 

Christy 

So, I gave them a project to take a recipe and make, their ingredients, they had to have 

at least three ingredients with different fractional values like 1/4 cup, or 2/3 cup, 

different fractional values. Part of the project was to double the recipe. Multiply every 

fraction by two, and then to cut the recipe in half, so multiply every ingredient by 1/2. 

… That way they actually not just do the math, but actually go make the recipe, 

whether it's enchiladas or brownies, because sometimes you want to double a recipe 

and sometimes you want to just cut it in half. Hopefully that made some connections, 

so they see math as not just about a bunch of homework. 

Christy 

I say, they've got about three or four weeks just to read it for fun, get to know the 

characters and the story, and then when we get to that lesson, you can re-read the book 

and you'll know what to look for. But it's, the project is to identify examples where the 

main character uses inductive and deductive reasoning to solve the murders. That's 

completely outside of math. They have to, when they find their examples, they actually 

write it in essay form. … That's a way to, instead of just, yeah, we do the paper-and-

pencil activities and we talk about if-then statements and logic and hypothesis and 

conclusion and the law of attachment and the law of syllogism, but then they get to see 

it in real life.  

Janet 

I can remember with the kids, I had this one kid who brought a Rubik's cube to school 

and it was just like a light bulb went off and we did this whole project for nine weeks 

on Rubik's cubes and patterns. It was amazing. It was the coolest thing and that was the 

kind of freedom that you have in that environment, but I haven't really done those types 

of things in this environment.  
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