
ABSTRACT 

ELROD, EMILY CALHOUN. Teaching mathematics for conceptual understanding: An 
examination of elementary and secondary teacher candidates (Under the direction of Dr. Cyndi 
Edgington and Dr. Temple Walkowiak). 
 

This embedded multiple-case qualitative study aspired to learn more about how 

elementary (K-5) and secondary (6-12) teacher candidates (TCs) incorporated and leveraged 

multiple representations to facilitate the development of conceptual understanding among their 

students. Research highlights the non-trivial nature of teaching mathematics for conceptual 

understanding, especially for novice teachers. Additionally, there is a need to investigate how 

teaching practices learned with teacher preparation programs (TPPs) are enacted in the 

classroom. This study examined how these TCs demonstrated the practice of teaching 

mathematics for conceptual understanding within their student teaching placement classroom, as 

evidenced by educative teaching performance assessment (edTPA) artifacts.   

This study’s findings suggest that TCs from both the elementary and secondary case 

planned for and implemented practices that can support conceptual development. The ways TCs 

engaged students included explicit connections between representations, as well as discourse and 

questioning practices. Both cases connected visual, symbolic, and contextual representations 

throughout planning, instruction, and assessment. The secondary case tended to enact more 

probing questions during instruction, whereas the elementary case planned for probing but 

tended to enact more gathering questions. Discourse moments were illuminated both in small 

group and whole group settings. While the depth with which each case demonstrated these 

practices that can support conceptual understanding development differed, data can be used to 

inform TPPs and beginning teacher support programs.  
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CHAPTER 1: INTRODUCTION 

The purpose of this embedded multiple-case qualitative study was to examine how 

elementary (K-5) and secondary (6-12) teacher candidates (TCs) demonstrated the practice of 

teaching mathematics for conceptual understanding within their student teaching placement 

classroom, as evidenced by educative teaching performance assessment (edTPA) artifacts. 

Specifically, the study aspired to learn more about how these TCs incorporated and leveraged 

multiple representations to facilitate the development of conceptual understanding among their 

students. 

Background of the Study   

The importance of studying how topics can be taught with conceptual understanding is at 

the forefront of recent reforms. Additionally, the use of representations to support this 

development is illustrated by practice and content standards (e.g., NCTM, 2014; CCSSM, 

National Governors Association Center for Best Practices, & Council of Chief State School 

Officers [NGA Center & CCSSO], 2010). An example of how this may be accomplished can be 

seen in the use of an area model representation to understand multi-digit multiplication in the 

elementary standards. This area model can then be utilized in fourth grade to study the geometric 

concept of area. The area model framework, serving as a representation, can be continued 

through the conceptual development of fraction operations, operations with polynomials, and 

factoring. This provides just one example of how conceptual development, and the use of 

mathematical representations can support concepts from elementary to high school (NGA Center 

& CCSSO, 2010). When conceptual understanding is prioritized in the classroom, the 

foundational work has been laid to support the development of procedural fluency and robust 

conceptualization (NCTM, 2014).  
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Additionally, specifically for mathematics standards and the implementation of Common 

Core State Standards of Mathematics, the Standards for Mathematical Practice provide the 

foundation for how students should be actively engaged in the mathematics classroom (NGA 

Center & CCSSO, 2010). These practice standards were developed on the basis that students 

have conceptual understanding to construct and critique arguments, make sense of and reason 

through problems, and notice patterns in mathematics. The development and implementation of 

such practices cannot reach an apex unless students have experiences understanding the 

mathematical concepts in a meaningful and concrete manner.  

While there is evidence to support the use of representations within conceptual 

development, the key to this is ensuring that teachers have deep knowledge of the mathematics 

and understanding of how to effectively utilize representations. As the focus of current 

educational policy is on developing student conceptions to harness procedural fluency, the 

utilization of instructional practices, materials, and strategies for which deep understanding is 

developed is of utmost importance (NCTM, 2014). To support conceptual understanding 

development within the mathematics classroom, teachers can employ effective teaching practices 

such as intentional inclusion of representations, creating a culture of discourse and questioning, 

and situating the mathematics within context.  

Significance  

Many practicing teachers complete a traditional teacher preparation program (TPP). 

Within these programs not only do teacher candidates complete content specific courses, but they 

also experience pedagogically focused methods courses, typically situated within education 

departments. Within many of these educationally focused courses, teacher candidates learn 

about, experience, and observe what the program considers to be effective teaching practices. 
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The intent of each program is that these learned practices be enacted within the teachers’ own 

classrooms. However, there is a need to investigate the extent to which teaching practices learned 

are enacted (Jansen et al., 2017). In a review of articles published in 2012 within four major 

teacher education journals, Sleeter (2014) found that only eleven studies, or 6% of the ones 

reviewed, focused on the impact of preservice teacher preparation or professional learning 

opportunities on student achievement or teachers’ practice. This suggests that more research 

needs to be completed within this realm. Additionally, Sleeter (2014) posits that for the studies 

analyzed, more qualitative data needs to be produced. This is a way that case study methodology, 

as used in this study, can contribute to the relevant literature base for mathematics teacher 

educators. 

Research suggests that teacher education may influence the extent to which teachers 

teach for conceptual understanding (Jansen et al., 2017). This study will add to the scholarship 

around how practices learned within the teacher education program are realized within the 

classrooms of preservice teachers. The teacher education programs for which all of the TCs in 

the current study matriculated have a central focus on utilizing multiple representations, 

undergirded by teaching for conceptual understanding. Thus, it is likely that these experiences 

influenced how these teacher participants enact reform-oriented mathematics instruction, by 

focusing on developing conceptual understanding and incorporating representations into their 

practice.  

Additionally, this study will be analyzing TCs from two grade bands, elementary (K-5) 

and secondary (6-12). Much of the current literature around transfer of practices learned within 

teacher preparation programs are situated around a single grade band or program, such as only 

elementary or only secondary (e.g., Jansen et al., 2017; Yang, 2012). Thus, examining 



  4 

 

relationships within and between TCs from various grade-band programs provides an 

opportunity to highlight differences that are evident from this sample of teacher candidates. 

Furthermore, this study can advise the programs involved in this study of ways in which teaching 

practices are realized in preservice teachers’ classrooms, thereby providing information that 

could help guide future programmatic modifications. While the findings in this study are not 

generalizable to other settings, other TPPs can certainly reflect on the findings in light of their 

own elementary and/or secondary programs and how they might systematically investigate a 

similar phenomenon.   

Research Questions 

The purpose of this embedded multiple-case qualitative study was to examine how 

elementary (K-5) and secondary (9-12) TCs demonstrate the practice of teaching mathematics 

for conceptual understanding within their student teaching placement classroom, as evidenced by 

edTPA artifacts. Specifically, the study aspired to learn more about how these TCs incorporated 

and leveraged multiple representations to facilitate the development of conceptual understanding 

among their students. This study aims to address the following research questions:  

As evidenced by edTPA artifacts,   

1. How do TCs plan for instruction using multiple representations in ways that foster 

conceptual understanding development?  

2. How do TCs implement and reflect on instruction using multiple representations in ways 

that foster conceptual understanding development? 

3. How do TCs assess student understanding using multiple representations in ways that 

foster conceptual understanding development? 
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4. What are the similarities and differences in the nature of incorporation of multiple 

representations during mathematics planning, instruction, and assessment in different 

grade bands? 

Overview of Methodology 

To answer my research questions, an embedded multiple-case qualitative study was used 

to understand how practices learned within TPP were evidenced during TCs’ mathematics 

student teaching, specifically through a conceptually focused lens and the use of multiple 

representations, as evidenced by edTPA artifacts. Data from selected components of the TCs’ 

educative teaching performance assessment (edTPA) were used to provide evidence of the TCs’ 

practices at the conclusion of their TPP. Data analysis occurred iteratively to code for how 

multiple representations and evidence of instructional practices for teaching mathematics 

conceptually were included within planning, instruction, and assessment. Initial coding was 

based on this study’s conceptual framework, with emergent codes resulting from evidence in 

data. Analysis of each case, as well as cross-case analysis was completed. Due to the impact of 

the COVID-19 global pandemic during this study, the scope was reduced from the initially 

proposed study design, limited to analysis of edTPA artifacts.  

In the next chapter, theoretical foundations and relevant literature will be shared that 

connects teaching mathematics conceptually, representations, and teacher development. The 

literature review chapter will culminate in the development of this study’s conceptual 

framework. Chapter 3 will detail the methodology and study design, including data sources, 

collection, and the data analysis process for this study. Chapter 4 provides findings from analysis 

of the elementary case, while chapter 5 presents evidence from the secondary case. Chapter 6 

describes the cross-case analysis and discussion.   
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Important Definitions 

Clinical teacher – a practicing teacher who opens their classroom to a teacher candidate to 

complete practice-based experiences, including student teaching. This is synonymous with terms 

such as supervising, cooperating, and mentor teacher.  

  

Conceptual understanding – understanding that encompasses connections among concepts, 

procedures, ideas.  

 

Educative teaching performance assessment (edTPA) – a subject-specific assessment that 

includes three tasks (planning, instruction, and assessment) that require teacher candidates to 

complete a cycle of effective teaching (SCALE, 2017) 

 

Mathematical representation - visual, symbolic, verbal, physical, and contextual modalities of 

mathematical concepts (Lesh, Post, & Behr, 1987). For example, a visual representation could 

include drawing an area model for multiplication of multidigit numbers (NCTM, 2014).  

 

Reform-oriented mathematics teaching (or classrooms) - focus is shifted from teacher-centered 

instruction to a more student-centered environment (such as opportunities to discuss) where 

conceptual understanding supports procedural skill acquisition.  

 

Teacher candidate (TC) - an undergraduate student who is in the preparation phase to become a 

licensed teacher, synonymous with preservice teacher (PST).  
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CHAPTER 2: LITERATURE REVIEW 

In this chapter I will describe the theoretical underpinnings, relevant literature, and 

conceptual framework for the research study. First, I define the constructs of understanding and 

knowledge. Next, conceptual understanding and key tenets to support conceptual understanding 

in mathematics will be presented. Teacher development from the lens of teacher preparation will 

follow. Finally, harnessing the theoretical foundations, the conceptual framework for research 

study will be described.  

Understanding and Knowledge 

To begin the theoretical foundations, the ideas of understanding and knowledge must be 

defined. For this study, the term conceptual understanding is used to encompass characteristics 

of conceptual knowledge and the connections made between concepts to build understanding. 

Conceptual understanding is fundamental to knowing the reasoning behind mathematical 

concepts and the connections and relationships among such concepts. Skemp (1978) delineated 

understanding in two ways: instrumental and relational. Instrumental understanding is defined as 

“rules without reasons” (Skemp, 1978, p. 9). In contrast, relational understanding is “knowing 

both what to do and why” (Skemp, 1978, p. 9). Understanding can be accomplished only if the 

idea, concept, or fact becomes internalized and part of a “network of representations” (Hiebert & 

Carpenter, 1992, p. 67). Furthermore, a robust understanding is accomplished when the internal 

network is connected to existing networks to create more sophisticated and cohesive networks. 

This can be accomplished through connections built on similarities and differences, as well as 

those built around inclusive notions (Hiebert & Carpenter, 1992). Understanding accomplished 

through similarity and difference relationships may join pieces of information at the same level, 

rather than connected in a hierarchical nature. An example of developing this type of 
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understanding can be seen as students use physical materials to model addition then build a 

connection to the symbolic representation of the concept through numerals and symbols. This 

type of understanding builds a “coherent mental network in which all pieces are joined to others 

with multiple links” (Hiebert & Carpenter, 1992, p. 68). Inclusive connections are typically 

developed through generalization and special cases, likely attributing a higher order model. An 

example is how children understand structures for story problems (e.g., part-part-whole; 

Carpenter et al., 2014); they move from interpreting a problem as a special case to developing 

mental schemas they can apply across similarly structured problems. The networks of 

understanding created here provide an overarching understanding of part-part-whole problems 

with other specific relationships undergirding those connections (Hiebert & Carpenter, 1992). 

Students’ understanding of mathematics is formed by multiple networks that are created as 

connections of various concepts are developed.  

Progressing towards a relational understanding of mathematics requires that both 

conceptual and procedural knowledge evolve as learning occurs. Instrumental understanding is 

similar to procedural knowledge, while relational understanding can be likened to conceptual 

knowledge. For the purposes of this study, the terms conceptual understanding and procedural 

understanding will be used. The development of conceptual and procedural knowledge do not 

occur in silos, rather it is likely that learners use conceptual knowledge to adapt and apply 

procedures (Rittle-Johnson & Alibali, 1999).  

Controversy surrounding the distinction between conceptual and procedural knowledge 

has been years in the making within mathematics education (Hiebert & Lefevre, 1986). 

Historically, concepts and procedures were viewed as disjoint, requiring educators to determine 

what amount of instructional attention would be paid to one versus the other. For over thirty 
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years, attention has been paid to the interconnected nature of conceptual and procedural 

knowledge, and the inevitability that all knowledge cannot be categorized uniquely (Hiebert & 

Lefevre, 1986).  

Procedural knowledge can be thought of as being composed of two parts. The first being 

familiarity with the language of mathematics, including knowledge of symbols and appropriate 

syntax. This familiarity does not equate to an individual maintaining a knowledge of the meaning 

of such notation. Procedural knowledge also includes being able to execute algorithms, rules, and 

procedures. Within the procedures learners may be manipulating symbols or operating on objects 

or diagrams (Hiebert & Lefevre, 1986). Conceptual knowledge requires that connections among 

ideas be made to create networks. Such networks are connections of relationships among facts 

and ideas as used in Hiebert and Lefevre’s definition of conceptual knowledge (1986). This type 

of knowledge can flourish when previously independent knowledge becomes connected, as well 

as bringing new material into existing networks (Hiebert & Lefevre, 1986), what Piaget (1964) 

referred to as “assimilation.” Historically, procedural and conceptual knowledge were viewed as 

separate entities within the mathematics classroom. However, linking procedural and conceptual 

knowledge bases together provides a more robust mathematical foundation where relationships 

between concepts, symbols, and procedures are fundamental to mathematics learning (Hiebert & 

Lefevre, 1986).  

Researchers have been studying connections between procedural and conceptual 

knowledge (e.g., (Ohlsson & Rees, 1991; Rittle-Johnson & Star, 2007; Star, 2005). For example, 

in Rittle-Johnson and Alibali’s (1999) study they examined assessments completed by students 

in grades 4 and 5 before and after a lesson on equivalence. The instruction was either 

conceptually focused or procedurally focused. Findings from the assessment results indicate that 
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students who were taught conceptually increased in their conceptual understanding and were also 

able to flexibly use their understanding to determine a correct procedure. Students in the 

procedurally focused classroom increased their conceptual understanding as well; however, they 

were not as successful as the conceptual group in applying the procedure for novel problems 

presented on the transfer test (Rittle-Johnson & Alibali, 1999). These results highlight the 

interconnected nature of conceptual and procedural knowledge and how development of 

conceptual knowledge and understanding may have a greater influence on procedural knowledge 

and flexibility. Linking the ideas of relational understanding (Skemp, 1978) and conceptual 

knowledge (Hiebert & Lefevre, 1986), Hiebert and Grouws (2007) define conceptual 

understanding as “mental connections among mathematical facts, procedures, and ideas” (p. 

380). It is notable that these scholars emphasize procedures as a critical component of conceptual 

understanding. Additionally, when developing conceptual understanding, students must 

participate in a community of learners who are also building connections among the concepts 

(Hiebert & Grouws, 2007).  

Conceptual Understanding 

Conceptual understanding is a key tenet of current mathematics education reform efforts 

(National Council of Teachers of Mathematics [NCTM], 2014). The current mathematics 

educational reform movements, spearheaded by national professional organizations like NCTM 

(2000, 2014) and through the adoption of content and process standards, such as the CCSSM 

(NGA Center & CCSSO, 2010), have conceptual understanding as a key principle for effective 

mathematics teaching. Thus, it is imperative that educators utilize instructional practices that 

facilitate the development of such understanding.  
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Conceptual understanding is “an essential component of the knowledge needed to deal 

with novel problems and settings” (NCTM, 2000, p. 20). Conceptual understanding can be built 

from prior knowledge by making connections with new and old ideas (Piaget, 1964). These 

connections between new and existing concepts provide students with a firm foundation to 

progress through mathematics (NCTM, 2000). Generalizations can also be formed by building 

on both conceptual and procedural knowledge (Ross & Willson, 2012). Teaching for conceptual 

understanding is an approach where students construct meaning through contextual situations 

and are able to develop problem solving skills (NCTM, 2000). Hiebert and Grouws (2007) 

explicate two key features of teaching for conceptual understanding: (1) “teachers and students 

attend explicitly to concepts” (p. 383); and (2) “students struggle with important mathematics” 

(p. 387). To support conceptual understanding development within the mathematics classroom, 

teachers can employ effective teaching practices such as including representations intentionally, 

creating a culture of discourse and questioning, and situating the mathematics within context. 

Relevant literature surrounding these strategies will be described in the sections that follow.   

Representations 

The inclusion of representations in mathematics instruction and tasks is one way to make 

linkages between concepts. Some researchers posit that representations can be internal as 

learners make sense of the mathematics or external to illustrate symbols and the abstract nature 

of mathematics; however, both forms can influence each (Pape & Tchoshanov, 2001). Building 

on Lesh, Post, and Behr’s (1987) conceptualization of representations, NCTM (2014) illustrated 

and emphasized the connections among types of representations, as seen in figure 1. The abstract 

nature of mathematics necessitates the inclusion of representations for individuals to more 

robustly understand concepts and to make sense of the mathematics (NCTM, 2014; NRC, 2001). 
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The broad definition of what constitutes a representation, as seen in Figure 1, makes it possible 

to realize the varied means in which teachers and students can demonstrate their understanding. 

The image highlights the interconnected nature of all representations and how each one can 

contribute to a more holistic understanding of mathematical concepts. Representations not only 

serve as a mechanism for advancing students’ understanding, but they also serve as catalysts for 

mathematical discourse (Arcavi, 2003; NCTM, 2014; Stylianou & Silver, 2004).  

Multiple representations are called for in Principles and Standards for School 

Mathematics (NCTM, 2000) and should be included strategically within the mathematics 

classrooms, such that students are able to construct and critique representations collaboratively to 

make sense of and harness skills that can transfer to new and different situations (Terwel et al., 

2009). As seen in the previous section, the term representations in mathematics can be thought of 

through various lenses. For this study, mathematical representations encompass visual, symbolic, 

contextual, physical, and verbal modalities. Visual representations provide concept images of the 

mathematics, while symbolic representations employ mathematical notations. Contextual 

representations provide opportunities for students to make sense of mathematics through 

situations they encounter in school, at home, and in their community and world. The use of 

tactile materials provides opportunities for students to make sense of mathematical concepts 

concretely with physical representations. Verbal representations use words and language to 

express mathematical concepts. For this study, verbal representations are being interpreted to 

include mathematical discourse and questioning within the classroom. The modalities of 

representations that will be focused on within this study include verbal, visual/physical, and 

contextual. Visual and physical are combined since physical models are often translated into 

visual models to connect concrete to abstract. Symbolic representations are not a focus as these 
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types of representations alone do not develop conceptual understanding, though it will likely be 

illustrated within the data. Connections among these types of representations will also be 

indicative of opportunities to promote conceptual understanding.   

Figure 1  

Connections Among Mathematical Representations (NCTM, 2014, p. 25) 

 

Note. NCTM (2014) identifies five critical types of representations and connections among them. 

The inclusion of representations within mathematics classrooms is met with mixed 

research. On one hand, the inclusion of singular representations or clearly connected 

representations is considered quality teaching, moving beyond a traditional vision of “teacher as 

deliverer of knowledge” (Lampert et al., 2013). Others claim that multiple representations 

situated around the same concept provide a more robust learning experience for student 

construction of understanding and illustrate ambitious mathematics teaching practices (Lampert 

et al., 2013). Research posits that the inclusion and flexible use of multiple representations builds 
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conceptual connections for students and provides opportunities to minimize the cognitive load 

for learners (e.g., Ainsworth, 2006; Cai, 2005; Goldin & Steingold, 2001). However, other 

research has shown that the inclusion of multiple representations can inhibit mathematics 

learning due to the resulting increased cognitive burden when learners are making sense of all 

representations presented (e.g., Moreno & Durán, 2004; Seufert, 2003; White & Pea, 2011). In 

the sections that follow, these competing arenas of thought will be further explicated.  

Support Mathematics Learning 

Research suggests that when students can interact with appropriate mathematical 

representations aligned with learning objectives their understanding can be deepened (Vergnaud, 

1998). Utilizing multiple representations to illustrate mathematical concepts provides 

opportunities for students to develop reasoning, make sense of connections, and utilize the 

inherent structures present in mathematics. Vergnaud (1998) asserted that a concept is more 

involved than a simple definition, as it “refers to a set of situations, involves a set of different 

operational invariants, and its properties can be expressed by different linguistic and symbolic 

representations” (p. 177). The inclusion of multiple representations is especially important in 

light of mathematics reforms over the past three decades, which shift the focus of mathematics to 

one that is more based on problem solving and flexible thinking (Ainsworth et al., 1998). 

Furthermore, Cai (2005) posits that to deeply understand mathematics is for students to be able 

to move “fluently within and between different representations” (p. 139) to express their ideas 

and conjectures. If students are to develop skills which permit them to move among 

representations, it is imperative that connections be made explicit through the work within the 

mathematics classroom.  
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The saliency of representations illustrates the need for scaffolding to support student 

reasoning with representations (Dreher & Kuntze, 2015). Connections among representations 

have proven to be challenging for students to make on their own (Dreher et al., 2016); however, 

developing those relationships is important for robust student understanding of mathematical 

concepts. Utilizing multiple representations within instruction can help develop rich 

mathematical understandings and flexibility with mathematical structures (Dreher et al., 2016; 

Stylianou & Silver, 2004). When representations are implemented with fidelity during 

instruction, teachers provide the foundation for students to be able to approach a problem from 

various angles, making use of multiple representations as a tool to support their reasoning 

(NCTM, 2014). Thus, building connections among multiple representations is important so that 

students can develop the linkages between representations of concepts in order to translate 

among them as they are harnessing their problem-solving skills (Dreher & Kuntze, 2015; Lesh et 

al., 1987; NCTM, 2014). 

Conceptual Understanding, Problem Solving, and Connections. Multiple 

representations can provide a foundation for students to enhance their conceptual understanding 

of mathematics concepts (Acevedo Nistal et al., 2009), but only if the learners are supported in 

their endeavors to create connections between the representations (Dreher & Kuntze, 2015). An 

understanding of the interwoven nature of mathematics concepts and representations is a 

defining aspect of conceptual understanding and the harnessing of critical thinking and problem- 

solving skills (Bayazit, 2011). In a study of preservice secondary mathematics teachers, Bayazit 

(2011) explored how flexibly students move between algebraic and graphical function 

representations. The results revealed that most students in the study were dependent on the 

algebraic expression to make sense of the function; however, the students who demonstrated 
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flexibility in their representational understanding productively engaged with unfamiliar 

situations (Bayazit, 2011). Goldin and Steingold (2001) position representations as a 

fundamental goal of mathematics education, claiming that representations “cannot be understood 

in isolation” (p. 1), rather the internal representations of learners as they correspond to the 

external representations within the system of mathematics must be developed and connected. 

Greeno and Hall (1997) assert that representations are useful tools for developing and 

communicating information and understanding. Multiple representations enable learners to enact 

knowledge that is more robust and flexible than those learners who only experience and use 

singular representations (Acevedo Nistal et al., 2009).  

While singular representations provide some information regarding the mathematical 

concept, restricting explanations to one representation limits the understanding available for 

students, as one representation cannot describe all facets of the mathematical concept or 

connections to other areas within mathematics (Bayazit, 2011; Elia et al., 2007). Mathematical 

ideas can be presented in a multitude of ways, with each representation highlighting differing 

features, each providing unique resources for conceptual understanding and problem solving 

(White & Pea, 2011). The representation standard within the Principles and Standards for 

School Mathematics (NCTM, 2000) argues that “different representations can be used to 

illuminate different aspects of a complex mathematical concept or relationship” (p. 68). 

Furthermore, instructional situations where students are expected to flexibly and fluently utilize 

various representations are more effective in supporting students’ understanding of mathematical 

concepts and their development of positive mathematical dispositions than learning opportunities 

that do not include multiple representations (Heinze et al., 2009). Thus, it is imperative that 

learners have opportunities to engage with multiple representations of mathematical concepts 
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and develop connections among them to gain a more global and holistic understanding of 

mathematics (Elia et al., 2007; Gagatsis & Shiakalli, 2004). 

Incorporating multiple representations within instructional practices can support and 

strengthen students’ learning processes as they each can provide information regarding 

mathematical concepts in various ways such that a new image of the concept can be realized 

(Moreno & Durán, 2004). Various representations illustrating the same abstract mathematical 

concept help students establish understandings and linkages between the representations in such 

a way to foster better transfer of knowledge to new situations and concepts (Moreno & Durán, 

2004). The research of Ding and Carlson (2013), completed within a two-week graduate summer 

course for practicing kindergarten through third-grade teachers, explored how using and 

connecting representations to highlight an abstract mathematical concept can support planning 

reform-oriented mathematics lessons. In their study, the hypothesis was that elementary 

mathematics teachers would utilize “concreteness fading” (Ding & Carlson, 2013, p. 362) within 

their lesson plans to form bonds between the concrete representations and the abstract concepts. 

Concreteness fading is based on cognitive psychology (Goldstone & Son, 2005) as a way to link 

concrete representations, first as a story problem or situation related to a student’s world, then as 

a semi-concrete representation such as a number line, before moving to abstract mathematical 

symbols. This process of moving on a continuum of concrete to symbolic is akin to Bruner’s 

(1964) enactive, iconic, and symbolic representations. Ding and Carlson (2013), in looking 

longitudinally from the initial week of the course until two weeks after the conclusion of the 

course, found that more teachers’ plans included the use of concrete representations as well as 

connections between concrete and abstract forms. This method of initially supporting student 

learning through familiar situations and representations can build the foundation for students to 
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construct understandings and meanings of the interconnected nature of representations and 

mathematical concepts (Ding & Carlson, 2013).  

As learners interact with various representations, multiple aspects and characteristics of 

mathematical concepts can be realized. Different representations provide different entry points 

for learners to examine a concept through various modes. Understanding multiple representations 

provides opportunities for the learner to make sense of the relationships among and between 

representations and concepts, while also developing critical thinking and problem-solving skills 

(Even, 1998; Stylianou, 2010). As representations are objects of concepts, the appropriate and 

complete image of the mathematical concept is attained through the integration of several 

representations (Dreher & Kuntze, 2015). These concept images and flexibility in the use of 

multiple representations help students develop schemas (Graham et al., 2009) in ways that 

support more robust conceptual thinking. Student generation of representations can promote 

student ownership and encourage connections among and between representations. These 

representations can serve as an entry point for students’ internal reasoning to be made visible, as 

well as opportunities for learners to harness skills learned in one situation to apply to new 

situations (DiSessa et al., 1991; Terwel et al., 2009).  

Student Generation of Representations. Research suggests that student generation of 

representations can more completely support robust conceptual understanding compared to 

students only experiencing representations generated by the teacher or curriculum (e.g., 

Ainsworth, 2006; DiSessa et al., 1991; Greeno & Hall, 1997; Terwel et al., 2009). While the 

representation that students develop may help them take ownership in their learning process, 

generated representations may lack sufficient detail or helpfulness. Nevertheless, research (e.g., 

Terwel et al., 2009) suggests that self-created representations may be more productive in the 
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generation of mathematical knowledge and expertise than can be realized through 

representations that are ready-made and provided to the learner. Learners can harness their own 

sense-making to support their robust understanding of common mathematical representations, 

such as graphs and models, in addition to their critical thinking skills (Terwel et al., 2009). In 

their experimental study with fifth-grade students around the mathematical concept of 

percentages, Terwel et al. (2009) placed students into two conditions, one where all 

representations were provided, the other where guided co-construction with teachers positioned 

students as representation designers. The students who participated in the generation of 

representations had less difficulty in applying representations to new situations than their 

counterparts, highlighting how representations can support flexibility and problem solving 

(Terwel et al., 2009).  

The construction process of representations that provide adequate characteristics of the 

mathematical concept, including collaboration among learners, positions students to be more 

equipped to transfer knowledge to new situations and problems, often for which representations 

are not provided (Terwel et al., 2009). Through this iterative process of developing 

representations, constructing viable arguments for those representations, and critiquing 

representations developed by others, an opportunity arises for sociomathematical norms to be 

established within the mathematics classroom (Kazemi & Stipek, 2001). Additionally, as 

students come to understand, through their own creation of and collaboration around multiple 

representations, the applicability and conventions of certain representations, they are engaging in 

the kinds of activities that are common among those who use mathematics in their professional 

work (Greeno & Hall, 1997).  
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Representations as Tools. In many instructional situations, representations are used as 

though they are terminal components of mathematics concepts. However, as Greeno and Hall 

(1997) position representations, they should be used as tools within the classroom and in 

problem-solving situations, so that students understand the impact that such practices can have 

within professional arenas. Further, research suggests that representations, as dynamic tools, 

provide a means to initiate discussions. Within this discourse supported by tools, students can 

signify relationships and construct arguments within a collaborative space, where multiple 

strategies and understandings can be appreciated and accepted (Pape & Tchoshanov, 2001), as 

well as support strategies that can mitigate some of the cognitive load of making sense of 

multiple representations. 

Lessens Cognitive Load. A benefit of multiple representation use in the mathematics 

classroom is that, through such implementation, the cognitive load for learners can be minimized 

(Pape & Tchoshanov, 2001). Research suggests that the limits of working memory create deficits 

in the depth of knowledge complexity that learners can attain, especially in mathematics (Perkins 

& Unger, 1994). Thus, while the brain has a limit to its capacity, especially in working memory, 

representations can provide an avenue for assisting learners as they make sense of mathematical 

concepts, thereby lessening the cognitive load (Bayazit, 2011). The encoding that the brain must 

complete is lessened through “well-chosen external representations” (Perkins & Unger, 1994, p. 

7). For instance, Yung and Paas’ (2015) study explored the impact of computer-based visual 

representations on the learning of arithmetic operations and two-step word problems with fourth-

grade students. In this research the experimental group received the story problem in conjunction 

with a visual representation, while the control group received only the story problem. The 

cognitive load measurement was obtained by utilizing a 7-point scale of perceived difficulty to 
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which students responded, this measure has been shown to be a reliable proxy for cognitive load 

(Yung & Paas, 2015). Findings from this study suggest that not only did the students in the 

visual and story problem group perform better on a test designed to measure students’ 

comprehension of the content, but the cognitive load measures for the experimental group also 

indicated that those students “experienced the learning tasks as less difficult” (Yung & Paas, 

2015, p. 74) than the control group. The contributing nature of the visual model and the story 

problem provided space for students to make sense of the mathematics and develop 

understanding.    

Additionally, the different characteristics of various representations makes what 

Ainsworth (2006) defines as “computational offloading” (p. 185) possible. This idea focuses on 

how different representations can reduce cognitive effort when the learning focus of the activity 

is supported by equivalent representations. Although research (e.g., Acevedo Nistal et al., 2009; 

DiSessa et al., 1991; Greeno & Hall, 1997; Perkins & Unger, 1994; Terwel et al., 2009) has 

shown that multiple representation usage in the mathematics classroom can support the 

development of conceptual understanding and provide a means for minimizing cognitive 

demands, there is research (e.g., Moreno & Durán, 2004; Rau, 2017; White & Pea, 2011) that is 

critical of this stance, contending that multiple representations can pose challenges for learners. 

Inhibit Mathematics Learning 

While advantages of utilizing multiple representations have been noted in literature, there 

are also limitations to including such tools within mathematics instruction. While these practices 

are certainly supported by recent reform efforts (NCTM 2000, 2014), the enactment of teaching 

for conceptual understanding and for flexibility when dealing with representations is not an easy 

feat, especially for novice teachers (Eisenhart et al., 1993; Lampert et al., 2013). Research 
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suggests that even with efforts to enact an emphasis on conceptually focused mathematics 

instruction, including the use of representations, many teachers have difficulty moving beyond 

practices centered around procedural knowledge and skills (Eisenhart et al., 1993). This is often 

a result of an underdeveloped conceptual understanding within the teacher’s knowledge domain 

and a more fully developed structure for ideas of procedural knowledge (Eisenhart et al., 1993; 

Son, 2013). When students are presented with representational systems, it becomes necessary for 

sense-making to occur. This is not always an accessible feat for all learners. Additionally, the 

cognitive requirements that are incurred when using multiple representations can disadvantage 

certain groups of learners (Moreno & Durán, 2004; Rau, 2017). 

Making Sense of All Representations. Representing mathematical concepts in a myriad 

of ways is important for a robust mathematical understanding. However, each representation that 

learners are exposed to requires them to make sense of the appropriate usage and interpretation 

of each representation and how it connects to the mathematical concept (Ainsworth, 2006; 

Dreher & Kuntze, 2015; Pape & Tchoshanov, 2001). Learners must assimilate the information 

depicted in the representation as well as learn concepts from the representations, which Rau 

(Rau, 2017) calls a “representational dilemma” (p. 719). The conundrum occurs as students are 

attempting to learn new content they do not completely understand, while at the same time 

making sense of how this new information is explicated through the representation (Rau, 2017).  

To reap the benefits of using multiple representations for student understanding, learners 

must “learn the conventions that regulate the way the representation is used, how it relates to 

reality, and how it relates to other representations of the same concept” (Acevedo Nistal et al., 

2009, p. 628). This can be overwhelming for students, especially young children (Moreno & 

Durán, 2004) as they are navigating the realms of understanding the abstract mathematical 



  23 

 

concept and the corresponding multiple representations. Additionally, Pape and Tchoshanov 

(2001) posit that the representations that are presented to students from curricular materials could 

be inaccessible to learners, especially novices, since they were developed by experts in the field 

who have attained coherence of the connections and concepts.  

Research suggests that for multiple representations to complement mathematical learning 

and help bolster problem solving skills, students must have an understanding characterized by 

three skills learned through practice: the ability to make sense of visual representations, the 

ability to coordinate connections and translations among representations and their corresponding 

mathematical concepts, and the ability to make informed decisions regarding the choice of an 

appropriate representation (Acevedo Nistal et al., 2009). Additionally, if learners are not able to 

connect their understanding of the concept between representations or translate the information 

provided by the representations, the benefits of multiple representations will not be realized 

(Ainsworth et al., 2002). Gagatsis and Shiakalli’s (2004) study, which was situated around 

function understanding, found that many university students lacked a robust cognitive structure 

for understanding this foundational mathematical concept. A lack of understanding was 

evidenced by the students’ inability to realize a graphical and a verbal representation as different 

ways of representing the concept of functions; rather they viewed them as representations for 

different tasks (Gagatsis & Shiakalli, 2004).  

Ainsworth (2006) posits that students have difficulty understanding the intended 

connections of multiple representations that serve as objects for mathematical concepts. The 

relationships among representations that are often implied in teachers’ instruction, making the 

assumption that students will make connections, can often be overlooked by students, as they are 

unable to notice the translations among representations. This lack of noticing can inhibit student 
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learning as the absence of the connections leads to difficulty in understanding mathematical 

concepts (Bayazit, 2011). Often these complications arise due to the apparent nature of the 

equivalence of meaning found through connected representations (Gagatsis & Shiakalli, 2004), 

that is, how similar the representations are to one another and to the abstract concept they 

describe (Ainsworth, 2006; Ainsworth et al., 2002). In a study of mixed ability pupils aged 9 to 

11, Ainsworth and colleagues (2002) investigated how a computer-based intervention served to 

support the participating students’ computational estimation. Within the computer intervention, 

varying modalities of representations were generated for students. For instance, in some 

iterations of the intervention students were provided two different pictorial representations, while 

others were provided with a graphical representation and a numerical representation. Findings 

suggest that students were able to make connections among representations that were more 

similar than different. This suggests that when representations are not similar in modality, 

without explicit connections being made by the intervention, students are less likely to form 

those connections independently. The researchers found that the students within the pictorial and 

numerical representation groups improved significantly, whereas the students in the mixed 

representations did not. These findings highlight the benefit that multiple representations can 

provide for student learning when instruction specifically emphasizes translations among 

representations.  

Some translations between representations can be made directly, while others require a 

coordinated approach, mediated by an additional representation (Ainsworth et al., 2002; Bossé et 

al., 2011). Students must be able to “learn...equivalences” (White & Pea, 2011, p. 492) that are 

understood in the mathematics domain, which may hamper the ability for students to recognize 

connections of various representations (Thompson & Sfard, 1994; White & Pea, 2011). The 
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myriad of negotiations required for a student to make sense of all representations and their 

connections is not trivial. When multiple representations are used in the classroom, as tools for 

which conceptual understanding can be strengthened, there is potential for those instances to 

minimize the cognitive burden. However, there are uses of representations that begin as useful 

tools but end as a constraint on the learning process when they pose a “cognitive obstacle” 

(Goldin, 2002). 

Increases Cognitive Burden. While multiple representations can lessen cognitive load 

as described earlier in this chapter, there are researchers who have found that, for some students, 

the incorporation of multiple representations within mathematics instruction is a hindrance to 

their learning because cognitive load is increased (Perkins & Unger, 1994). While not all 

students are met with a heightened cognitive load, for students with less developed prior 

knowledge, the cognitive load is exacerbated (Seufert, 2003). University students in Seufert’s 

(2003) study, who were identified as having less developed prior knowledge, focused on surface-

level features of representations, rather than diving deeper into the conceptual realm and were 

also unable to make use of directive help provided. Students must make sense and construct 

relationships both “within and between different representations” (Seufert, 2003, p. 228), thus 

placing a great amount of cognitive load for the student.    

While the representational system of mathematics can provide a means for concepts and 

concept images to be streamlined, learners who are still constructing understanding and 

knowledge do not reap the benefits as readily (Perkins & Unger, 1994). Learners must attain 

what Rau (2017) states as “representational competencies” (p. 719) in order to use 

representations in a way to assist in problem solving; however, these skills are typically not 

learned without significant cognitive burdens such that instructional support is necessary. The 
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perceived system that students experience in their classrooms do not always illustrate the 

complexities that are present; thus, students must grapple with the intricacies of the concepts 

being represented, as well as make sense of the representations used to present the concepts 

(Perkins & Unger, 1994). Especially for novice learners, the usage of and interpretation around 

representations pose a “front end hump” (Perkins & Unger, 1994, p. 12) where they have to 

surpass the difficulties of understanding the characteristics of the representational tool, while 

simultaneously making sense of how the representations are related to each other and to abstract 

concepts. Building connections between representations of the same concept is not always 

explicit for students. The cognitive difficulty can be further exacerbated when students view 

representations of the same concept as unique entities, rather than understanding the relationship 

among them, leading to learners who possess fractured understanding and learning (Elia et al., 

2007). In Elia and colleagues’ (2007) study with grade 11 students, those who had the 

conception that different representations were distinct objects rather than different means of 

highlighting the same concept (in this case, functions) had less success completing items on an 

assignment. The researchers found that this was often due to the “direction of the conversion” 

(Elia et al., 2007, p. 545), for instance when students were asked to convert from a graphic to a 

symbolic form. This lack of sensemaking of the connected nature of the representational system 

limits the depth of learners’ conceptual understanding and the extent of their problem-solving 

skills (Bayazit, 2011; Bossé et al., 2011; Dreher & Kuntze, 2015).  

Developing conceptual understanding within mathematics instruction is supported by 

professional organizations (NCTM, 2000, 2014) and content and practice standards (NGA 

Center & CCSSO, 2010). Representations, as evidenced by the aforementioned literature, are 

important components of conceptual mathematics learning. However, when analyzing research 
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around representations, it is often situated within one grade band (e.g., elementary, middle 

grades, or high school) and not focused on inclusions of representations across grade bands. This 

study will serve to fill that void as analysis of the use of representations within mathematics 

instruction will be studied across grade levels to understand how representations are being 

utilized within instructional practices. For this study, evidence of teaching mathematics 

conceptually will be situated around representations in verbal, visual/physical, and contextual 

forms as well as connections among representations as indicative of such instructional practices.  

Discourse 

Verbal representations for this study, as previously mentioned, are interpreted to include 

discourse, thus discourse is a type of representation. Teaching for conceptual understanding 

involves engaging students in discourse as a means to support student sensemaking of concepts 

and other forms of representation through a “purposeful exchange of ideas through classroom 

discussion, as well as through other forms of verbal, visual, and written communication” 

(NCTM, 2014, p. 29). Student talk within a mathematics classroom supports teachers in 

understanding students’ mathematical reasoning, as well as assisting students with refining their 

understanding (Franke et al., 2009). Providing opportunities for students to engage in discussions 

about their mathematical thinking allows them to reconstruct or broaden their own understanding 

of a concept, recognize misconceptions, strengthen connections, develop new strategies, or make 

connections across concepts (Webb et al., 2019).  

Teachers play a critical role in facilitating discourse and providing space for student 

thinking to be expressed. Teacher feedback in the midst of classroom discussions can positively 

influence students’ learning. This is evidenced in a study by Ross and Willson (2012) where 

seventh- and eighth-grade classrooms were examined. The purpose was to understand how 
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constructivist approaches, including representations and student engagement, fostered the 

development of procedural knowledge and conceptual understanding within the area of algebra. 

The results revealed that “symbolic representations, facilitation of shared meanings, and 

receiving meaningful feedback from the teacher” (Ross & Willson, 2012, p. 126) had a 

statistically significant impact on students’ procedural and conceptual domains. This illustrates 

how important the teacher is in facilitating such practices.  

In order for the teacher to enact such instructional practices, a culture within their 

classrooms must be developed to appreciate discursive practices. Developing a “math-talk 

learning community” (Hufferd-Ackles et al., 2004, p. 81) is one way to support student 

understanding. Teacher actions are often the catalyst for the creation and evolution of spaces 

where student voice is welcomed in the classroom in a way that they are co-constructors of 

understanding (Hufferd-Ackles et al., 2004). These researchers focused within a case study on 

one third-grade teacher to understand the actions taken to facilitate such a culture of discourse. 

The teacher transitioned from answer-seeking questions to ones focused on mathematical 

understanding, with the expectation that students would maintain a substantial role in the 

discourse and questioning (Hufferd-Ackles et al., 2004). Within this study, a framework to 

capture “growth of the math-talk learning community over time” (Hufferd-Ackles et al., 2004, p. 

87) included four components to describe how teachers and students engaged in discourse 

practices. These components were questioning, explanations of mathematical thinking, source of 

mathematical ideas, and responsibility for learning. The descriptors for how teachers and 

students engage in these discursive practices and components are leveled from 0 to 3, with level 

0 being more of teacher-centered instructional practices and level 3 focused on the teacher as a 
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background facilitator where students are taking responsibility for the learning and discussion in 

the classroom (Hufferd-Ackles et al., 2004).  

Providing space for discursive practices to elicit and build on student thinking is not a 

trivial pursuit. Teachers must possess specific knowledge and skills to plan for and react to 

discussions within instruction. Teachers who implement discursive practices within their 

classrooms must consider multiple instructional actions to develop student thinking in 

meaningful ways (Cengiz et al., 2011). This was found to be evident for teachers of grades 1 

through 4 who were studied, all of whom were using a reform-oriented curriculum program. 

Observations garnered data on how teachers were able to facilitate whole-class discussions in 

ways that pushed student thinking, called “extending episodes” (Cengiz et al., 2011, p. 360). All 

teachers in the study exhibited moments where they developed student thinking, those 

occurrences categorized as: eliciting where thinking was made public, supporting where students 

were reminded of prior knowledge, and extending where students were prompted to move 

beyond the mathematical task at hand. Data from this study suggest that the teachers’ MKT plays 

a role in how the teachers were able to engage with student thinking and provide support to 

extend such conceptions. One teacher in the study, who was assessed to have more detailed 

MKT, had a plan for what student ideas to pursue and was able to recognize when to build on 

student thinking and make connections to other concepts. On the other hand, another teacher, 

with less sophisticated MKT, was unable to fully extend student thinking as they were unsure 

themselves of reasonable solution strategies or representations for concepts (Cengiz et al., 2011). 

Therefore, it is imperative for teachers to grow in their own understanding of mathematics and 

appropriate pedagogy to effectively facilitate mathematical discourse in their classrooms. One 
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way to accomplish this would be to provide teachers with frameworks to support facilitation of 

discursive practices.  

Herbel-Eisenmann, Steele, and Cirillo (2013) developed a framework to be used within 

professional development to help teachers consider how discursive practices can be incorporated 

within their instruction. The framework lays out teacher discourse moves (TDMs) as actions that 

teachers can intentionally plan for during instruction to create a discourse community within the 

mathematics classroom. These TDMs were adapted to position teachers as the curators of the 

discourse that occurs in the classroom. Six TDMs were included in their framework, including: 

waiting, inviting student participation, revoicing, asking students to revoice, probing a student’s 

thinking, and creating opportunities to engage with another’s reasoning (Herbel-Eisenmann et 

al., 2013, p. 183). From the pilot study using the TDMs, researchers found that teachers were 

changing how they were planning lessons to be more strategic in the inclusion of TDMs and 

more observant as to how to incorporate TDMs into instruction. Additionally, teachers within the 

pilot study noted how they were able, through the use of TDMs, to attend to and support the use 

of precise mathematical language (Herbel-Eisenmann et al., 2013). Other researchers have also 

focused on similar talk moves (e.g., Chapin et al., 2003). Teachers who intentionally plan for 

discursive practices, encourage student talk, and pose higher-level questions are likely to build a 

discourse community that supports students’ conceptual development (Huinker & Bill, 2017). 

Questioning. A key component to a discursive mathematics classroom, as evidenced in 

the aforementioned study by Hufferd-Ackles et al. (2004), is one that includes questioning. 

NCTM (2014) contends that meaningful discourse “relies on questions that encourage students to 

explain and reflect on their thinking” (p. 35). However, there is a fine line between questioning 

which can bolster learning of high-level mathematics and those that give students directed steps 
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in completing a task (Boaler & Brodie, 2004; Franke et al., 2009; Kazemi & Stipek, 2001). 

Wood (1998) studied the role of teacher questions in supporting student explanations of their 

understanding. The results of this study indicated that teachers used two different patterns of 

questioning. One approach included asking questions such that students were moved to a specific 

response requested by the teacher, called funneling, where “students’ thinking focused on trying 

to figure out the response the teacher wants instead of thinking mathematically for himself” 

(Wood, 1998, p. 172). In contrast, when students are pressed to consider the mathematical 

concepts themselves and engage in discussion around these ideas without a predetermined 

direction, this is called focusing. Within the focusing pattern, the culture communicated is one 

where meaning and understandings are constructed by the students themselves (Wood, 1998).  

In a study that examined the types of questions teachers asked and how those questions 

elicited students’ mathematical thinking, Franke et al. (Franke et al., 2009) provide evidence that 

teachers’ questioning can position student thinking in a way that supports their mathematical 

understanding. The researchers identified four types of teacher questions from the data: “general 

questions, specific questions, probing sequences of specific questions, and leading questions” 

(Franke et al., 2009, p. 383). General questions are ones that are not related to a specific student 

response, while specific questions address a specific portion of the student’s explanation. 

Probing sequences of specific questions were where more than two questions related to a 

student’s explanation were included with multiple teacher and student responses. Leading 

questions were ones for which students were guided toward particular answers or explanations 

(Franke et al., 2009). While there were a variety of question types highlighted within the study, 

the researchers found 66 moments of discussion between a teacher and an individual student to 

analyze, where 50 of those included teacher questioning regarding student explanations. These 
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discursive exchanges provided opportunities for students to refine their explanations as a result 

of continued questioning from the teacher (Franke et al., 2009).  

Opportunities for teacher and student interactions through questions and explanations 

were also found to be beneficial for reform-oriented teaching practices within Kazemi and 

Stipek’s (2001) study of four teachers teaching the same fraction lesson. Students’ explanations 

and conceptual development of concepts were more robustly attended to within two “high-press” 

(Kazemi & Stipek, 2001, p. 126) classrooms where teachers probed students for explanations 

that demonstrate their mathematical reasoning. The “low-press teacher-student interactions” 

(Kazemi & Stipek, 2001, p. 126) were situated around questions regarding procedural steps or 

asking simple yes/no questions. The high press classrooms in the study provide opportunities for 

students to wrestle with the mathematical concepts through holding all students “accountable for 

participating in an intellectual climate characterized by argument and justification” (Kazemi & 

Stipek, 2001, p. 135). The context for which the mathematical concepts are situated can serve as 

a catalyst for including discourse practices within mathematics instruction. 

Visual and Physical Representations 

Visual representations are concept images of the mathematics, while the incorporation of 

physical materials provide opportunities for learners to make sense of mathematical concepts 

concretely. Often physical representations are then made into visual representations to record the 

concrete idea in a way that is portable; therefore, these modalities are listed together for this 

study. For example, students learning about polynomials may use algebra tiles to demonstrate 

operations, then recreate their physical representation on paper to begin to bridge concrete and 

abstract ideas. Evidence has shown that utilizing manipulatives in mathematics helps support 

conceptual development and student learning more than abstract symbols and algorithms alone 
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(Carbonneau et al., 2013). Contrasting commercial curricula and the Rational Number Project 

(RNP; Behr et al., 1983) for ideas around initial fraction learning, Cramer and colleagues (2002) 

found that fourth and fifth grade students using RNP had significantly higher scores on the 

provided posttest and on a retention test. The emphasis behind the RNP is the inclusion of 

various physical representations and translations between modes of representations such as 

pictorial, verbal, and contextual (Cramer et al., 2002). This research highlights the importance of 

utilizing multiple physical and manipulative modalities over time to support the development of 

conceptual understanding for students, in this case around fraction concepts. 

Additionally, the inclusion of visual models provide support for student conceptual 

understanding, which structures knowledge in a way that promotes problem solving and 

flexibility (NCTM, 2014). For instance, in a study with fourth-grade students, Yung and Paas 

(2015) found that those students within the experimental group, where a visual representation 

supported a story problem performed better on a test to measure understanding of arithmetic 

operations and multi-step word problems. This contrasted with the control group who only 

received the story problem. Furthermore, content and practice standards (NGA Center & 

CCSSO, 2010) provide many explicit references to utilizing visual models and manipulative 

materials to successfully develop students’ understanding of mathematical concepts. Materials 

and visual models utilized should have clear connections to the content which they are 

supporting, and the classroom culture must be such that students feel comfortable using physical 

and visual modalities to make sense of the mathematics (Thompson, 1992).  

Contextual Problems 

Student learning can further be supported using real-world connections within 

mathematics (Lee, 2012). The importance of connections to realistic situations is undergirded by 



  34 

 

the guiding principles and practices emphasized by NCTM (2000). Story problems, or contextual 

problems, can be the medium through which students experience the “interplay between 

mathematics and reality and give a basic experience in mathematizing” (Sowder, 1989, p. 48). 

Contextual problems provide opportunities for students to develop robust understanding of 

mathematical concepts through applications in both the abstract and real worlds (Lee, 2012) and 

as a means of developing students’ understanding and flexibility in applying the mathematics 

they know (Verschaffel, 2002).  

Fennema, Franke, Carpenter, and Carey’s (1993) study situated around Cognitively 

Guided Instruction (CGI) followed a first-grade teacher who participated in CGI-based 

professional development for four years focused on using story problems to develop conceptual 

understanding of addition and subtraction and problem-solving strategies. Findings showed the 

teacher used story problems across units of instruction, not only during the addition and 

subtraction unit. The teacher and students used story problems almost exclusively to attend to 

mathematical concepts. As a result of these experiences, the researchers found that the first-grade 

students were flexible in their use of solution strategies and could solve a variety of problems. 

Additionally, the results from the study indicate that the children had developed conceptual 

understanding (Fennema et al., 1993). The use of story problems, in addition to the teacher’s 

attention to the children’s thinking made evident by such experiences, “enabled children in her 

classroom to learn mathematics” (Fennema et al., 1993, p. 581) in a way that exceeds the 

recommendations from professional organizations like NCTM (2000).   

Within a study of high school and college students, Nathan and Koedinger (2000) 

examined the representational forms that posed issues for students’ problem solving. The 

algebraic and arithmetic focused problems were presented in three forms: symbolic equations, 
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word equations that were context free, and verbal formats in context. Data from the study 

showed that students were significantly less successful solving symbolic equations as compared 

to solving their corresponding verbal problems (Koedinger & Nathan, 2004; Nathan & 

Koedinger, 2000). Contextual representations of mathematics concepts can support student 

sensemaking and understanding in ways beyond what only symbolic representations may be able 

to afford.  

As outlined here, past research has highlighted the importance of conceptual 

understanding development within mathematics classrooms (e.g., Acevedo Nistal et al., 2009; 

Rittle-Johnson & Alibali, 1999). A component of that understanding is utilization of 

representations, which have been shown to matter in the realm of mathematics learning (e.g., 

Dreher et al., 2016; Terwel et al., 2009), thus it is important to understand how teachers make 

use of representations in the classroom. Specifically for this study, representations within the 

verbal, visual/physical, and contextual domains will be of interest, as well as connections made 

among representations, as those are the ones determined for this study to be indicative of 

building conceptual understanding. Unlike past studies, this study examines how teacher 

candidates from both elementary and secondary grade bands translate teaching mathematics 

conceptually from their TPP experiences to their own instruction within their student teaching 

classrooms. This is of significance as most studies focusing on teacher incorporation of 

representations to build conceptual understanding have been situated within a single grade band 

(e.g., Jansen et al., 2017; Lloyd, 2013). In examining instructional practices enacted by novice 

teachers, it is also important to consider their development and growth as educators. For this 

study, the term teacher development will be used to include learning opportunities with TPPs and 

field-based experiences. 
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Teacher Development 

Teaching practices to support reform-oriented teaching can be initiated during the TPP 

and then continued to be developed through professional learning experiences. For teachers to 

facilitate the development of their students’ understanding of mathematical concepts, they must 

first have a deep understanding of the concepts themselves (Ball, 1990; Ball et al., 2005; Hiebert 

et al., 2019). This idea is connected to the theories surrounding pedagogical content knowledge 

(PCK) and specialized content knowledge (SCK) (e.g., Ball et al., 2005; Kleickmann et al., 

2013). Shulman (1986) includes “ways of representing and formulating the subject that make it 

comprehensible to others” (p. 9), namely representations of the concepts, within the realm of 

PCK. SCK is specific to the practice of teaching and involves: 

(1) developing meaning for concepts involved in achieving the mathematics learning goal 

of a lesson, (2) choosing representations, like concrete models or pictures, for finding 

solutions to problems that involve these concepts, and (3) justifying and explaining 

standard arithmetic procedures and problems that involve these concepts. (Morris & 

Hiebert, 2017, p. 527) 

These skills can be developed for teacher candidates within TPPs, prior to entering the classroom 

full-time.  

The importance of teachers’ conceptual understanding cannot be minimized (Bartell et 

al., 2013). Hill, Rowan, and Ball (2005) described their research around MKT, realizing that 

although student-level variables are typically the strongest predictors of achievement, teacher 

MKT was a statistically significant predictor of student achievement gains for both grades 

studied (grades 1 and 3). The teacher’s ability to support student reasoning through a lens of 

conceptual understanding and utilization of multiple representations can have impacts on student 
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achievement (O’Dwyer et al., 2015). To enact visions of reform-oriented mathematics 

instruction, teachers must possess deep knowledge of the mathematics content, “including 

knowing both how to solve problems and how to represent content in ways that are useful for 

teaching” (Steele et al., 2013, p. 451). Prior to the start of a teacher’s career, the practices that are 

consistent with reform-oriented mathematics teaching must be learned and supported during 

TPPs to build a foundation for future development. For this study, the term teacher development 

will be used to denote preservice teacher preparation experiences.  

Situated Learning Theory 

A theoretical underpinning of teacher development is that of a situative perspective 

(Borko, 2004; Chen & Cai, 2020). The foundation of this perspective is that teacher development 

occurs as an active process of attending to one's own knowledge and practices, with the context 

in which the learning occurs playing a key role (Borko, 2004; Chen & Cai, 2020). If instances of 

teacher learning are to be successful, it is imperative that the context in which it occurs be 

pertinent to teachers’ practice, as well as their instructional or knowledge base needs (Darling-

Hammond et al., 2017; Kennedy, 2016). Intentional learning situated within teachers’ practice 

and in collaboration with others provides the foundation for teachers to enact a change in their 

identity, knowledge, and instructional practices (Lieberman & Mace, 2010). Research 

surrounding teacher learning emphasizes the importance of context in which the learning occurs. 

Context matters for teacher learning (e.g., Opfer et al., 2011; Parise & Spillane, 2010).  

Preservice Teacher Development 

Teacher candidates enter TPPs with past experiences that impact their own attitudes, 

beliefs, and motivations for mathematics learning, as well as willingness to respond to 

mathematics reform efforts (Valentine & Bolyard, 2019). These experiences have been found to 
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be more negative for elementary mathematics teacher candidates, as many do not perceive 

mathematics as a strength or favorite content area (Valentine & Bolyard, 2019). Furthermore, 

many elementary teachers view mathematics as simply a list of rules and procedures (Heck et al., 

2019) and have typically taken fewer university mathematics courses than their secondary 

counterparts (Silver & Suh, 2014). The limited scope and depth of their mathematical content 

knowledge and their belief systems around mathematics teaching can stymie robust reform-based 

teaching practices (Stylianides et al., 2013).  

While secondary mathematics preservice teachers have typically taken more university 

level mathematics courses than elementary mathematics teachers, they are not beyond the realm 

of resisting reform-oriented teaching practices (Silver & Suh, 2014). Typically, many of the 

classes that secondary mathematics teachers have taken or observed have emphasized what most 

would consider traditional mathematics teaching and learning, with a spotlight on procedures and 

direct instruction. Secondary mathematics teachers are often successful in these types of courses; 

thus, they may have little reason to believe that mathematics teaching should look differently 

(Silver & Suh, 2014). Many teachers, both elementary and secondary mathematics, have 

experienced mathematics through the lens of memorization of algorithms; this runs counter to 

mathematics standards and curriculum over the past three decades calling for student-centered, 

conceptually focused mathematics classrooms (NCTM, 2000, 2014). In that vein, it is important 

that, if teachers are to implement instructional practices that support student sensemaking and 

problem solving, they experience this type of learning before enacting similar instructional 

activities (Hughes et al., 2015). The first formal instance of these experiences is within a teacher 

preparation program.  
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Teacher Preparation Program. As mentioned previously, teacher knowledge as it 

relates to SCK involves conceptual understanding and learning how to maneuver with 

representations and explanations. These are skills that can be developed within a TPP. “A key 

goal of teacher preparation programs is to prepare candidates to become effective classroom 

teachers who foster student learning” (Santagata & Sandholtz, 2019, p. 472). Instructional 

practices learned within a conceptually oriented TPP have the potential to influence similar 

practices within graduates’ own classrooms (Morris & Hiebert, 2017). However, the linkage 

between the theoretical practices learned during a TPP and the teaching practices enacted in a 

classroom can be difficult to connect (Morris & Hiebert, 2017). To help mitigate this failed 

connection, teacher candidates must experience authentic learning environments that are similar 

in nature to that of the reform-oriented mathematical teaching practices, thereby increasing the 

likelihood of enactment of such practices when they enter their teaching career (Grossman et al., 

2009; Morris & Hiebert, 2017). Furthermore, the paucity of scholarship on the extent to which 

teaching practices learned during TPPs are enacted within graduates’ classrooms illuminates the 

need to study novice teachers’ instructional practices early in their career (Jansen et al., 2017).  

Facilitating classroom practices to support development of conceptual understanding of 

mathematics content is a crucial component of reform-oriented mathematics instruction. Jansen 

and colleagues (2017) studied graduates from their elementary teacher education program to 

analyze the extent to which they taught for conceptual understanding during lessons on concepts 

emphasized in teacher preparation coursework and during lessons on concepts not emphasized. 

The teacher preparation program for which the teachers matriculated promoted reform-oriented 

instructional practices. The researchers focused on four instructional practices aligned with 

teaching mathematics conceptually: “(a) using disciplinary language to support sensemaking, (b) 
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employing visual representations, (c) pressing students to explain their thinking, and (d) using 

story problems” (Jansen et al., 2017, p. 229). The findings indicated that teachers were able to 

enact practices for teaching conceptually more readily around topics developed during their TPP. 

Specifically, disciplinary language and visual representations appeared in all lessons on topics 

developed within teacher preparation, but they did not appear in all topics not targeted. These 

findings suggest the interconnected nature of pedagogical knowledge and content knowledge, 

where teachers were better able to enact practices for conceptual understanding in conjunction 

with concepts for which their content knowledge had been developed (Jansen et al., 2017).  

In a similar study Lloyd (2013) focused on secondary mathematics teacher candidates’ 

transfer of practices illustrative of their teacher preparation program. The TPP, like Jansen et al. 

(2017), maintained a focus on preparing teachers to teach mathematics conceptually. Five 

participants were followed throughout their first two years of in-service teaching. Lloyd (2013) 

was focused on understanding what practices were being observed and whether or not they 

aligned with those taught within the teacher preparation program (TPP). Findings indicate that 

while some practices were not in alignment with those taught during preparation, “71% of all in-

service observations were coded as TPP practices” (Lloyd, 2013, p. 113). Included in the most 

frequently observed practices were discourse, connections among concepts, and addressing 

misconceptions.    

These studies suggest that while all practices focused on within teacher preparation are 

not always realized in classrooms, having experience with reform-oriented mathematics teaching 

can contribute to instructional practices enacted in novice teachers’ classrooms. Therefore, it is 

important to consider how teacher candidates from reform-oriented focused programs are 

transitioning instructional practices from their teacher preparation program to their student 
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teaching classrooms. One glimpse into how teacher candidates are initiating such practices is 

seen through a teaching performance assessment completed during teacher candidates’ student 

teaching, the edTPA.  

edTPA. Members of the teacher education community, in recent years, defined 

expectations for novice teachers leaving TPPs. The American Association of Colleges of 

Teacher Education (AACTE), “supported the development of a performance assessment that 

would set performance expectations for beginning teachers across the nation” (Sato, 2014, p. 

422). The impetus for a teaching performance assessment was to determine an alternative to 

paper and pencil assessments alone to determine teacher preparedness (Darling-Hammond & 

Snyder, 2000). While paper and pencil assessments can assess certain skills, they do not provide 

authentic contexts for the complex nature of teaching practices to be examined (Santagata & 

Sandholtz, 2019). Performance assessments, on the other hand, situate teacher candidates within 

authentic contexts to better harness the multifaceted nature of teaching, integrating multiple 

knowledge components in practice (Darling-Hammond & Snyder, 2000). These performance 

assessments can better bridge the gap between theory and skills learned within TPP courses and 

practice within a classroom setting, which is often a struggle for teacher candidates (Morris & 

Hiebert, 2017).         

To promote reform-oriented teaching practices many states have adopted the use of the 

educative Teacher Performance Assessment, or edTPA, to measure the performance of novice 

teachers exiting teacher preparation programs. edTPA is a teaching performance assessment, the 

first of its kind in the nation for teachers entering the teaching profession (Stanford Center for 

Assessment, Learning, and Equity [SCALE], 2017). The three tasks, which are the elements 

within the subject-specific edTPA, along with their corresponding rubrics, require that teacher 
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candidates, during field placement (typically student teaching), traverse through the cycle of 

effective teaching, which includes planning, instruction, and assessment of student learning 

(SCALE, 2017). The edTPA places emphasis on “(1) drawing from students’ prior knowledge 

and experience as instructional assets; (2) representing the subject matter in ways that meet 

diverse students’ needs; (3) analyzing classroom interactions and student work; and (4) using the 

results of those analyses to inform ongoing practice” (Meuwissen & Choppin, 2015, p. 6).  

This authentic performance assessment is educative in nature as teacher candidates are 

provided opportunities to learn the true nature of the teaching profession, an iterative and 

reflective cycle, while they complete this assessment. The evidence within edTPA includes 

“lesson plans, instructional materials, student assignments and assessments, feedback on student 

work, and unedited video recordings of instruction” (SCALE, 2017, p. 4). The portfolio and 

corresponding rubrics highlight that the central focus of teaching and thus student learning 

should be developing conceptual understandings and to engage with the content in meaningful 

ways (Sato, 2014). This performance assessment is but a moment in the teacher learning 

trajectory for teacher candidates. 

While the edTPA provides authentic contexts for supporting practice development for 

teacher candidates, it is not without constraints and controversy. The initial purpose for edTPA 

as a performance assessment was as a formative assessment to help bolster more consistent 

teaching practices within teacher education, with a subsequent intent to normalize teacher 

education programs to speak common languages. However, edTPA has shifted to a summative, 

high-stakes measure with scores being consequential for licensure, as well as used in evaluations 

of teacher preparation programs (Gitomer et al., 2021). Furthermore, research has been 

conducted which highlights how the edTPA can limit the enactment of some learned practices, 
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especially for TCs within critical pedagogy focused TPPs (e.g., Behizadeh & Neely, 2018). TCs 

within Behizadeh and Neely’s (2018) study reported that the structure and focus of edTPA 

limited their ability to enact practices for which their TPP had focused. Namely, the TCs 

critiqued the lack of dispositional awareness or acknowledgement within edTPA. The passion 

and care provided by teachers, especially within urban contexts, are important characteristics that 

the TCs’ TPP emphasized. Although there are constraints associated with performance 

assessments such as edTPA, the ability for TCs to “perform tasks that stem directly from what 

teachers do in their classrooms” (Sandholtz & Shea, 2012, p. 40) can provide rich learning 

experiences for TCs to bridge the gap between theory and practice. Additionally, these 

performance assessments can provide evidence for TPPs to enact curricular and programmatic 

changes (Polly et al., 2020).  

Summary 

The literature has highlighted one way in which conceptual understanding can be 

developed through using representations within instruction. Representations provide different 

ways to view mathematical concepts so that conceptual understanding can be fostered, and 

connections can be made between various representations and the mathematics they illustrate. 

Teacher support of interpretations and connections among multiple representations must be 

explicit within mathematics instruction to deepen student understanding. Reform-oriented 

mathematics instruction supports development of conceptual understanding of mathematics. 

Mathematics teachers must have opportunities within their teacher preparation programs to 

enhance their own mathematical understanding in ways that will support their own development 

and facilitation of such instructional practices. The use of a variety of representations, verbal, 

visual, physical, as well as contextual, can promote development of conceptual understanding. 
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This study is designed to better understand how teacher candidates incorporate representations 

within their mathematics instruction and what differences might exist between grade level 

teacher candidates. In the section that follows, the foundation for this study’s conceptual 

framework will be discussed.  

Conceptual Framework 

Attending to how teachers teach mathematics for conceptual understanding, there are 

many variables at play. As noted in the relevant literature, teaching for conceptual understanding 

is complex and requires that teachers build connections among varying types of representations, 

including providing relevance through contextualized situations and discursive practices to 

promote the development of student understanding. In analyzing these theoretical underpinnings, 

I will now elaborate on the conceptual framework that describes the underlying connections of 

the study’s components.  

As described earlier in this chapter, Jansen and colleagues (2017) describe four qualities 

of teaching for conceptual understanding, and Hiebert and Grouws (2007) provide two qualities 

of teaching for conceptual understanding. Table 1 displays the features with examples or 

explanations. These features provide the lens this study utilizes to view teachers’ instruction and 

make sense of how they are teaching for conceptual understanding via representations.  

Jansen and colleagues (2017) indicate inclusion of visual and contextual representations 

to support conceptual development, taken together with existing literature, various 

representations are emphasized in this study’s conceptual framework. Verbal representations, 

visual and physical models, as well as contextual representations are at the forefront of this 

study. Symbolic representations, as mentioned previously, are typically a part of instructional 

practices but are not being emphasized as symbolic modalities alone do not develop conceptual 
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understanding. Each of these components will be further explained in the sections that follow, 

culminating in the study’s conceptual framework.  

Table 1  

Teaching for Conceptual Understanding Features and Examples 

 Features Example or Explanation 

 
 
 
 
 
 
 
 
 
 
 
 

Jansen et al, 2017 

Using mathematical language to 
support sensemaking (p. 229) 

A teacher explains the size of a 
fraction in thinking about the whole 
and the size of the parts, with 
connections to different 
denominators, rather than simply 
stating the larger denominator 
indicates a smaller fraction.  

Employing visual representations 
(p. 229) 

• Fraction strips used to 
support understanding of 
fraction operations.  

• Materials used to group 
objects to better understand 
multiplication.  

• Connecting cubes used to 
highlight the concept of 
mean. 
 

Pressing students to explain their 
thinking (p. 229) 

Asking students probing questions 
to explain why procedural steps are 
necessary mathematically.  
 

Using story problems (p. 229) Contextual problems where 
application of concepts can occur 
and provide a means for elaboration 
of concepts.  
 

 
 
 

 
 

Hiebert & Grouws, 
2007 

 
 
Teachers and students attend 
explicitly to concepts (p. 383) 

Intentional connections among 
concepts are made explicit within 
instruction to support opportunities 
for students to make the 
connections themselves.   
 

 
Students struggle with important 
mathematics (p. 387) 

Providing space and opportunity for 
students to make sense of 
mathematical concepts.  
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The types of representations intentionally included within a mathematics instructional 

segment and the explicit connections made visible between the representations, are considered 

within the realm of the framework. These features align with both frameworks highlighted in 

Table 1. Utilizing physical materials and visual representations as means to bridge the abstract 

nature of mathematical concepts to more concrete modalities are a component of this study’s 

framework, and as they often occur jointly, they are combined within the framework. 

Connections among concepts are a key tenet of developing conceptual understanding, see Table 

1 (Hiebert & Grouws, 2007); however, those connections are often not explicitly noted by 

students, thus support from teachers is necessary (Ainsworth, 2006; Dreher & Kuntze, 2015). 

These key components can be seen within the framework designed for this study in the ways that 

connections are made public among mathematical representations and the discourse practices 

that provide students with opportunities to wrestle with mathematical concepts.   

Within my framework, I harness discursive practices to support mathematical 

sensemaking (see Table 1) as verbal representations. A culture of discourse is crucial to support 

conceptual understanding development through representations. These practices ensure that 

students have opportunities to make sense of the mathematics in meaningful ways (Franke et al., 

2009; NCTM, 2014). Thus, to describe how teaching for conceptual understanding is harnessed 

in the classroom, the teacher discourse moves for which teachers engage (Herbel-Eisenmann et 

al., 2013) are examined in this study to describe how discourse is fostered within the classroom. 

Teacher discourse moves (Herbel-Eisenmann et al., 2013) or talk moves (Chapin et al., 2003) 

encompass ways that teachers support making mathematics reasoning visible in the classroom. In 

concert with discourse, questioning practices complete the framework developed for this study.  
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Questioning is used as a means to press students for explanations of their reasoning, 

which is a feature referred to in Table 1. Types of questions included within mathematics 

instruction have been addressed from many researchers (e.g., Franke et al., 2009). For this study, 

categorizing by question type was based on research synthesized by NCTM (2014). The types of 

questions are: “(1) gathering information, (2) probing thinking, (3) making the mathematics 

visible, and (4) encouraging reflection and justification” (NCTM, 2014, pp. 36-37). This study 

defines probing questions as questions which make student solution strategies visible. These can 

include both initial and follow-up questions to responses. In addition to the importance of the 

types of questions asked by teachers, where all types are valuable for various instructional goals, 

so too is the patterns of questioning. This study’s framework uses Wood’s (1998) categories of 

funneling and focusing to classify questioning within the mathematics classroom.  

Undergirding all these instructional practices that promote reform-oriented mathematics 

teaching is teacher development. As teacher candidates experience growth opportunities within 

authentic contexts, coupled with consideration for student thinking and artifacts from actual 

classrooms, teacher development can occur to inform instructional practices (e.g., Bailey, 2010; 

Boston & Smith, 2011). For this study teacher development encompasses the teacher preparation 

program experiences, including student teaching, as well as the edTPA process that TCs 

experienced. Teacher development can help facilitate enacting and transitioning reform-oriented 

practices from teacher preparation to novice teachers’ classrooms. In taking the theoretical 

foundations acknowledged in earlier sections, I utilize a conceptual framework for instructional 

practices that reflect teaching mathematics for conceptual understanding, all of which are 

undergirded by teacher development, as seen in Figure 2.    
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Figure 2  

Conceptual Framework for Assessing Teaching Mathematics for Conceptual Understanding 

 

Recent mathematics education reform efforts have positioned teaching for conceptual 

understanding at the forefront (NCTM, 2000, 2014). Under the umbrella of conceptual 

understanding lies representations of mathematical concepts, with emphasis being placed on 

developing a robust understanding of how the representations are connected and could be used 

when problem solving in environments that support discursive practices. When students can 

solve problems and investigate mathematical concepts, rather than memorizing information and 

procedures, that is when conceptual understanding can be fostered (Hiebert & Grouws, 2007). 

However, to support this kind of reasoning within classrooms, teachers themselves must have a 

well-developed conceptual understanding of the mathematics they teach. Teacher preparation 

programs play a valuable role in constructing and shaping this within teacher candidates, in ways 

that they can then transfer their understanding into practice, serving as teacher development 
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experiences. This study aims to fill a void within the literature as it relates to how practices 

learned within TPPs are observed within student teaching, across both elementary and secondary 

classrooms.  
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CHAPTER 3: METHODS 

The purpose of this embedded multiple-case qualitative study was to examine how 

teacher candidates (TCs) demonstrate the practice of teaching mathematics for conceptual 

understanding within their student teaching placement classroom, as evidenced by edTPA 

artifacts. Specifically, the study wanted to learn more about how these TCs incorporated and 

leveraged multiple representations to facilitate the development of conceptual understanding 

among their students. This study aims to address the following research questions:  

As evidenced by edTPA artifacts, 

1. How do TCs plan for instruction using multiple representations in ways that foster 

conceptual understanding development?  

2. How do TCs implement and reflect on instruction using multiple representations in 

ways that foster conceptual understanding development? 

3. How do TCs assess student understanding using multiple representations in ways that 

foster conceptual understanding development? 

4. What are the similarities and differences in the nature of incorporation of multiple 

representations during mathematics instruction in different grade bands? 

Within this chapter the study design will be further explained. Descriptions of data 

sources and how those data sources were analyzed to respond to research questions will also be 

detailed.  

Study Design 

Qualitative research is effective for understanding complex issues, especially ones where 

conversations help bolster understanding (Creswell & Poth, 2018). Case study research is 

defined as “a qualitative approach in which the investigator explores a real-life, contemporary 
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bounded system (a case) or multiple bounded systems (cases) over time, through detailed, in-

depth data collection involving multiple sources of information” (Creswell & Poth, 2018, p. 96). 

Yin (2018) describes case studies as a useful methodology to address “how” or “why” questions. 

Thus, in the current study, a case study was utilized to investigate how teacher candidates 

demonstrate the practice of teaching mathematics conceptually, specifically focusing on 

incorporating multiple representations into their mathematics instruction in their student teaching 

placement classrooms. Specifically, to answer my research questions, an embedded multiple-

case study design was used. This study provides cases of how teacher candidates teach for 

conceptual understanding through multiple representations within their student teaching 

placement, as well as differences among teacher candidates from two distinct grade bands.  

Definition of a Case 

For this study, a case was defined as a group of participants who completed their student 

teaching and edTPA within the same grade band - elementary (K-5) or secondary (grades 6-12). 

Therefore, there are two cases of interest for this study. Within each case, there are embedded 

sub-units, the individual edTPA portfolios, for which data were compared for further analysis. 

Within each case, there were nine embedded cases or portfolios. A student within a teacher 

preparation program will be referred to as a teacher candidate (TC), thus for this study 18 total 

TCs are included. This embedded case design provides opportunities to understand how similarly 

prepared TCs demonstrate the practice of teaching mathematics conceptually, while also striving 

to understand differences between grade level groups of TCs. Within the embedded multiple-

case study design, being able to focus on a few TCs’ demonstration of these practices will 

provide opportunities to delve into how these practices emerge within the student teaching 

classroom. Once all data were coded and recorded, within-case analysis was utilized to 
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understand themes and categories within embedded sub-units. This allowed for a more holistic 

understanding of each case. Following within-case analysis, thematic analysis occurred across 

cases, known as cross-case analysis (Creswell & Poth, 2018).   

Context 

Teacher candidates included in this study were graduates of elementary or secondary, 

with specializations in middle grades or high school mathematics, teacher preparation programs 

at a large, public, research university in the southeast United States. While each of these TPPs 

are unique, all hold a key tenet to develop teachers who have a mind for teaching mathematics 

conceptually. Additionally, all programs have established partnerships with local public schools 

for placing TCs in their field experiences; these partnerships allow for careful monitoring of field 

experience quality. The TPPs are further described in the sections that follow and are 

summarized in Table 2.   

Elementary Preparation Program 

Teacher candidates within the elementary preparation program are prepared in all 

elementary disciplines, but with an emphasis placed on science, technology, engineering, and 

mathematics instruction. As such, TCs within this teacher preparation program are required to 

complete a two-course Calculus for Elementary Teachers sequence, geared toward connecting 

calculus concepts to elementary mathematics. They also take two additional 

mathematics/statistics courses for a total of 12 credit hours of mathematics in their degree 

program. These TCs complete two mathematics methods courses during their junior year. One 

course is focused on kindergarten through second grade additive reasoning when TCs are 

simultaneously placed in a K-2 classroom where they have opportunities to practice and apply 

ideas they are learning in their methods course. The second methods course is focused on 
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multiplicative reasoning in third through fifth grades, also with a simultaneous field placement in 

grades 3-5. For each mathematics methods course, TCs complete 92 contact hours within field 

placements, although not all are focused on mathematics instruction.  

In addition to the field placements in their junior year, these TCs have a 13-hour 

introductory field placement in their sophomore year and a year-long student teaching placement 

in their senior year. The year-long student teaching placement is part-time in the fall semester 

and full-time in the spring semester for a total of 727 contact hours. All field placements 

combined give the TCs over 920 contact hours in elementary school classrooms during the 

program. These experiences provide opportunities for TCs to observe and participate in 

classrooms supervised by clinical teachers so that they can understand the intricacies of teaching 

and learning in a school setting. The elementary TCs complete the edTPA assessment in the area 

of elementary mathematics as part of the requirements for licensure. Additionally, the elementary 

TCs begin their edTPA process during the fall semester within their placement classroom, the 

semester prior to full-time student teaching. The elementary education program has 

approximately 50 TCs graduate each academic year.  

The elementary teacher preparation program emphasizes teaching mathematics 

conceptually as evidenced in the program’s theory of action generated as part of a research 

project focused on evaluating program outcomes (Walkowiak, 2018). For example, both methods 

courses place a strong emphasis on the use of concrete mathematical representations for 

elementary-aged children. In the K-2 methods course, there is a strong emphasis on building 

conceptual understanding of quantity, number relationships, and number decomposition through 

opportunities such as subitizing, playing number line games, and utilizing tools like base-10 

blocks. Similarly, the TCs have opportunities in the grades 3-5 methods course to consider the 
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use of visuals and tools like area models, arrays, and fraction strips to build children’s 

understanding of multiplication and fractions.  

Middle Grades and High School Preparation Areas 

The middle grades and high school preparation areas are distinct specializations within 

the same program, which result in different licensure areas. Differences between the 

specializations exist around the required mathematics advanced coursework. However, since 

they are structurally very similar the specializations will be described within the same section, 

making note of differences among the specializations as well.   

Within the middle grades specialization, TCs are prepared with the necessary knowledge 

of mathematics to enable them to teach in grades 6 through 9. Since many TCs in this 

specialization will find themselves within school contexts for which cross curricular teams are 

created, literacy methods courses are required and the TCs have the option to include science 

coursework to prepare for such situations. TCs within the middle grades specialization take 

advanced mathematics courses, as well as mathematics methods coursework. Middle grades TCs 

complete 23 - 35 credit hours of advanced mathematics coursework.  

Teacher candidates within the high school specialization have the option to double major 

in mathematics or statistics and mathematics education, while others choose to major solely in 

mathematics education. In this specialization, TCs develop in-depth content knowledge to enable 

them to teach all high school level courses. These TCs complete 40 - 48 hours of advanced 

mathematics courses, depending on their degree program, in addition to mathematics methods 

coursework. 

Middle grades and high school TCs are required to take mathematics methods courses 

situated around: technology use in the mathematics classroom, teaching mathematics content, 
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connecting advanced mathematics to school mathematics, and pedagogical methods for teaching 

mathematics. Both preparation specializations emphasize teaching mathematics conceptually. 

For example, the text that is used in all mathematics methods courses is Principles to Actions 

(NCTM, 2014). This text emphasizes teaching mathematics conceptually. Additionally, 

accompanying professional learning tasks from NCTM are utilized within the methods courses to 

further illustrate the focus on teaching mathematics conceptually.  

For TCs in both the middle grades and the high school mathematics specializations, field 

experiences are the same, albeit occurring at their respective grade levels with the exception of 

the first placement where all TCs are placed in a middle school setting. The TCs complete a 10-

hour field placement within a public middle school during their sophomore year as part of an 

introductory education course. In this experience students are paired with a classroom teacher 

and complete a service-learning project among other school-based experiences. During junior 

year, in conjunction with an assessment practices course, students are placed within a public 

middle or high school to complete another 10 hours where directed observations and a re-

engagement lesson experience occurs. 

In conjunction with a mathematics methods course during the TCs junior year, the 

students complete a 15-hour field experience with a middle school or high school teacher within 

a local public school district. In this experience students complete directed observations with 

respect to open, cognitively demanding tasks and teaching mathematics with technology. 

Students have opportunities to work with individuals or small groups of students and practice 

teaching skills such as facilitating a warm-up activity, reviewing homework, and teaching a mini 

lesson. Finally, during the fall of the TCs’ senior year, they complete a 30-hour field placement 

with a middle grades or high school teacher in a local public school district. This experience 
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affords students opportunities to complete directed observations, work with small groups of 

students, and teach full lessons. The TC-teacher partnership leads to full-time student teaching 

during the spring semester. All field placements combined give the TCs over 665 contact hours 

in middle and high school classrooms during the program. During their student teaching 

semester, middle grades TCs complete the edTPA assessment for middle childhood mathematics, 

while high school TCs complete the edTPA assessment for secondary mathematics. Combined, 

the middle grades and high school teacher preparation specializations have approximately 20 

graduates per academic year.   

Table 2  

Summary of Elementary and Secondary TPP 

 Elementary TPP 
(STEM-focused) 

Secondary TPP 
(Middle Grades and High 
School Specializations) 

 
 
 
 
Program Focus 

 
Conceptual Teaching of 
Mathematics  
• Emphasis on the use of 

concrete mathematical 
representations for 
elementary-aged children 

 

 
Conceptual Teaching of 
Mathematics  
• Emphasis on the use of 

discourse and 
mathematical 
representations  

 
 

 
 
 
Coursework 
 

• Two-Course Calculus for 
Elementary Teachers 

• K-2 Mathematics Methods 
Course (additive 
reasoning) 

• 3-5 Mathematics Methods 
Course (multiplicative 
reasoning) 

 

• Technology Use in 
Mathematics Classroom, 

• Teaching Mathematics 
Content 

• Connecting Advanced 
Mathematics to School 
Mathematics 

• Pedagogical Methods for 
Teaching Mathematics 
 

Field Placement Hours Over 920 contact hours in 
elementary classrooms 

Over 665 contact hours in 
middle and high school 
classrooms 

 



  57 

 

Sample 

Teacher candidates who submitted their edTPA portfolios within the academic years 

2016-2017 through 2019-2020 from the elementary, middle grades, and high school mathematics 

teacher preparation programs were eligible for inclusion in this study. The number of graduates 

from the middle grades specialization over the eligible years for inclusion in this study was 13. 

Thus, to ensure that there would be no chance of being able to identify any TC from their 

portfolios and data shared through this study, the decision was made to collapse the middle 

grades and high school candidates into one case. Additionally, the candidates from middle grades 

and high school licensure areas take many of the same courses, thus they have had similar 

experiences within their TPP. 

To determine the sample for this study all eligible TCs, along with their overall edTPA 

scores, were collected and deidentified by the Assistant Director of the Office of Professional 

Education at the institution. Archived data relating to edTPA artifacts of interest for this study is 

currently housed within a university-created software system, SAGE (Systems of Assessment 

Guiding Education), designed to track students’ completion of gateways within the respective 

teacher preparation program. The spreadsheet was sorted by grade band licensure programs 

within tabs then shared with the researcher. There were 176 TCs in the elementary grade band 

and 65 TCs in the secondary grade band. The researcher then sorted each grade band into tiers to 

prepare to conduct a stratified random sample. A stratified random sample was used to ensure the 

inclusion of portfolios within both cases that are varied. In other words, by including portfolios 

across three tiers of edTPA scores, it increased the likelihood of seeing variation in the construct 

of interest, teaching mathematics for conceptual understanding. Three tiers were determined to 

provide variation of overall edTPA scores within the sample. Tier 1 included portfolios that 
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scored 31 to 41, inclusive, to garner portfolios for whom the overall score fell below the 

suggested cut score of 42 from SCALE (2013). The second tier ranged from 42 to 47, inclusive; 

portfolios in this tier scored within passing range. The final tier included scores of 48 and 

greater, with the actual highest score being 62. The total possible overall score for these edTPA 

portfolios was 75.  

While the scores were used for sampling purposes, this purpose of this study was not to 

compare the tiers of scores, therefore scores were not revisited. While there is a sub-score on 

representation from rubric 9, I used the total portfolio to generate a theoretically more varied 

sample. Since the individual rubrics are scored on a 0-to-5-point scale, with many portfolios 

earning sub-scores in the range of 2 to 4, the potential variation among the portfolios based 

solely on rubric sub-scores could be limited. Therefore, the decision was made to use overall 

scores that have a more varied range to garner the sample for the study.         

Within each tier, the portfolios were given a numbered identifier, ranging from 1 to n, 

with n being the largest number within the tier for the specific grade band. Once portfolios had 

an identifier assigned, a random number generator was used to garner three portfolios for each 

tier within each grade band. Using the random number generator, three random integers in the 

range of 1 to n based on the total number of portfolios in that tier were generated. If a duplicate 

integer was selected, another random integer was generated. Identification of the randomly 

selected portfolios were made on the spreadsheet and sent back to the Assistant Director of the 

Office of Professional Education. At that time, the Assistant Director of the Office of 

Professional Education removed the researchers access to the spreadsheet. The edTPA 

coordinator then accessed and downloaded the portfolios for the stratified random sample. When 

any of the randomly selected portfolios were incomplete within the system, the Assistant 
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Director of the Office of Professional Education repeated the random number generator process 

to determine another portfolio within that tier. All documents were uploaded into a secure 

Google Drive folder, with the Assistant Director of the Office of Professional Education 

randomly and uniquely identifying each portfolio with a letter to indicate elementary (E) or 

secondary (S) and a number one through 9. This method produced three portfolios from each tier 

within each grade band, garnering nine elementary (K-5) and nine secondary (6-12) portfolios 

that were included in this study. The documents were uploaded from the secure Google Drive to 

the researcher’s password-protected ATLAS.ti 9 for analysis. The grade level or course, as well 

as the school setting, for which each selected TC within the sample completed their student 

teaching is displayed in Table 3.  

Data Sources 

For this study, archived edTPA portfolio data were utilized from the end of TCs’ teacher 

preparation program. edTPA is a subject-specific assessment and includes three tasks that require 

teacher candidates to complete a cycle of effective teaching, which includes planning, 

instruction, and assessment of student learning (SCALE, 2017). All tasks were utilized for this 

study. Task one focuses on planning, while task two focuses on instruction. Task three includes 

assessment of student learning.  

There is a myriad of artifacts within edTPA, including “lesson plans, instructional 

materials, student assignments and assessments, feedback on student work, and unedited video 

recordings of instruction” (SCALE, 2017, p. 4). The data sources that correspond to each 

research question are shown in Table 4. From task 1, context for learning, lesson plans, 

instructional materials, planned assessments, and selected commentary prompt responses were 

analyzed. Video recordings of instruction and specific commentary prompt responses were 
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analyzed from task 2. Task 3 artifacts include student work samples of assessments and selected 

commentary prompt responses. The selected edTPA prompts are in appendices D, E, and F, for 

the elementary, middle grades, and secondary edTPA portfolios respectively. The selected 

commentary prompts were chosen as responses that highlight the ways in which the teacher 

candidates attend to utilizing representations and teaching mathematics conceptually.  

Table 3  

Grade Level/Course and School Setting of Student Teaching Placements 

 Elementary Secondary 
 Grade Level School Setting Course School Setting 
1 1st Grade Traditional, K-5 

 
Honors Math II Traditional, 9-12 

2 3rd Grade Title 1, K-5 Honors Pre-
Calculus 

International Baccalaureate 
Magnet, 9-12 

 
3 4th Grade Title 1, K-5 

 
Honors Math III  

 
Traditional, 9-12 

4 3rd Grade Montessori/STEM 
Magnet, PK-5 

 

Foundations of 
Math I 

Traditional, 9-12 

5 Primary 
(Combined PK & 

Kindergarten) 
 

Montessori/STEM 
Magnet, PK-5 

Honors Math IV Early College, 9-12 

6 1st Grade Title 1, K-5 
 

Math 6 Plus Traditional, 6-8 

7 1st Grade STEM Magnet, K-5 
 

Math IB Traditional, 9-12 

8 2nd Grade Interactive Community 
Magnet, K-5 

 

Honors Math III STEM Early College, 9-12 

9 5th Grade Traditional, K-5 Math I Global Studies Magnet, 6-8 
Note. The numbers within the leftmost column identify the embedded case number. 
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The edTPA data are available for all recent graduates since the state in which this study is 

being conducted requires edTPA completion and passing score of 38 for licensure. Additionally, 

TCs from all program levels (elementary, middle grades, and high school) focus their edTPA 

data collection and commentary within mathematics instruction. Data from edTPA artifacts serve 

as a snapshot of the teacher candidates’ knowledge of and facilitation of the development of 

conceptual understanding and use of representations within their placement classrooms at the end 

of their teacher preparation program.  

Case memos were generated for each embedded case following the coding of each task, 

as well as holistically across tasks. Case memos include “short phrases, ideas, or key concepts 

that occur to the reader” (Creswell & Poth, 2018, p. 188). These memos helped identify patterns 

and categories in the data (Creswell & Poth, 2018). The memos were written during the analysis 

process to support within-case and cross-case analysis. Review of these case memos supported 

the summary table that was generated for each case once all tasks had been coded. The summary 

table summarizes a holistic analysis of patterns seen within and across tasks for each case. The 

summary table created for the elementary and secondary case can be seen in Appendix A and B 

respectively.  

Data Analysis 

In the sections that follow, details will be provided regarding data analysis that occurred 

for the study. The data source that corresponds to each research question is shown in Table 4. 

Qualitative data analysis was accomplished through three iterations of coding, first, using a 

combination of a priori and open coding, then completing two iterations for emergent themes to 

be discerned. The study’s conceptual framework provided the basis for initial a priori codes. For 

example, data were coded for types of representations present. Additionally, for data sources that  
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Table 4  

Data Sources by Research Question 

Research Question Data Sources 

As evidenced by edTPA artifacts,  
 

1. How do TCs plan for instruction using 
multiple representations in ways that 
foster conceptual understanding 
development?  

• edTPA Task 1 Artifacts 
o Context for Learning 
o Lesson Plans 
o Instructional Materials 

& Assessments 
o Selected Commentary 

Prompt Responses 
• Case memos 
• Summary table 
  

2. How do TCs implement and reflect on 
instruction using multiple representations 
in ways that foster conceptual 
understanding development? 

• edTPA Task 2 Artifacts 
o Video Clip(s) 
o Selected Commentary 

Prompt Responses 
• Case memos 
• Summary table 

  

3. How do TCs assess student 
understanding using multiple 
representations in ways that foster 
conceptual understanding development? 

• edTPA Task 3 Artifacts 
o Student work samples  
o Selected Commentary 

Prompt Responses 
• Case memos 
• Summary table 

  

4. What are the similarities and differences 
in the nature of incorporation of multiple 
representations during mathematics 
instruction in different grade bands? 

• edTPA Tasks 1 – 3 artifacts 
• Case memos 
• Summary table 

 

provide enough information, a priori codes such as the types of questions being asked during an 

instructional segment were utilized. A single instance in data could be coded with multiple 
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codes. A codebook was created using a combination of theory-driven and data-driven codes 

(DeCuir-Gunby et al., 2011), where theory-driven codes were situated around the study’s 

conceptual framework. Data-driven codes allowed for other sources of evidence of participants’ 

development in their teaching for conceptual understanding to be captured that may not have 

been considered in prior research. Sample a priori codes are provided in Table 5. A full list of 

codes is available in Appendix C.  

Table 5  

Sample a priori Codes Based on Conceptual Framework 

a priori Code Definition Example 

Explicit 
Connections 

The connected nature of the 
representations being used (e.g., 
symbolic and visual) is made 
explicit.   

The teacher uses a visual model for 
multiplying multi-digit numbers and 
connects partial products to the visual. 

Context A task or problem is presented 
as a story problem (within a 
realistic context). 

Jamar has a candy bar and eats ½ of it. 
He gives the rest of the candy bar to 
Blake who eats ¼ of his portion. How 
much of the candy bar is left?   

Questioning - 
Encouraging 
reflection and 
justification 

Posing of question(s) that 
prompt learners to consider 
their reasoning and actions 
more deeply.   

Teacher: How might you prove that is 
your solution?  

 

Coding Process 

The researcher began coding with the elementary case. Each embedded case, beginning 

with E1 and moving to E9, was coded individually before progressing to another embedded case 

portfolio. For each embedded case portfolio task 1 artifacts were coded in the following order: 

(1) context for learning, (2) lesson plans, (3) instructional materials, (4) assessments, (5) selected 
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planning commentary prompt responses. At the conclusion of iterative coding for task 1, a task 

specific memo was created to summarize key ideas for the embedded case portfolio.  

Table 6  

Excerpt from S6 Instructional Commentary for Prompt 3a with Codes 

Commentary  Codes Applied 

My instruction engaged young adolescents in 
developing conceptual understanding 
primarily during clip 1 timestamp 2:15-7:37. 
In this segment, I am helping my students 
learn about equations through the use of tape 
diagrams. This helps students build 
conceptual understanding because they are 
learning to “use... interrelated models [and] 
diagrams” to understand the concepts behind 
equations. These tape diagrams represent one 
of several models that students were exposed 
to throughout the course of this learning 
segment. I had multiple students show their 
thinking in the video and I chose students 
based on how they thought in their small 
groups. This way, they could build on each 
other’s conceptual understanding to come up 
with the most correct tape diagram. 

 
 
 
Representation-Symbolic; Representation-
Visual; Explicit connections – symbolic to 
physical/visual; Tape Diagram 
 
 
 
 
 
Discourse – Teacher Moves – Creating 
opportunities to engage with another’s 
reasoning; Discourse – Teacher Moves – 
inviting student participation; Questioning – 
Asking for an explanation/summary  
 
Representation – Visual; Tape Diagram 
 

 

Task 2 coding followed task 1 memo creation. The video-recorded lesson segment data 

submitted in Task 2 were analyzed using a modification of Powell, Francisco, and Maher’s 

(2003) analytic model for using video data. This analysis framework included watching the 

recorded lesson segment once, re-watching the video to identify critical events, then analyzing a 

verbatim transcription of the selected occurrences. For each transcript, an iterative coding 

process occurred using theory- and data-driven codes. Following coding of the transcript, the 

selected instructional commentary prompt responses were iteratively coded. Like for Task 1, 

after coding of Task 2 for a portfolio was complete, a brief memo was generated to summarize 
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key ideas. Task 3 coding included first the selected assessment commentary prompt responses, 

followed by analysis of student work samples. A brief memo for Task 3 was generated for each 

embedded case.  

Table 7  

Excerpt from E2 Video Transcript with Codes 

Transcript Codes Applied 

E2: Now people with the manipulatives we 
kind of had a little problem, we kind of had a 
little problem, what was our problem with our 
blocks, Maria? 
Maria: Our problem with the blocks we 
didn’t have a lot and we had to get the tens 
and we had to put ten tens on it to make a 
hundred. 
E2: Yes, we didn't have quite enough in our 
kits to model this whole problem we had to 
do some problem solving and Maria said we 
didn't have enough of these flats which equal 
100, so she said she used 10 10 rods and 
made 100. She lined them up to make another 
one. Did anyone else have to do this in their 
group? (Students raise hands) Okay Ashley 
why did you use ten tens to make a 100? 
Ashley: (inaudible) 
E2: Okay because we didn't have enough of 
these but why ten, why not like eight or six 
Ashley? 
Ashley: Because um…. 
E2: Ava? 
Ava: Because a 100 is made out of 10 tens 
and we if we used 8 tens to make a hundred, 
we wouldn’t have enough, and it wouldn’t be 
a hundred. 
E2: Ok, so 10 tens make a 100, what does it 
mean if we have more than 10 in our tens 
place what do we have to do? Randall, what 
do we have to do? 

 
 
 
 
 
Representation – Physical 
 
 
 
 
 
Represent Place Value; Representation - 
Physical 
 
Questioning – Asking for an 
explanation/summary; Questioning – Making 
the mathematics visible 
 
 
Discourse – Teacher Moves – Probing a 
student’s thinking; Questioning – Probing 
Thinking 
 
 
 
 
 
Discourse – Teacher Moves - Revoicing 
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Code Application Examples. To provide a clear depiction of how codes were applied 

within this study, two examples are shared. One example from edTPA written documentation 

and one from submitted video clips are highlighted below. Illustrating the coding process within 

selected commentary responses, an excerpt of S6’s response to task 2 prompt 3a “Explain how 

your instruction engaged young adolescents in developing Conceptual understanding, Procedural 

fluency, Mathematical reasoning and/or problem-solving skills” is shown below in Table 6 with 

the applied codes. An example of the application of codes for excerpts from E2’s video transcript 

is shown below in Table 7. This excerpt is from the initial moments of a whole class discussion 

to summarize group work to solve 379 + 293 using base ten blocks and drawing.  

Once all embedded cases within the elementary case were coded, an overall summary 

document for the elementary case was created, see Appendix A. This document identified key 

categories of codes for each task, as well as an overall across-task display for the elementary 

case in a tabular format. This summary provided the basis for the researcher to construct the 

written findings for the elementary case, which are encompassed in Chapter 4. Following 

preliminary analysis and writing for the elementary case, the secondary case was analyzed. The 

secondary case was iteratively coded and analyzed using the same analysis process for the 

elementary case. The overall summary document for the secondary case can be seen in Appendix 

B. The written findings for the secondary case are encompassed in Chapter 5. Cross-case 

analysis was conducted across the elementary and secondary case following the written analysis 

of each individual case. Analysis included examining similarities and differences between the 

elementary and secondary cases. This was accomplished through first exploring both cases’ 

summary tables to compare categories that arose during within-case analysis. To further explore 

those patterns, all case level tables generated for each task were combined to provide the 
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foundation for understanding practices that were planned, enacted, and assessed across both 

cases and all tasks. For example, in the elementary case student talk moments emerged as a key 

instructional practice, where students were sharing solution strategies with peers in many of 

those instances. Similarly, in the secondary case opportunities for students to engage with one 

another was evidenced in the data; however, many of those moments were focused on reviewing 

answers. Although the category surfaced differently in each case, it was identified as a category 

to report in cross-case analysis. Cross-case findings and discussions are in Chapter 6.  

Reliability & Validity 

Issues of validity and reliability must be considered throughout research studies and 

identified within the study itself (DeCuir-Gunby, 2008). To address credibility and 

trustworthiness for the qualitative components of the study, care must be taken to ensure that 

resulting data is aligned with the true happenings within the classroom, as well as interactions 

with the teacher participants. In that vein, as aforementioned, all data was coded through three 

iterations, to ensure that all themes are represented. A codebook was established once this 

iterative process had concluded. This codebook considers a combination of theory-driven and 

data-driven codes (DeCuir-Gunby et al., 2011), where theory-driven codes are situated around 

the study’s conceptual framework. Data-driven codes allow for other sources of representations 

and demonstrations of teaching mathematics for conceptual understanding to arise that may not 

have been considered prior to this study. For further trustworthiness, a peer reviewer coded a 

subset of data using the established codebook.  

To increase validity and reliability of qualitative data, more than one coder is 

recommended (Creswell & Poth, 2018). After coding both the elementary and secondary case, a 

co-coder was sought. The chosen co-coder had experience with qualitative coding. To establish 
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an understanding of the study, I met with the colleague to provide an overview of the study and 

to review the codebook. The co-coder individually coded a subset of data using the established 

codebook for the study. We then met and discussed the codes that were applied. Whenever there 

was disagreement, we discussed until we reached consensus on the codes.  

Subjectivity Statement 

Perspectives. I have 15 years of experience as an educator, in multiple capacities. 

Reflecting back as a teacher candidate, I possessed a lack of conceptual understanding within my 

own knowledge of mathematics. Additionally, during this teacher preparation program, I felt a 

lack of pedagogical awareness around teaching conceptually, namely through the incorporation 

of multiple representations to support student reasoning and sense making. My professional 

career began as a high school mathematics teacher. While continuing to teach, I pursued a 

graduate degree before assuming the role of a district-wide kindergarten through grade 12 

mathematics curriculum specialist, where instructional support for teachers of mathematics was a 

key responsibility. After this position, I taught collegiate level introductory mathematics courses 

before pursuing a doctoral degree, where teaching continued with teacher candidates.  

It has been during my doctoral program where I have experienced how a teacher 

preparation program can support TC’s development of teaching mathematics from a conceptual 

lens. Through teaching assistantships, I was more attuned to teaching and learning mathematics 

in a way that shifts away from a focus solely on procedures to developing a more robust 

understanding of important mathematical concepts. While I am examining teachers in all grade 

bands, I also recognize that I have only taught within the high school setting. However, I have 

taught elementary mathematics methods courses, facilitated professional development for 
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elementary and middle grades educators, and worked collaboratively in their classrooms during 

my time as a curriculum specialist.  

The culmination of these experiences has led me to understand the importance of 

teaching mathematics through a conceptually focused lens and being able to flexibly translate 

between representations during instruction, and support students’ reasoning through similar 

measures. However, I also believe that some teachers have not been taught in this manner prior 

to the teacher preparation program. Thus, there are years of a focus on rote procedures that some 

TCs have to combat in order to enact the reform-oriented teaching practices promoted by the 

teacher preparation program. These experiences of the TCs are referred to as the “apprenticeship 

of observation” (Lortie, 1975, p. 61); however, teacher preparation program experiences can 

provide space for TCs to reflect and grow regarding teaching and learning (Mewborn & 

Tyminski, 2006). Taking that into consideration, the emphasis in this study is to see how teacher 

candidates are working toward the idea of reform-oriented teaching practices in their student 

teaching experience, rather than determining if they have achieved a certain level of practice.  

Ethical Considerations 

Institutional Review Board (IRB) approval was obtained from North Carolina State 

University. To protect candidate identities, all data were stored on a secure, password-protected 

online drive. Pseudonyms will be used in all data, analysis, and reports.  
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CHAPTER 4: ELEMENTARY CASE FINDINGS 

This chapter will describe the results from the analysis of the elementary case with nine 

embedded cases. Within analysis for each case, the findings are partitioned based on the three-

task structure of the edTPA – task 1: planning, task 2: instruction, and task 3: assessment. A 

cross task analysis, looking across the three tasks for the elementary case, follows at the end.  

Task 1: Planning 

The findings below detail evidence in response to the first research question: As 

evidenced by edTPA artifacts, how do TCs plan for instruction using multiple representations in 

ways that foster conceptual understanding development? The intended lesson plans, instructional 

materials, and planned assessments provide a glimpse into the TCs’ thoughts around what 

constitutes a quality mathematics lesson while responding to edTPA expectations and 

commentary prompts. In analyzing all documentation for Task 1 (planning) of each edTPA 

portfolio, areas of interest aligned with the study’s conceptual framework; that is, verbal, 

contextual, and visual representations, and the connections among them, were further reviewed 

to capture ways that representations were planned to be used to develop conceptual 

understanding. From those analyses three categories were identified within the elementary case’s 

task 1 artifacts: connections among representations, discursive practices, and academic language 

function.  

Connections Among Representations 

The mere occurrence of representations does not automatically ensure that conceptual 

development is at play. Teachers must intentionally plan for explicit connections between and 

among representations to provide students opportunities to make sense of the mathematics in 

flexible ways. Analysis of the embedded cases within the elementary case highlighted key 



  71 

 

connections that were most prevalent: visual representations in support of story problems, 

contextual problems translated to symbolic representations, and connections between symbolic 

and physical/visual representations (see Table 8).   

Table 8  

Planned Explicit Connections by Elementary Embedded Case 

 Visual representations in 
support of story problems 

Contextual problems to 
symbolic representations 

Connections between 
physical/visual and 

symbolic 

E1 X  X 

E2 X X X 

E3   X 

E4   X 

E5   X 

E6 X   

E7 X X X 

E8    

E9 X X  
 

Visual Representations in Support of Story Problems. Characteristics of teaching for 

conceptual understanding include the incorporation of story problems and representations 

(Jansen et al., 2017). The embedded cases demonstrated planning for the inclusion of visual 

representations in support of story problems. Data are largely situated around a context being 

provided and plans made for students to generate a visual representation that aligns with the 

story problem as a means of solving the problem. Research suggests that student generation of 

representations may be more productive in supporting student sense-making and robust 

understanding than provided representations (e.g., Terwel et al., 2009). 
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Within the lessons of the elementary case, many had a central focus of attending to 

mathematical operations through place value concepts and understanding. Base-ten or place 

value drawings served as the predominant method to illustrate student thinking as they worked to 

solve contextual problems. In E1, planned instruction included students reasoning with groups of 

ten through being tasked with representing the number of turkeys in pens with tens sticks. This 

example highlights students’ opportunity to generate their own representation, but the 

representation is specified within the instructional task. Two additional examples where student 

representations are prescribed can be seen in E2’s lesson plans and E7’s assessment materials. 

The plans for E2’s learning segment included students solving tasks related to party items by 

drawing place value proof drawings to model their solution. In E7’s plans, students were 

provided a context and asked to use the make a ten strategy and ten frames to show their thinking 

for how they solved the single digit addition problem as an assessment. Children’s literature is 

used as the basis for E6’s planned lesson sequence, where students were tasked with a problem 

and given opportunities to solve it through different representations including ten frames, 

number lines, and unifix cubes within learning stations over the course of the learning segment. 

While the planning for E6 indicated specific representations for students to use, students were 

intended to have opportunities with multiple representations for the same problem as a way to 

connect various representations together. Furthermore, students were planned to be tasked with a 

new problem and asked to solve it in at least two ways, providing more opportunity for students 

to make connections.  

An exception to the visual representation being produced by the student is evidenced in 

one of E2’s assessment documents (see Figure 3). In this planned assessment, a bar model 

representation was provided for the student assessment. While the representation is supporting 
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the contextual problem, the inclusion of the bar model has the potential to limit the cognitive 

demand of students in making sense of the problem but is connected to conceptual development 

in the way it is represented.  In fact, the students were still required to make sense of the 

provided bar model representation in the context of the story problem as they generate symbolic 

(equation) and visual (place value drawing) representations.   

Figure 3  

Lesson 3 Assessment, More Candy Store (E2) 

 

Contextual Problems to Symbolic Representations. Three embedded cases planned 

opportunities for translating from a story problem to a symbolic representation to occur. Within 

embedded case E2, story problems were utilized throughout the learning sequence, specifically 
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around the context of a candy store, like those in Figure 3 above, where students were asked to 

generate an equation based on the provided information. Plans to include story problems as a 

catalyst for symbolic representations were also present in embedded case E7. This TC planned to 

use story problems as a context for students to write both a number sentence and to utilize the 

visual model of a ten frame to support their problem solving. Similarly, within embedded case 

E9, the TC planned for story problems to serve as the basis for students to traverse through a 

problem-solving process where a key component was to write an equation that models the 

problem. Grounding mathematics in contextual problems can help support student sensemaking 

and understanding of the structure of mathematical operations.   

Connections between symbolic and physical/visual representations. While 

connections between representations is important for conceptual development, students have 

difficulty in realizing the connected nature of multiple representations without support from a 

teacher (Dreher & Kuntze, 2015). One such way that the TCs planned for these connections was 

by having students translate between symbolic and physical or visual representations. E1 planned 

for students to “be doing the same thing I did in my example: representing the number by an 

equation, tens sticks and ones, and drawing the number then circling groups of tens” (E1 Lesson 

Plan Day 2). While representations such as base ten models are being utilized, the instructional 

planning for this lesson limits students’ opportunities to think about their own reasoning with 

representing a numeral, rather they follow along with the strategy the teacher is using.  

Within E2’s first lesson plan, the TC planned to work with the whole class through a 

contextual problem by modeling using an equation (symbolic), base-ten blocks (physical), and a 

picture (visual). The assessment documents for this lesson provided a contextual problem (see 

Figure 4) where students were expected to write an equation and then use place value drawings 
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to represent the situation as support for solving the problem. Additionally, connections to 

regrouping where students reflect on their strategies and representations was included in the 

question at the end of the planned assessment. E2 further planned for translations between 

symbolic and physical or verbal representations when students were provided a symbolic 

problem, such as 379 + 293, and while solving in partner groups, they were to model the 

problem using base ten blocks and drawings to support their solution strategy.  

Figure 4  

Lesson 1 Assessment, Candy Store (E2) 

 

Other embedded cases also planned for the use of place value manipulative materials or 

drawings to connect to symbolic representations. For instance, E3 planned for students to have a 

choice between two parallel tasks to demonstrate their understanding of place value. Those tasks 

were: “Task 1: Use the place value blocks or your own drawings to model the number 243 in two 
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different ways; Task 2: Use 17 place value blocks or your own drawings to model the number 

243” (E3, Lesson Plan, Lesson 2). These planned tasks provided students with opportunities to 

demonstrate the depth of their understanding that a number can be decomposed and composed in 

a variety of ways. Likewise, students in E5’s classroom would have opportunities to generate 

similar models, using a provided number and stickers to represent the number in two different 

ways or arrangements. Ten frames are another commonly-planned-for visual representation as 

highlighted in E7’s lesson plans and instructional materials. Students were to be given a 

symbolic addition sentence and asked to represent the expression using ten frames to solve; see 

Figure 5. Connecting quantity and visual representations was a common theme for the embedded 

cases’ planning process.  

Figure 5  

Make a Ten Exit Ticket (Day 3 Assessment, E7) 
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Discursive Practices 

Verbal representations for this study include discourse and questioning around the given 

lesson’s target mathematical topic. Evidence from data suggests these practices were utilized 

within the elementary TCs’ planning to support student sensemaking. In further analyzing the 

instances of discourse and questioning, attention was paid to how the TCs utilized these verbal 

representations to support the development of conceptual understanding. From this analysis, 

three patterns emerged in task 1 planning documents related to discursive practices: explaining 

thinking and solution strategies, critiquing the reasoning of others, and probing questions. The 

existence of these patterns within each embedded case can be seen in Table 9, it is important to 

note that critiquing the reasoning of others was less predominant than the other two patterns.  

Table 9  

Planned Discursive Practices by Elementary Embedded Case 

 Explaining thinking and solution 
strategies 

Critiquing reasoning of others Probing questions 

E1 X  X 

E2 X X X 

E3 X X X 

E4  X  

E5   X 

E6 X  X 

E7 X   

E8 X  X 

E9 X   
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Explaining Thinking and Solution Strategies. When teachers plan to incorporate 

opportunities for students to explain their own thinking within their mathematics lesson, this 

supports development of conceptual understanding (Webb et al., 2014). As students articulate 

their reasoning and solution pathways, they are likely building connections among concepts and 

strategies. There were two ways that TCs planned for students to share their thinking and 

solution strategies, both further described in the paragraphs below.  First, a common way that 

many of these opportunities were structured were through turn and talk sequences planned 

throughout instruction. Within these planned moments, students engaged with at least one other 

peer to discuss and explain solution pathways and strategies utilized. Second, TCs planned for 

small group and whole class discussions as a way for students to engage with one another and 

share their thinking through mathematical discourse.  

Student to Student Talk. Many TCs planned for opportunities for their students to turn 

and talk to a peer about mathematics. Within the lesson plans for embedded case E1, the TC 

indicated that students would turn and talk with a partner so that the students can “explain how 

you used your strategy to solve the problem” (E1 Lesson Plan, Lesson 3, Activity 2). Other 

planning documents within this case revealed similar intentional planning to encourage student 

discourse as they described preferred strategies and discussions around how best to represent 

mathematical concepts. Within E6’s lesson plan, planned moments for students to explain their 

“favorite strategy” for addition and subtraction within 20 and why it was their favorite strategy to 

a partner, provided a glimpse into the instructional planning of this TC (E6 Lesson Plan, Day 3, 

Group Discussion). Additionally, TC E7 planned for opportunities for students to discuss with a 

friend a new concept of adding numbers using ten frames for which the sum would encompass 
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multiple ten frames, such as 8 + 6, a strategy that would be emphasized within the learning 

segment. 

Small Group and Whole Class Discussion. The second way that the TCs planned for 

mathematical discourse was through small and whole group discussions; they planned 

opportunities for students to discuss how they solved specific problems and to expand on their 

thinking. For instance, E2 planned for moments where students were to explain how they solved 

multi-digit subtraction problems with partners and in small group instructional activities. 

Additionally, E6 planned for students to explain their thinking within small groups coupled with 

peer teaching segments, where students were to teach others about a specific problem strategy. 

Justification of student work is illuminated in E8, who planned for students to provide their 

reasoning for placing missing values on a 100s chart during a whole class activity.  

Embedded case E3 designed their lesson plan in such a way that student work would be 

sequenced and shared during whole group discussion, attending specifically to how students 

represented numbers using place value blocks and drawings. E3 indicated a general structure to 

how student work will be selected and sequenced, with notes to pay attention to how students are 

solving a task that asks about organizing ten thousand books on shelves that hold ten books each. 

The TC indicated they would be thinking about questions such as “How are they [the students] 

solving the task? How are they organizing and representing their thinking? How are they using 

their understandings of place value? How do students model the task?” (E3 Lesson Plan, day 1). 

Sequencing selected student work during whole class discussion was planned in such a way that 

“students’ ideas should build upon one another” (E3 Lesson Plan, day 1), but without explicit 

focus on what strategies would be ideal to use and in what order.      
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Utilizing a problem-solving model (see Figure 6) that spanned their learning segment, E9 

planned for students to explain their thinking to a partner as it related to the structure of the 

model shared. One instance of this included plans for students to discuss the “think” portion of 

the process in relation to provided numberless story problems, an example being: “A school is 

designing a new backstage area for the auditorium. The available space for the project is __ feet 

by __ feet. What is the area of the available space, in square feet?” (E9 assessments). The 

prompts within the “think” section included: “What is the story? What is the question asking? 

What operation will I use to solve? Draw a model or picture to represent the text. Identify the 

problem parts” (E9 Lesson plans). In some of the planned instances for students to explain their 

thinking, the TCs also planned for students to critically examine other students’ thinking 

processes.  

Figure 6  

Think-Do-Review Problem Solving Structure (E9) 

Think 
● Ask yourself 

○ What is the story? 
○ What is the question asking? 
○ What operation will I use to solve? 

● Draw a model or picture to represent the text. 
● Identify problem parts 

Do 
● Estimate the answer using mental math. 
● Write an equation for the situation. 
● Choose a strategy to solve the problem. 
● Show your thinking and solve. 

Review 
● Ask yourself: 

○ Did I answer the question? 
○ Did I include units in my answer? 
○ Is my answer reasonable? 

● Write a sentence explaining your solution.  
 



  81 

 

Critiquing the Reasoning of Others. Explicit opportunities for students to engage with 

another’s reasoning were planned for within three of the embedded cases. Intentionally planning 

for ways in which students can engage with another’s reasoning can support sensemaking within 

the mathematics classroom (Webb et al., 2014). Aside from simply sharing reasoning and 

solution strategies, three of the elementary TCs planned for instances where students could 

engage in dialogue regarding another’s thinking. E2 planned to engage students in comparing 

their own reasoning to others’ during a whole class discussion, prompting students by asking 

“Why do you agree or disagree with ____’s representation? What can ____ change if you 

disagree?” (E2, Lesson Plan, Day 1). In E3, as students are to share strategies during a whole 

group discussion, the TC planned for questions to prompt these actions. For instance, questions 

such as “Does anyone want to add on to what ___ said? Do you agree or disagree with what 

____ said? How can you prove that?” (E3, Lesson plan, Lesson 1). Additionally, within the 

lesson plans for E4 when students do not agree with a peer’s work, the plan was to prompt them 

to explain why they disagreed. Within partner groups, students are to work together to prove an 

answer as correct if there is a discrepancy between their solutions. E4 plans for students to 

examine two different answers to the same symbolic multi-digit subtraction problem, 

determining which they believe to be correct and proving their answer with manipulatives and 

drawings. While this instance may not be students interacting with peers’ thinking processes, the 

students are critiquing the reasoning of another in ways that can help foster conceptual 

development and sensemaking with the mathematical concept.  

Probing Questions. Anticipating questions to ask during lessons is a vital component of 

novice teachers’ instructional planning. An area of questioning that can support conceptual 

development is when students are asked probing questions to have them explain and think 
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critically about their own thinking or the thinking of others (NCTM, 2014). This critical 

reflection provides an opportunity for students to make sense of the mathematical concepts. 

Patterns of probing questions are realized in six of the embedded cases. When students are asked 

to think deeply about mathematics and their reasoning, conceptual development is being 

fostered.  

In E1’s lesson plans, probing questions were planned as students complete a task that has 

them translate from a story problem to visual models as they investigate place value 

representations. These anticipated questions included “What strategy did you choose to use and 

why? How are the farmer’s pens similar to a tens frame? Is there another strategy you could use 

to solve this problem? In this problem, are there any extra ones? How do you know?” (E1 

Lesson Plan, Lesson 3). Also exploring multi-digit subtraction in ways that acknowledge place 

value, E2 planned for questions such as “Could you explain your thinking to me? How is this 

problem similar/different from the problems we worked on yesterday?” (E2, Lesson Plan, Day 

2). Prompting students to continue to expand on their own thinking regarding the relationship 

between digits in our base ten number system is the main way that E3 probed student thinking as 

they asked “Can you tell me more?” (E3, lesson plan, day 1). In like fashion, E5 planned for 

probing questions with their lesson plan during subitizing activities as they planned to ask 

students “How did you know there were that many [dots]? I did not give you time to count that, 

how did you know?” (E5, Lesson Plan, Day 1). Asking students to think deeply about the 

mathematics, E6 and E8 planned for questions asking students to think about similarities and 

differences. For E6, lesson plans included moments where students were prompted to share what 

they noticed was happening in a children’s literature story that was being used to provide context 

for addition and subtraction within 20. E8 planned to pose questions to students as they 
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compared structures such as 100s and 200s charts to determine similarities and differences as 

they were thinking about relationships among numbers. Planning for probing questions where 

student thinking can be made visible helps support conceptual understanding development.   

Academic Language Function 

In concert with Jansen and colleagues’ (2017) stance that teaching for conceptual 

understanding includes representations, the elementary case highlights inclusion of 

representations within the planned instruction. As part of edTPA’s planning task 1, candidates 

must choose one language function that is important for students to understand elementary 

mathematics and illustrate the language function through at least one learning task, see Table 10. 

A language function, by definition within the glossary for edTPA is “the content and language 

focus of the learning task, represented by the active verbs within the learning outcomes” (edTPA 

Elementary Mathematics handbook, p. 46). Five of the embedded cases in the elementary case 

indicated their target academic language function to be represent. An additional embedded case 

chose explain as their key academic language function, while the final embedded case planned 

for students to justify their reasoning. These language functions align with the study’s conceptual 

framework of teaching mathematics for conceptual understanding since a focus of these lesson 

plans and instructional materials was positioned around student sensemaking of the mathematics 

as they were to represent concepts and provide explanations of strategies and thinking.   

Represent. As the TCs planned their learning segment, having an intentional focus on 

the language function of represent highlights how the TCs had these ideas at the forefront of 

their minds as they were planning their lessons. This focus also is shown to provide multiple 

opportunities over the 3–5-day learning segments for students to represent mathematical 

concepts in various ways. For instance, E1 planned for students to represent numbers and place 
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value to solve word problems. Within each lesson of the three-lesson sequence, first-grade 

students were to represent numerals (symbolic) with grouping of objects (physical), drawings 

(visual), and equations (symbolic) to demonstrate their understanding of numbers and place 

value. Similarly, in a third-grade classroom, E2 planned for students to attend to representations 

of addition and subtraction problems using base-ten blocks and drawings. Furthermore, E2 

planned for a task where students are to represent a problem with a drawing, “where it is evident 

how they had to regroup to solve for an answer” (E2, planning commentary). Furthermore, place 

value representations were planned for within E3, E4, and E7’s planning artifacts. The language 

function of represent was chosen by E3 because “students need to be able to represent numbers 

in different forms” (planning commentary, E3). Connections between expanded form of 

numbers, subtraction problems, and place value drawings were the catapult for E4 to include this 

academic language function. E7 planned for students to “represent addition problems with ten 

frames, symbolically, with subitizing, discourse, and with manipulatives” (planning 

commentary). This TC planned not only for representations, but also for students to discuss 

mathematical concepts.     

Explain and Justify. Two additional embedded cases indicated key tenets of conceptual 

development as their language functions - explain and justify. Having opportunities to reason 

about one’s own thinking or to engage with another’s reasoning are important skills in 

harnessing conceptual understanding around mathematical concepts (Webb et al., 2014). E6 

intentionally planned for students to explain their solution strategy for subtraction word 

problems, while also positioning students as contributors in the classroom environment where 

they are fielding questions from peers and the teacher. Embedded case E8 situated their planning 

of the instructional sequence in such a way that students are explaining and justifying how they 
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determine the missing number in a hundred or 200s chart. The reason for this is that as 

justifications are provided, they “will help the students analyze and critically apply patterns 

within 100” (E8 Planning commentary, p. 7). Asking students to think deeply about mathematics 

in ways that allow them to verbalize or annotate their thinking and solution strategies can support 

conceptual development around the mathematical concepts.  

Table 10  

Planned Academic Language Function by Elementary Embedded Case 

 Represent Explain/Justify 

E1 X  

E2 X  

E3 X  

E4 X  

E5   

E6  X 

E7 X  

E8  X 

E9   
 

Overall, the elementary case embedded cases planned for connections among varying 

types of representations, instances of discourse, and attention to language functions that bring 

representations and conceptual understanding to the forefront of lessons and activities. 

Connections among visual, contextual, and symbolic representations position opportunities to 

develop a robust understanding of mathematical concepts. Planned moments of student 
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discourse, where explanation of thinking and strategies were prevalent, as well as planned 

probing questions were illustrated through the TCs’ planning artifacts.  

Task 2: Instruction 

The findings in this section provide evidence to answer the second research question: As 

evidenced by edTPA artifacts, how do TCs implement and reflect on instruction using multiple 

representations in ways that foster conceptual understanding development? The artifacts 

provided within Task 2 of edTPA, the instruction segment, provide a snapshot of the TCs’ 

implementation of their planned lessons as they attend to expectations and guided prompts 

within edTPA documentation. The submitted video clips of instruction, totaling no more than 15 

minutes, and the instructional commentary were the data sources analyzed to respond to this 

research question. From the analysis of data, three categories emerged regarding how the 

elementary TCs implemented and reflected on their instructional sequence including: explicit 

connections between representations, discursive practices, and reflection on instruction.     

Explicit Connections 

Making connections among representations is one of the key tenets of robust 

mathematical understanding. Analysis revealed that within the embedded cases the most 

prominent connections made during instruction were connections between visual and symbolic 

representations and contextual problems to visual representations, see Table 11. However, 

analysis of the instructional artifacts show that the number of explicit connections realized within 

the snapshots of instruction are limited.  

Connections Between Visual and Symbolic Representations.  As many of the 

embedded cases’ instructional sequences were focused on place value understanding, often 

related to operations, place value manipulative materials, representations, and equations were 
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analyzed most frequently. Within E1, students were using base ten manipulative blocks and 

drawings to connect equations when thinking of the number of tens and ones used to represent a 

two-digit number. Similarly, within E3’s lesson students were representing symbolic numerals in 

different ways, as they were asked to complete one of two parallel tasks to model the number 

243 using place value blocks or drawings. The tasks are: “Task 1: Use the place value blocks or 

your own drawings to model the number 243 in two different ways; Task 2: Use 18 place value 

blocks or your own drawings to model the number 243” (E3, Lesson Plan, Lesson 2). A 

recreation of the drawings of two students who shared their models with the class on a 

whiteboard are shown in Figure 7. 

Table 11  

Enacted Explicit Connections by Elementary Embedded Case 

 Connections between visual and 
symbolic representations  

Connections between contextual and 
visual representations  

E1 X  

E2   

E3 X  

E4 X  

E5   

E6  X 

E7 X  

E8   

E9  X 
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Figure 7  

Recreation of student models for parallel tasks (E3 video) 

Task 1: Use the place value blocks or your 
own drawings to model the number 243 in 
(two) different ways 
 

                
 
 

Task 2: Use 18 place value blocks or your 
own drawings to model the number 243 
 
 

                       
 

 
 

Through a process outlined in a guided notes flipbook, E4’s instruction asked students to 

translate symbolic representations of problems such as 543 - 329 to visual models using base ten 

drawings to support subtraction. As students were completing an activity in E7’s lesson they 

created a symbolic addition sentence by rolling a die two times then represented that sentence 

visually on ten frames to provide evidence of decomposing an addend to make a ten and some 

ones. Examples of this activity are found in Figure 8.  

Connections Between Contextual and Visual Representations. Two embedded cases’ 

instructional artifacts highlighted connections between contextual problems and visual 

representations. Within embedded case E6 students were given a contextual problem, based on a 

children’s literature story read in the instructional sequence, and asked to show their solution 

strategy using representations such as a number line, ten frames, or cubes. In a similar fashion, 

embedded case E9 illustrated connections between a story problem and a visual model during a 

whole class lesson. In the video clip, the TC drew a double bar model to represent the total 

number of players for a soccer league and the number of players on each team to highlight the 
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structure of the problem and understand the mathematical operation that would be most useful to 

solve the problem. The story problem and a recreation of the TC’s bar model is shown in Figure 

9. Supporting students in making connections among representations can help develop 

conceptual understanding. The TCs’ instruction demonstrated some connections made, 

predominantly as it relates to moving between visual and symbolic representations, as well as 

contextual and visual representations. 

Figure 8  

Ten Frames to Illustrate Two Addends (E7 Video Clip 2) 
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Figure 9  

Contextual problem and recreation of teacher generated bar model (E9 video clip 1) 

The rec center is preparing for the fall soccer season. They need to split players into teams. 
During sign up, ____ players registered. The maximum number of players per team is ____. What 
is the least number of teams the rec center can have?  
 

 
 

 

Discursive Practices 

Verbal representations for this study include discourse and questioning. Codes within 

these categories were further investigated to determine how verbal representations were being 

harnessed to influence conceptual understanding for students. Evidence from data suggests these 

practices were utilized within the TCs’ instruction to impact student sensemaking. Three patterns 

within this overarching category emerged in the Task 2 instruction documents: inviting student 

participation, student to student talk, and questioning. 

Inviting Student Participation. A teacher discourse move that can support student 

sensemaking is inviting student participation during instruction. While solely inviting students to 

participate in class does not necessarily lead to conceptual development, the ways in which 

students engage can support such growth. Providing space for student voices regarding solution 

strategies and thinking is an important aspect of instruction that can support conceptual 

understanding. Many of the embedded cases situated student participation as such; see Table 12.  

 

# of players on a team 

Total number of players 
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Table 12  

Enacted Discursive Practices by Elementary Embedded Case 

 Inviting Student 
Participation 

Student to Student 
Talk 

Questioning - 
Gathering 

Information 

E1 X X X 

E2 X X X 

E3 X  X 

E4 X  X 

E5 X  X 

E6 X X X 

E7 X X X 

E8 X X X 

E9 X X X 
 

For embedded case E1, the TC invited student participation by asking students to 

illustrate their solution strategy for representing two-digit numbers in a variety of ways, 

including using place value drawings and connections to an equation during whole class 

discussion. Demonstration of thinking and representations were also seen in E3’s student 

participation as the students demonstrated their thinking on two parallel problems. The problems 

were: “(1) Use the place value blocks or your own drawings to model the number 243 in two 

different ways; (2) Use 17 place value blocks or your own drawings to model the number 243” 

(E3 video).  Two students were asked to share their place value drawings on the whiteboard as a 

catalyst for class discussion around connections between the representations. TC E2 also invited 

sharing of representations by students, evidenced in the instructional artifacts, also around the 

concept of place value. Within a class discussion, students shared how they approached a 
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symbolic problem when they did not have an adequate number of place value blocks to model 

the problem. In E6’s video clips, students were invited to participate in a class discussion by 

sharing how they used an addition strategy that had been discussed in class, including number 

lines, ten frames, and counting on. Students shared with classmates how they used the strategies. 

Additionally, student thinking while using representations was highlighted in E8’s instruction as 

students were invited to discuss how they utilized the structure of a hundreds chart to determine 

missing numbers.     

Developing number sense through subitizing was the focus of two embedded cases, E5 

and E7. Within both TCs’ video clips, students were invited to explain how they were able to 

subitize and determine the number of pips when quickly shown a card with a representation. 

Students shared how they saw the pips to make sense of the amount shown. Within E5’s 

instruction, students were shown subitizing cards with pips structured in various orientations. 

After showing students one arrangement of four pips vertically and another arrangement of four 

pips in a rectangular orientation, E5 asked for a student to respond as to how both orientations 

could be four. A student responded, “Because two and two is four (pointing to the rectangular 

arrangement) and two and two (pointing to the vertical arrangement) is four” (E5 video 

transcription). For E7, the pips were organized in a ten frame. A student in E7’s class 

participated by sharing how they saw 8 pips by stating: “Because I saw it had three at the top and 

five at the bottom and three plus five equals eight” (E7 video transcription). Teacher 

encouragement of student involvement within whole class discussions can help support diverse 

perspectives being heard and valued within the classroom environment.     

Student to Student Talk. Opportunities for students to engage with peers in sharing 

thinking and solution strategies is an important aspect of student sensemaking and conceptual 
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development, as they are able to engage with others’ thinking. Many of the embedded cases 

engaged students in this type of discourse; see Table 12. The majority of the instruction that 

included student to student talk were situated around peers discussing how to solve a provided 

problem or strategies they found useful. In E1’s lesson, students were provided an opportunity to 

talk with a partner about how they would represent the problem “Farmer Eli puts 10 turkeys in 

each of his pens. He has 6 pens. How many turkeys does Farmer Eli have?” (E1 video 

transcription). In a similar way, students in E6’s lesson shared with a peer their favorite strategy 

to use for addition, such as counting on, number line, or drawing a picture, prior to a class 

discussion about the various strategies that have been shared.  

Within instruction, some of the TCs also provided space for students to work together 

with peers to complete a task. For E2, students were seen within the video clip working 

collaboratively with peers to solve a multi-digit subtraction problem using place value 

manipulative materials and drawings. Students in E7’s class were discussing how to decompose 

addends to make a ten, using ten frames, as they played a game to practice adding a sum greater 

than 10. Connecting aspects of a story problem, students in E9 worked with a partner to make 

sense of the solution strategy and formulate a statement to describe the answer in the context of 

the story problem. Opportunities for students to discuss concepts, strategies, and thought 

processes can help support development of robust mathematical understanding.   

Questioning. While some embedded cases planned for the inclusion of other types of 

questions, the most prominent question type analyzed from the instructional sequence artifacts 

was gathering information questions. TCs were often seen funneling students’ thinking through 

questioning patterns, rather than focusing, limiting student thinking to a prescribed process. 

While questioning is an important aspect of instructional practices that can support student 
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conceptual development, primarily asking gathering type questions can limit how students are 

able to make sense of mathematics and for the mathematics to be visible to students. All 

embedded cases, see Table 12, had prominence of gathering questions. 

The ways in which the TCs’ instruction posed questions often left minimal space for 

student thinking to differ from a predetermined process. For instance, in E1, during a whole class 

discussion around a story problem, the TC asked, in quick succession, the following questions: 

“What do we know?”, “What else do we know?”, “What is the question asking?” (E1 video 

transcription). While these questions could provide opportunities for students to develop 

conceptual understanding, the pattern in which the TC was asking these questions and 

responding to student responses was more of information gathering for the purpose of moving 

forward with solving the problem, rather than for the purpose of students making sense of the 

mathematical relationships in the story problem. Questions of this type were also illustrated in 

E4, albeit even a bit more focused than those in E1’s enactment. As the TC was modeling how to 

solve the multi-digit subtraction problem 543 - 329, they asked: “Who can tell me how many 

ones I draw for 543?...How many tens?...How many hundreds?...What’s the first step in our 

place value drawings to subtract 329?” (E4 video transcription). These questions are specific and 

while the students are experiencing visual representations of symbolic numerals, the questioning 

pattern does not provide students with differing solution pathway examples. Process within 

problem solving seems to be important to E4 as their instructional sequence was based on 

students completing a flipbook of steps to solve multi-digit subtraction problems, often asking 

about next steps based on the outline of the flipbook. While the steps are attending to place value 

understanding, it is in a prescribed manner where students are told what process to follow, rather 

than allowing the students to think critically through the concept. A similar process focused view 
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of problem solving was seen in E9’s instruction. Even though the process does have conceptual 

components within, the sequence of questions at each stage of the problem-solving process can 

hinder a student’s ability to approach the problem through multiple vantage points. During the 

instructional sequence, E9 repeated back to students the questions that are outlined in the Think-

Do-Review process (see Figure 6), asking questions such as: “Did we answer the question? Did 

we include units in our answer? What were the units for this problem? Are those close enough to 

say that our answer is reasonable?” (E9 video transcription).       

In summary, gathering information questions were the most predominant type of 

questions asked during the instructional sequences of the embedded cases. When students are 

asked these types of questions they are recalling “facts, definitions, or procedures” (NCTM, 

2014, p. 36). The lessons highlighted for E5 were situated around subitizing, where some of the 

questions asked were aimed at students recalling what they know about subitizing. Within E2’s 

lesson questions such as “What was the first thing that someone did to solve this 

problem?...What am I drawing next?” (E2 video transcription) were asked during a whole class 

discussion focusing on the steps in a process. Likewise, E7’s questions asked during a game 

where students were working with a peer focused on the process of decomposing using a ten 

frame, asking “What do you do first?” (E7 video transcription). As E3’s instructional sequence 

was focused on place value understanding, many of the questions asked were “Who can tell me 

what position and place value the digit is in?...How would you read this number?” which are not 

pushing students’ thinking beyond surface level facts. Thinking about place value and patterns 

within a hundreds chart, E8’s instructional sequence evidenced in the video clips included 

questions such as “What number would be 10 more than 18?...So this whole column has 5 in 

what place? Tens or ones?” (E8 video transcription). Asking questions is a component of 
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effective mathematics teaching; however, simply asking questions does not translate to 

deepening student reasoning (NCTM, 2014). While a variety of question types are important 

within instruction, focusing primarily on one type of question can limit the depth with which 

students are asked to reason and make sense of mathematics.    

Reflection on Instruction 

Reflections on implementation resulted in noted changes that are consistent with teaching 

mathematics through a conceptual lens. Within the instructional commentary for Task 2, TCs 

responded to the prompt of how they would change the lesson implementation with three main 

ideas: higher level questioning, providing more access to representations, and engaging students 

in more student-to-student talk opportunities, see Table 13.   

Table 13  

Reflection on Instruction by Elementary Embedded Case 

 Higher level 
questioning 

More access to 
representations 

More student-to-
student talk 

opportunities 

E1    

E2  X  

E3 X   

E4 X X X 

E5  X X 

E6 X   

E7  X  

E8  X  

E9  X  
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Higher Level Questioning. Asking higher order questions, such as probing thinking and 

making the mathematics visible, are important components of supporting conceptual 

understanding development for students. As three of the TCs reflected on their instruction they 

noted a change that they would make if implementing the lessons again would be to include 

more high-level questions within instruction. E3 noted that they would change how students 

interacted with the shared solutions from two classmates of how to represent the number 243 

using place value drawings, indicating that “it would have been beneficial for students to have 

left the first student’s example on the board above the second student’s example” (E3 

instructional commentary, p. 6) as a catalyst for questions about the comparison of the two. 

Noted changes for E4 included asking questions that probed students thinking more within class 

discussions as a way to challenge and engage students more effectively. TC E6 reflected on a 

student’s participation during the whole class discussion, noting that they realized they were “so 

concerned with getting to all the content I had planned” that they chose not to probe the student, 

rather choosing another student. In future lessons E6 acknowledged that they would “press the 

student for reasoning” (E6 instructional commentary, p. 5) to help support student sensemaking 

of strategies for addition. These instances of reflection for the TCs highlight their noticing of 

how higher-level questions can help support students in understanding mathematical concepts.  

More Access to Representations. Representations are vital components of a robust 

understanding of mathematics. While single representations alone do not constitute a deeper 

understanding, including more representations can support student understanding. Six of the 

embedded cases acknowledged that it would be important for future teaching instances to include 

more access to representations, see Table 13. Two types of representation, which are often 

connected, were primarily stated as ones for which students should have more access, namely 
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physical and visual. It should be stated that what TCs reflected on was dependent on what were 

included and enacted in their lessons. For instance, if a TC already planned for and enacted the 

use of visual representations, we would not expect them to indicate inclusion of those types of 

representations within this reflection moment.     

Physical representations, such as connecting cubes or place value blocks, were noted as 

important for E2’s reflection on their lesson implementation. They note “giving students more 

opportunity to work with the manipulatives, I believe, would have benefited the students in my 

class that were struggling with the processes of ungrouping and regrouping” (E2 instructional 

commentary, p. 6). Adding additional opportunities for students to wrestle with the ideas around 

place value and regrouping using physical materials was at the forefront of E2’s reflection on 

instruction. In a similar vein, E4 stated that while students enjoyed the ability to use 

manipulative materials to individually work through a problem at the end of class, they could 

have included more manipulative modeling within the whole class discussion as a way to 

highlight various solution strategies. Reflecting on a portion of the lesson dealing with 

conservation of number, E5 noted how providing students with access to paper pennies to 

manipulate would have been beneficial, rather than solely having them projected. This would 

have allowed students to “come up with a model to explain their thinking would be powerful 

indicators of what they understand about number relationships” (E5 instructional commentary, p. 

6). Additional physical representations, such as connecting cubes, were mentioned as a potential 

change in implementation for E7’s lesson. They stated that using these materials could have 

helped support some students’ thinking regarding the idea of decomposing numbers to make a 

ten when using ten frames to represent addition within 20. Finally, access to more physical 

representations was noted in E8’s reflection on implementation, specifically noting how 
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materials such as counters could be used in conjunction with a hundred chart to help support 

some students as they worked to realize relationships between numbers, such as determining ten 

more than 18.   

Providing access to more visual models was noted in one of the embedded cases.  In E9’s 

instructional sequence, visual models to represent story problems were minimally included. As 

they reflected on the lesson implementation, this TC indicated that providing more scaffold and 

examples of how to translate contextual problems to visual models would have supported 

students in understanding how to visualize the problem and how to make sense of the language 

in ways that can “demonstrate their understanding” (E9 instructional commentary, p. 5).     

More Student-to-Student Talk Opportunities. Discourse among students provides an 

important avenue for students to wrestle with mathematics and engage with others’ reasoning. 

Two embedded cases indicated in their reflection of instruction that more student-to-student talk 

would have benefited their lessons. As E4 reflected on their lesson sequence, where much of the 

discussions were whole class and following a prescribed process of problem solving, they 

indicated that providing more opportunities for students to discuss their strategies would have 

been beneficial. Additionally, as E5 reflected on their lesson implementation, specifically around 

a portion focused on conservation of number, they indicated that they should have included more 

time for students to talk about what they noticed about the two groups of pennies (one group 

where 5 pennies were lined up without gaps, another group where 5 pennies were lined up with 

gaps) to become comfortable with comparison language, rather than embarking immediately on a 

class discussion and questions. They noted that these opportunities could have especially 

supported their English language learners but would benefit all students.  
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Instructional practices demonstrated through task 2 of the edTPA portfolios of the 

embedded cases highlight how these TCs illustrated explicit connections among representations, 

enacted discursive practices, and reflected on instruction. Building connections among 

representations to highlight place value understandings and solution strategies were prevalent in 

the embedded cases’ instruction. Task 2 videos and commentaries provided evidence of student 

participation and discourse, as well as TCs’ dependency on gathering information type questions. 

Reflecting on enactment, the TCs indicated several areas of change that align with practices 

supported in this study’s conceptual framework.    

Task 3: Assessment 

The findings detailed below are in response to the third research question: As evidenced 

by edTPA artifacts, how do TCs assess student understanding using multiple representations in 

ways that foster conceptual understanding development? The artifacts analyzed within Task 3 of 

edTPA, the assessment portion, are focused around one assessment students completed during 

the instructional sequence. Student work samples, optional video evidence of feedback or 

language usage, evaluation criteria, and assessment commentary responses were the data sources 

analyzed to respond to this research question. From the analysis of the data, three categories 

emerged to highlight how TCs assessed student understanding through a lens of conceptual 

understanding: explicit connections, discursive practice, and academic language function.  

Explicit Connections 

Continuing to make connections among representations during assessment can support 

students’ conceptual understanding development, provide evidence of their understanding, and 

inform future instructional decisions of the teacher. In analyzing the student work samples and 

assessment tasks within task 3 of edTPA, there were instances of several connections among 
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representations including: contextual problems to symbolic representations, visual 

representations in support of story problems, and connections between visual/physical and 

symbolic representations, see Table 14.  

Table 14  

Explicit Connections Illustrated in Assessment Task by Elementary Embedded Case 

 Contextual problems to 
symbolic 

representations 

Visual representations in 
support of story problems 

Connections between 
physical/visual and 

symbolic 

E1   X 

E2 X  X 

E3    

E4   X 

E5    

E6  X  

E7 X  X 

E8    

E9 X X  
  

Contextual Problems to Symbolic Representations. Three embedded cases situated 

their assessments such that students were tasked with translating from a story problem to a 

symbolic representation. Within embedded case E2, students translated a story problem about a 

sweet shop into a subtraction equation. Similarly, the assessment presented within E7 asked 

students to write an equation to represent the problem that is displayed in context (“On Monday 

you receive 7 Bulldog Bucks. On Tuesday, you receive 9 Bulldog Bucks. How many Bulldog 

Bucks did you receive all together?”). Embedded case E9 follows suit, providing a story problem 

to situate a multi-digit multiplication or division problem where students were to solve using the 
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standard algorithm for the chosen operation, after estimating an answer. While symbolic 

representations do not individually often lead to conceptual understanding, student translation 

from a story problem to a symbolic math sentence can support conceptual development, as 

students are making sense of the structure of the problem and operations that correlate to that 

structure.    

Visual Representations in Support of Story Problems. Two embedded cases provided 

a story problem on their assessment, where students were to represent their thinking using visual 

models. Creating a visual representation, using a chosen strategy that has been discussed within 

the instructional sequence captured through the edTPA portfolio, to solve a context problem is 

how the assessment was written within embedded case E6. Students used strategies such as ten 

frames, cubes, and counting on to answer the question posed within the story problem: “There 

once was a man who sold 7 caps. How many more caps does he have to sell to have sold 19 

caps?” (E6 assessment). Representations of these strategies such as showing how two ten frames 

were used by modeling 19 then striking off 7 to arrive at the answer of 12 caps yet to be sold was 

one such way this was accomplished. Similarly, the assessment presented within embedded case 

E9 provided students with contextual problems where one student, within the student work 

samples, sketched a picture to help them make sense of whether the posed question was related 

to the operation of multiplication or division.    

Connections Between Visual/Physical and Symbolic Representations. The most 

prevalently demonstrated explicit connections between representations for task 3 of edTPA was 

found in connections between visual/physical and symbolic representations. Within embedded 

case E1, the assessment asked students to show how they solved a problem using base ten 

manipulative materials, then write that model as an equation. For example, a student represented 
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the problem with 4 ten rods and they wrote 10 + 10 + 10 + 10 = 40 to draw the connection 

between the physical materials and a symbolic representation. In a similar fashion, in embedded 

case E2 students utilized the equation they generated from a contextual problem to represent with 

place value drawings to show their solution, also providing evidence of regrouping. As 

mentioned previously, many lessons within the elementary case focus on place value concepts, 

thus it would be expected that the use of place value drawings or manipulative materials would 

be present in many embedded cases. For embedded case E4, students were given symbolic multi-

digit subtraction problems and asked to show their thinking using place value drawings, also 

highlighting where regrouping was necessary. Tens frames, to show the structure of our number 

system, were used in embedded case E7 as students were tasked with writing an equation to be 

solved, generated from a story problem, then using two ten frames to represent the two addends 

and how they arrived at their answer. Utilizing place value representations to support symbolic 

representations can support conceptual development as students are seeing how our number 

system is structured and are able to connect concepts such as regrouping to visual models to 

better understand procedures such as standard algorithms.         

Discursive Practices  

Verbal representations in the form of asking students for explanation and justification 

within the assessment task were common throughout the elementary case, see Table 15 for the 

embedded cases for which these were demonstrated. Students were tasked with completing the 

assessment in ways that required them to explain their strategy or concepts outlined within the 

assessment task.  
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Table 15  

Discursive Practices Illustrated in Assessment Task by Elementary Embedded Case 

 Asking for Explanation or Justification 

E1 X 

E2 X 

E3  

E4  

E5 X 

E6 X 

E7 X 

E8 X 

E9 X 
 

Figure 10  

Student Work Sample (E6 Assessment) 
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As students completed contextual problems related to groups of tens, the assessment 

within embedded case E1 asked students to explain the number of place value blocks they have 

used to support their answer. The assessment posed questions such as “Farmer Bacon puts 10 

turkeys in each of her pens. She has 4 pens. How many turkeys does Farmer Bacon have?” (E1 

assessment). Similarly, in embedded case E2 students showed their solution to a contextual 

multi-digit subtraction problem through symbolic and visual ways but were further asked to 

explain when and why they needed to use regrouping strategies to solve the problem. This 

question prompted students to think about the process of subtraction in ways that support 

conceptual understanding, sensemaking, and connections to the base ten number system. Within 

embedded case E6, students were asked to explain how they solved a contextual problem as well, 

utilizing their choice of strategies based on the ones learned within the learning segment. 

Students used strategies such as counting on, cubes, and ten frames to support their thinking 

through the problem: “There once was a man who sold 7 caps. How many more caps does he 

have to sell to have sold 19 caps?” (E6 assessment). Students for whom their explanation was not 

robust, see Figure 10, explained and showed their thinking during a one-on-one feedback time 

with the TC, while the TC asked the student to explain what they were doing and how they 

arrived at their answer.   

Within some of the embedded cases, students were asked verbally to explain their 

thinking. While the TC in embedded case E5 was circulating and taking assessment notes as 

students created a number line for the numbers 1 through 10, they asked individual students to 

explain their placement of numbers. For instance, for one student, they asked how they knew that 

6 was in the correct position without having any of the preceding numbers. The student was able 

to respond by counting up on the number line to illustrate that when they count 6 they are on the 
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tick mark they have labeled 6. Another student was asked where they would place the number 5 

without having to count from 1. The student responded that it would be before 6 because they 

knew that 5 was one less than 6. These interactions during an assessment period highlight that 

the TC was attending to student responses and questions in ways that can support conceptual 

understanding of numbers, their magnitude, and the relationships among them. Another example 

of verbal justification was seen in embedded case E9. Within this case, the TC was talking with a 

small group who were classifying story problems as either representative of multiplication or 

division. The student read the problem aloud then stated they knew it was multiplication because 

they were able to connect the phrase “square feet” within the problem to the area, which would 

be multiplication. The TC in this interaction prompted students to use a sentence frame 

connected to a process of problem solving used in the learning sequence to explain how they are 

classifying the problems, using “I classified this word problem as ____ because when I used the 

“think” process, I learned ____” (E9 assessment commentary, p. 8). Students were provided 

opportunities within this TC’s classroom to think about problem structure as a way to develop an 

understanding of operations. While not completed verbally, the assessment for embedded case 

E7, also utilized a sentence frame for students to explain their strategy to solve a contextual 

problem using the make a ten strategy. Students solving the problem “On Monday you receive 7 

bulldog bucks. On Tuesday, you receive 9 Bulldog Bucks. How many Bulldog Bucks did you 

receive all together?” (E7 assessment) were provided the structure of “First I,...Then I,....Finally, 

I…” as a way to support student explanation. These frames can scaffold the students to explain 

their thinking and strategy.  

Finally, within embedded case E8, students were asked to explain how they found their 

answer to number clues using the 200s chart as a visual tool. For instance, for the number clue “I 
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am the number that is 10 less than 188. Who am I?” a student answered 178 and explained that 

they “jumped backwards 10 times” (E8 Student Work Sample for Student 1). Students were 

asked to connect the visual representation of the 200s chart, number clues, and how they used the 

tool’s structure to determine their answer. Realizing the structure of the number system and 

specifically the hundreds chart as a tool can help support student sensemaking.    

Academic Language Function 

 The academic language function focus for the learning segment was continued and 

illustrated within the assessment for seven of the embedded cases. While it is required for edTPA 

that TCs explain within task 3 how students used or struggled to use the selected language 

function explicated during task 1 (planning), the arc of including the academic language function 

within the assessment task highlights the attention paid to these practices throughout the cycle of 

teaching. The academic language functions mentioned in task 1 that supports conceptual 

development of mathematics include: represent, explain, and justify. For this analysis, only 

instances where the TCs posit that these language functions were the focus will be discussed. 

Refer to Table 16 to see how the embedded cases realized these academic language functions 

within the assessment task.  

Represent. As the TCs assessed during their learning segment, having an intentional 

focus on the language function of represent highlights how the TCs continue to have these ideas 

at the forefront of their mind as they create and administer assessments. Three embedded cases 

continued to pose questions and create tasks that asked students to represent their understanding. 

For E1, students were representing place value through drawings in addition to writing the 

correct answer “because this shows that they understand the meaning behind the number, rather 

than just memorizing numbers and equations” (E1 Assessment commentary, p. 8). Similarly, the 



  108 

 

TC within embedded case E4 positioned questions to prompt students to use strategies such as 

place value drawings to support their thinking, especially around regrouping, “because I wanted 

students to see that they could represent subtraction problems in different ways” (E4 assessment 

commentary, p. 7). Within E2’s assessment, students represented subtraction using place value 

drawings, but also through verbal language as the teacher was working with a small group of 

students to assess their understanding. Flexibility in representing mathematical concepts in a 

myriad of ways is indicative of robust understanding (Cai, 2005).  

Table 16  

Academic Language Function Illustrated in Assessment Task by Elementary Embedded Case 

 Represent Explain/Justify 

E1 X  

E2 X  

E3  X 

E4 X  

E5  X 

E6  X 

E7   

E8  X 

E9   
 

Explain and Justify. Providing opportunities to explain their thinking and solution 

strategies can support conceptual understanding development. The academic language function 

of explain was minimally seen in the assessment within embedded case E3. Within the only 

constructed response item on the assessment for E3, students were asked to share what they 
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noticed about the pattern when you multiply 4 by 1, 10, 100, and 1000. Asking for an 

explanation regarding strategy use was incorporated into embedded case E6’s assessment. 

Students explained their chosen strategy (e.g., number line, cubes, counting on, or ten frames) 

and how it was utilized to solve a two digit by one digit subtraction problem. 

Two embedded cases claimed the academic language function of justify within their 

assessment commentary. While embedded case E5 did not position their planning, during task 1, 

through the lens of justify, this TC’s assessment component included moments where students 

were asked questions to justify the placement of numbers on a blank number line. Questions such 

as “How could you know where this number goes without counting from the beginning?...The 

numbers aren’t all glued onto the line in order yet, how did you figure out where those went?” 

(E5 assessment commentary, p. 7) were used as a catalyst for student justification. The 

embedded case E8 acknowledged the academic language function of justify illustrated through 

the student work samples of the assessment. Students were explaining how they were able to 

determine a number that fit a number clue by using the 200s chart as a tool by using the sentence 

starter “I know this because…” (E8 assessment commentary, p. 7).  

The elementary case assessment task incorporated moments for students to demonstrate 

knowledge of connections among representations, as well as explain and justify their thinking 

and solutions. Maintaining a focus on academic language functions, such as represent and 

explain, from planning to assessment provides evidence that the TCs were maintaining those 

practices at the forefront of their instructional cycle. This focus supports students in developing a 

deep understanding of the mathematical concepts.   
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Cross Task Analysis 

In analyzing the elementary case across the three tasks that comprise the edTPA 

portfolios, three categories of interest emerged regarding practices the TCs within this 

elementary case were demonstrating as they relate to conceptual understanding development and 

representations. The categories include (1) attending to students engaging with multiple 

representations to highlight understanding or prove an answer, especially connections between 

and translations among visual, contextual, and symbolic representations, (2) opportunities for 

students to share their thinking and engage in discourse with peers, and (3) including questioning 

practices that support students’ conceptual understanding development. These three patterns will 

be further explored in the sections that follow.  

Engagement with Multiple Representations  

The elementary case illustrates how the embedded case TCs were attending to students 

engaging with multiple representations to highlight understanding or prove an answer, especially 

connections between representations such as visual and contextual, as well as symbolic and 

physical/visual. Multiple representations within mathematics instructional practices support 

learners in enacting more robust and flexible knowledge than learners who only experience 

single representations of a concept (Acevedo Nistal et al., 2009). Engagement with multiple 

representations across planning and instruction is seen in Table 17.  

Many of the embedded cases for the elementary case were situated around place value 

understanding and operations. The prevalence of visual, contextual, and symbolic 

representations, especially given that many of the lesson sequences were focused on place value 

understanding and operations, are in line with the idea of concrete - representational - abstract 

instructional practices. This practice is where students are provided a concrete representation,  
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Table 17  

Elementary Case Engagement with Multiple Representations Across Planning and Instruction 

 Planning  Instruction  Assessment 
 

Visual in 
support of 

story 
problems 

Connections 
between 

physical/visual 
and symbolic 

 Connections 
between 

visual and 
symbolic 

Visual in support 
of story 

problems 

 Visual in 
support of story 

problems 

Connections 
between 

physical/visual 
and symbolic 

E1 X X  X X   X 

E2 X X      X 

E3  X  X     

E4  X  X X   X 

E5  X   X    

 
E6 

X      X  

E7 X X  X    X 

E8     X    

E9 X    X  X  
 

like a contextual problem or physical materials, to explore an idea that becomes represented in 

visual ways before being abstracted into a symbolic form. The intentional inclusion of such 

representations enables the concepts to be made visible and supports students’ sensemaking 

(Murata & Stewart, 2017). For instance, within embedded case E2 the planning, instruction, and 

assessment were focused on students representing and solving multi-digit addition and 

subtraction problems, that included regrouping. The instructional activities began with a story 

problem and tasked students with modeling the problem with place value drawings and equations 

to better understand regrouping and our number system. Situations where students are expected 

to utilize various representations are more effective in supporting students’ conceptual 
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development than those without connections between multiple representations (Heinze et al., 

2009).   

Table 18  

Elementary Case Discourse Opportunities Across Planning and Instruction 

 Planning  Instruction 
 

Explaining thinking and 
solution strategies 

Student to student talk  Student to Student Talk 

E1 X X  X 

E2 X X  X 

E3 X X   

E4 
  

  

E5 
  

  

E6 X X  X 

E7 X X  X 

E8 X X  X 

E9 X X  X 
 

Discourse Opportunities 

Discourse among students, while it cannot be as readily demonstrated within the 

assessment task, is prevalent in the planning and instruction tasks of the elementary case. 

Opportunities for students to talk with one another provide an avenue for students’ thinking to be 

made visible in ways that can support sensemaking for the student and others. These moments 

are important to development of conceptual understanding as they serve as a refining process for 

students’ thinking (Franke et al., 2009). Additionally, students engaging in discussions regarding 

their mathematical thinking allows all students involved to strengthen connections, consider new 
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strategies, and to broaden their own understanding of a concept in ways that attend to ideas that 

may not be completely developed (Webb et al., 2019). As these TCs intentionally planned for 

such discursive practices and encourage student to student talk, they are likely to build a 

classroom community that supports students’ conceptual development (Huinker & Bill, 2017).   

Analysis across the three tasks highlight that the elementary TCs included in the 

elementary case were able to include opportunities for students to share their thinking both 

individually and in community, see Table 18. Sharing of thinking is seen through the TCs 

planning for, implementing, and assessing explanations from students regarding their solution 

strategies. This continuum of these instances throughout the three tasks can be illustrated by 

evidence from embedded case E6. This TC planned for students to share their thinking regarding 

the strategies learned during the learning segment to solve addition and subtraction problems. 

Within the instruction task, this TC had students share their solution strategy with the class, 

explaining what they did and attending to any questions. Finally, the assessment task for E6’s 

instructional sequence included a prompt for students to show visually how they solved the 

provided contextual problem, as well as explain in written language how the problem was 

solved. This trajectory of the inclusion of opportunities for students to share their thinking in 

multiple modalities throughout all three phases of the cycle of effective teaching is one example 

that was demonstrated within the elementary case. Research suggests that students explaining 

their thinking is an instructional practice that is aligned with teaching mathematics conceptually 

(Jansen et al., 2017).   

Questioning Practices  

The elementary embedded cases demonstrated the ability to plan for higher level 

questions (e.g., probing thinking), although, as evidenced within task 2, these were not always 
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realized within the snapshot of the instruction task or the assessment task, see Table 19. For 

instance, in embedded case E3, the TC planned for higher-level questions following two 

students’ sharing of their solution to parallel tasks. Those tasks were: “Task 1: Use the place 

value blocks or your own drawings to model the number 243 in two different ways; Task 2: Use 

17 place value blocks or your own drawings to model the number 243” (E3, Lesson Plan, Lesson 

2). The higher-level questions planned included attending to the connections between the tasks. 

During the lesson implementation observed, no questions were asked during this activity, rather 

the TC summarized the two students’ work without drawing any connections between them. 

Table 19  

Elementary Case Questioning Across Planning and Instruction 

 Planning Instruction 
 

Probing questions Questioning - 
Gathering Information 

E1 X X 

E2   X X 

E3 X X 

E4 
 

X 

E5 X X 

E6 X X 

E7 
 

X 

E8 X X 

E9 
 

X 
 

While the TCs within the elementary case demonstrated an implementation of more 

gathering information questions, many were reflective about this practice. TCs within the 
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elementary case did indicate a desire to increase the use of higher-level questions as a change 

they would make in implementation through reflecting on their instructional sequence. For 

example, E3 indicated that asking probing questions to serve as a catalyst for the class discussion 

about similarities and differences between student solutions to parallel tasks of representing 

numerals with base ten drawings would be an instructional change they would make. The 

reflection of many TCs can be seen as evidence that the TCs acknowledge questioning as an 

effective mathematics teaching practice that supports students’ understanding of mathematical 

concepts.  

The elementary case across all three edTPA tasks illustrate practices that can support 

conceptual development for students. Attention to meaningful inclusion of contextual, visual, 

and symbolic representations as a means to build flexibility in understanding was evident 

throughout planning, instruction, and assessment artifacts. The TCs demonstrated a focus on 

discourse and making student thinking visible through intentional planning and inclusion of 

student participation in classroom practices. The inclusion of questioning practices within 

planning and reflection of instructional enactment, while shown to be a complex endeavor for 

novice teachers, is an encouraging illustration of these TCs’ understanding of what teaching 

mathematics for conceptual understanding involves.  
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CHAPTER 5: SECONDARY CASE FINDINGS 

Analysis for the secondary case was completed based on each edTPA task. Task 1 

represents the planning process, while task 2 encompasses the instruction during the learning 

sequence. Finally, task 3 attends to assessment practices. Findings from each task will be 

described in the sections that follow. A cross task analysis, looking across the three tasks for the 

secondary case, follows at the end.   

Task 1: Planning 

The findings below detail evidence in response to the first research question: As 

evidenced by edTPA artifacts, how do TCs plan for instruction using multiple representations in 

ways that foster conceptual understanding development? The intended lesson plans, instructional 

materials, and planned assessments provide a glimpse into how secondary TCs’ planned for 

mathematics lessons while attending to expectations and commentary prompts within edTPA. In 

analyzing all documentation for Task 1 (planning) of each edTPA portfolio, areas of interest 

aligned with the study’s conceptual framework, including verbal, contextual, and visual 

representations, and the connections among them, were further reviewed to capture ways that 

representations were planned to be used to develop conceptual understanding. From those 

analyses three categories emerged within the secondary case’s task 1 artifacts: connections 

among representations, discursive practices, and academic language function.  

Explicit Connection of Representations 

The mere occurrence of representations does not automatically ensure that conceptual 

development is at play. Teachers must intentionally plan for explicit connections between and 

among representations to provide students opportunities to make sense of the mathematics in 

flexible ways. Analysis of the embedded cases of the secondary case highlighted key connections 
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that were most prevalent: visual representations in support of story problems, connections 

between contextual and symbolic representations, and connections between physical/visual and 

symbolic representations, as seen in Table 20.   

Table 20  

Planned Explicit Connections by Secondary Embedded Case 

 
Visual representations in 

support of contextual 
problems 

Connections between 
contextual and symbolic 

representations 

Connections between 
physical/visual and symbolic 

representations 

S1 
  

X 

S2 X X X 

S3 X 
 

X 

S4 X X 
 

S5 
 

X 
 

S6 X X X 

S7 X X X 

S8 
 

X X 

S9 X X X 
 

Visual Representations in Support of Contextual Problems. Characteristics of 

teaching for conceptual understanding include the incorporation of story problems and 

representations (Jansen et al., 2017). The embedded cases demonstrated TC's planning for the 

inclusion of visual representations in support of story problems. Data were largely situated 

around a context being provided and plans made for students to generate a visual representation 

that aligns with the story problem as a means of solving the problem. Research suggests that 

student generation of representations may be more productive in supporting student sense-

making and robust understanding than provided representations (e.g., Terwel et al., 2009). 
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Within the secondary case, many visual representations were situated around tabular and 

graphical models of equations and functions. When exploring the concept of polynomial 

functions, embedded case S2 planned for students to sketch a graph that models the described 

path of a roller coaster in a take home assessment. Similarly, embedded case S3 planned to use a 

roller coaster context and given equation to prompt students to graph the function, focusing on 

domain restrictions based on the characteristics of the roller coaster. 

Instructional materials for embedded case S4 highlighted the inclusion of contextual 

problems where students were asked to then represent the situation with a graph or table to form 

an equation to develop conceptual understanding. The TC specifically acknowledged why they 

were asking the students to represent the sequence in multiple ways:   

This learning segment builds conceptual understanding of arithmetic and geometric 

sequences because it requires the students to represent their understanding of a given 

sequence in multiple ways. When doing this in the learning segment it will help students 

see they can mathematically reason and problem solve through any given representation 

for any given sequence (i.e. graph, table, equation, context) later in the unit (S4 Planning 

commentary, p. 1).  

Furthermore, within embedded case S7’s planning materials, students were provided the 

context of two different window cleaning companies and tasked with determining the best 

company to use. Both companies have an initial fee and a price per window cleaned. Students 

were to represent the situations with graphs and tables to generate a convincing argument about 

which company to recommend. In similar fashion, within a unit of study focused on patterns, 

embedded case S9 planned to provide a task with information regarding a chain email. Students 

were tasked to explain how many people receive the email on various days, including 
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generalizing for day n with as many representations as possible, including visual representations 

such as tables.  

Using contextual problems to generate another visual representation, namely a tape 

diagram, are planned for within embedded case S6. The planned materials situated problems 

within context then students were tasked with generating a tape diagram, such as “Andre’s 

school has 20 clubs, which is five times as many as his cousin’s school. His cousin’s school has x 

clubs” (S6 Instructional Materials, Day 1). Utilizing tape diagrams as a scaffold to support the 

completion of tables of values to determine the answer to the problem were also planned for 

within embedded case S6. For instance, a sample planned item was: “Lin set up a lemonade 

stand. She sells the lemonade for $0.50 per cup. Complete the table to show how much money 

she would collect if she sold each number of cups. How many cups did she sell if she collected 

$127.50? Be prepared to explain your reasoning.” (S6 Instructional materials, Day 4). This 

example is also illustrative of connecting verbal representations through explanation.  

Connections Between Contextual and Symbolic Representations. Seven of the 

embedded secondary cases planned for opportunities for students to translate between contextual 

and symbolic representations. Situating mathematics within context provides students with 

opportunities to make sense of abstract concepts (Lee, 2012) and to apply mathematical 

knowledge (Verschaffel, 2002). 

The context of high and low tide was utilized within embedded case S2’s instructional 

planning. Connecting these concepts to sinusoidal functions, students were to demonstrate their 

understanding of characteristics of trigonometric functions by using “the given information in the 

problems to create an appropriate graphical model and written function” (S2 planning 

commentary, p. 5). In connecting real world situations to the mathematical concept they are 
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learning, students within embedded case S4 were presented with a candy machine scenario. The 

students were to determine how many candies are left in the machine for given scenarios. To 

accompany their work, the TC planned to provide students with a graphic organizer, noting space 

for a graph, table, and for both recursive and explicit equations. The TC noted that this scaffold 

supports students in thinking about “how the context of the problem relates to each the table, 

graph, and equations” (S4 planning commentary, p. 2). This TC planned for students to engage 

in tasks that explicitly drew connections among representations to create a more robust 

understanding of the mathematical concept. Similarly, within embedded case S5, instructional 

planning included contextual problems, such as those in Figure 11, where students were to 

represent the scenarios with summation notation and use sequences or series knowledge to solve. 

These contextual problems served as a springboard for students to “make connections to the 

information they have learned about infinite/geometric/arithmetic series, summation notation and 

finding the sum to solve” (S5 planning commentary, p. 2). Embedded case S9’s instructional 

planning positioned contextual situations at the forefront of students’ exploration of geometric 

and arithmetic sequences. These contextual representations provided concrete ways for students 

to understand the connections between explicit and recursive forms.  

Figure 11 

Contextual Application Problems (S5 Instructional Materials, Day 3) 

Rachel is teaching dance class. Each new class she teaches has more and more students than 
the class before. Her first class has 5 students, her second has 10, her third has 20 students, and 
so on. If she decides to teach a 10th class, how many students will be in it?  
 
Ethan and Ricardo are dropping a ball from a building that is 100 feet high. After the ball hits 
the ground, it rebounds to 60% of its previous height. How many feet total has the ball 
rebounded by the 6th bounce?  

 



  121 

 

Contextual scenarios of two window cleaning companies were utilized within embedded 

case S7’s lesson planning. The TC noted “This task will develop students’ conceptual 

understanding of systems of equations by giving them the opportunity to work in 

context...Students will answer the question “which company would you recommend and why?” 

To answer this question, students will have to use mathematical reasoning to utilize multiple 

representations to support their claim” (S7 Planning commentary, p. 2). Positioning polynomial 

functions through the lens of roller coaster design, embedded case S8 planned for students to 

work collaboratively to solve application problems through connecting context and symbolic 

representations. As a culminating activity, students applied the knowledge from teacher provided 

context to act as structural engineers and design their own roller coaster that adheres to 

guidelines seen in Figure 12. Students had to generate the polynomial function that represents the 

roller coaster path, as well as determine characteristics of the function, such as zeros, end 

behavior, and appropriate domain and range values.  

Figure 12  

Roller Coaster Design Criteria (S8 Assessment Materials) 

You have decided to become a structural engineer who specializes in roller coaster design. 
 
Your job is to design your own roller coaster ride. To complete this task, please follow these 
steps: 
 
The amusement park you are designing for gave you the following coaster requirements:  
- your coaster ride must have at least 3 relative maxima and/or minima 
- the ride length must be at least 4 minutes 
- the coaster ride starts at or above 200 feet 
- the ride dives below the ground into a tunnel at least once 

 
Embedded case S6 planned for students to match equations or expressions to contextual 

situations. This TC also planned for students to generate their own contextual problem, rather 

than solely relying on students moving from context to symbols. Students within this TC’s 
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classroom were also given an equation and asked to write a story to describe the equation 

through an exit ticket. “Write a story to match the equation x + 2 ½ = 10. Explain what x 

represents in your story. Solve the equation. Explain or show your reasoning” (S6, Assessment, 

Day 3). The TC posited that student generation of a story problem “demonstrates conceptual 

understanding because students cannot possibly create an accurate story without understanding 

the concepts that go along with the equation” (S6 Planning commentary, p. 8).  

Connections Between Visual and Symbolic Representations. For representations to 

complement student understanding, students must be able to coordinate connections between 

representations (Acevedo Nistal et al., 2009). Planning for opportunities for connections between 

visual and symbolic representations appeared in seven of the secondary embedded cases. For 

many of the cases, connecting equations and graphs were the prominent means for which this 

was illustrated. For instance, in embedded case S1, lesson plans included moments for students 

to connect graphs and equations of quadratic functions. This TC noted these tasks “help [the 

students] be able to visualize how the parent function is changing through the equation, graph, 

table, and key features like the vertex and axis of symmetry” (S1 Planning commentary, p. 5). 

Furthermore, for embedded case S2, students were positioned to match equations, graphs, and 

descriptions of trigonometric functions. These connections contribute to engagement of 

reasoning skills, where students “will develop a better understanding of the effects of 

transformations on the graph, written function, and description of the function” (S2 planning 

commentary, p. 2).  

Connecting the graph and equation was illustrated within embedded case S3’s 

instructional planning. One instructional activity included a writing polynomials scavenger hunt 

where students worked collaboratively, moving around the room to nine different graphs. The 
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students must examine the graph to determine an appropriate equation to describe the polynomial 

function, progressing to the next graph by finding their polynomial equation written on top of 

another station card (S3 Lesson Plans). Through this activity and others planned within the three-

day lesson sequence, “students are using different representations such as equations, tables, and 

graphs to analyze key characteristics of polynomials and deepen their understanding” (S3 

Planning commentary, p. 1).  

Utilizing a technology platform, embedded case S8 planned for students to explore 

relationships between roots and polynomial equations. The activity included students 

manipulating polynomial graphs to intersect at specific roots, writing functions for the 

polynomials graphed, and describing relationships between factored polynomial functions and 

their graphs. This TC noted that this activity “Addresses conceptual understanding through the 

relationship of zeros and linear factors of polynomials. The objectives further students’ 

conceptual understanding by guiding students in understanding that zeros, roots, and x-intercepts 

are the same, but the context of the question determines which they are looking for” (S8 planning 

commentary, p. 1).  

Utilizing visual representations to connect to symbolic notation, embedded case S6 

planned for students to work collaboratively to match an equation and tape diagram. Tasks such 

as these where “Students begin to draw their own tape diagrams from a given equation,...show 

that they are developing a conceptual understanding of how tape diagrams can be used to 

represent equations” (S6 Planning commentary, p. 2). Further, students were given a tape 

diagram and tasked with determining all equations that are represented by the visual 

representation. These visual models of mathematics provide “another method of visualizing and 

solving equations other than simply using an operation to isolate a variable” (S6 planning 
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commentary, p. 9). Supporting student thinking around creation of equations and solutions for 

those equations by using a visual model such as a tape diagram positions students to comprehend 

the procedure of solving equations in a conceptual manner. In a similar manner, embedded case 

S7 planned for students to begin work around systems of equations by working with balance 

visuals in a shape activity (see Figure 15) where students must determine the weight of each 

shape by considering a series of scales. “This activity will introduce students to the concept of 

systems of equations by placing them in a situation where they can create variables and reason” 

(S7 Planning commentary, p. 2). Scaffolding student progression toward abstract concepts 

through visual representations such as a balance scale with shapes can support conceptual 

understanding development as students are able to make sense of the procedures that are 

introduced in later lessons within S7’s instructional plans.  

Connecting visual patterns of growing dots to arithmetic and geometric sequences began 

embedded case S9’s lesson plans, with an intermediate step of including tables and graphs to 

help students realize “connections between the table and the formulas they create will help them 

to solidify their conceptual understanding of explicit and recursive formulas for geometric 

sequences” (S9 Planning commentary, p.1). In providing scaffolds where students are connecting 

the visual pattern elements and components of the formulas, students can better understand the 

characteristics of geometric sequences.  

Discursive Practices 

Verbal representations for this study include discourse and questioning. Evidence from 

data suggests these practices were utilized within the TCs’ planning to support student 

understanding of mathematical concepts. Student to student talk accomplished often within 

collaborative work, as well as planning for questions that illuminate student thinking and 
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mathematical connections were the patterns that emerged within discursive practices. The 

existence of these instances within each embedded case can be seen in Table 21.  

Table 21  

Planned Discursive Practices by Secondary Embedded Case 

 
Student to student talk and 

collaborative work  
Explaining thinking and 

solution strategies 
Questioning to make 
mathematics visible 

S1 X 
 

X 

S2 X X 
 

S3 X 
 

X 

S4 X X X 

S5 X X 
 

S6 X X X 

S7 X X X 

S8 X X X 

S9 X X X 
 
 

Student to Student Talk Through Collaborative Work. Teacher planning of moments 

for students to collaborate and discuss mathematics with one another provides opportunities for 

conceptual understanding to be strengthened. Discourse among students is likely to help build 

connections among concepts and strategies. Two main ways planned for students to engage with 

one another found within the secondary case rest around students comparing solutions, as well as 

students working collaboratively to complete tasks and engage in discussions.  

Comparing Answers. While comparing or checking answers alone does not necessarily 

work to build conceptual understanding, planned moments for students to engage with one 

another’s thinking can support conceptual development (Webb et al., 2014). For embedded case 
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S1, the TC planned for students to be placed in groups “to allow for discussion...so that each 

student has someone to discuss their work with” (S1 Lesson Plan). Within these groups students 

were to compare answers and discuss differing strategies and solutions. Similarly, S3 planned for 

students to work in groups to explore functions, real-world applications of such functions, and 

discuss solutions within their group. In a similar fashion, S4 planned for students to work in 

groups to share solution strategies. Embedded case S8 planned for collaborative work as part of a 

unit project that connects polynomial functions to the real-world application of roller coaster 

designs. Students were provided time during each lesson plan to work collaboratively through 

the unit project plan, working through mathematical understanding of polynomial functions 

before designing a roller coaster, considering the applicability of functional characteristics, such 

as domain restrictions. See Figure 13 for the roller coaster design requirements within the 

assignment.  

Figure 13  

Unit Project Portion (S8 Assessments) 

Roller Coaster Design: 
 
You have decided to become a structural engineer who specializes in roller coaster 
design.  Your job is to design your own roller coaster ride. To complete this task, please follow 
these steps:  
 
The amusement park you are designing for gave you the following coaster requirements: 
-your coaster ride must have at least 3 relative maxima and/or minima 
-the ride length must be at least 4 minutes 
-the coaster ride starts at or above 200 feet 
-the ride dives below the ground into a tunnel at least once 

 

While S5 did plan for students to work in groups, the primary purpose for collaboration is 

to check answers with one another, without any clear plan for students to explain thinking or 



  127 

 

delve into deeper conversations. Therefore, this instance did not, as planned, highlight intentional 

opportunities for the development of conceptual development.  

Collaboration and Sharing Thinking. Planned opportunities for students to work 

collaboratively to complete tasks and engage in discussions around solutions appeared within 

several of the embedded cases’ task 1 documents. For embedded case S2, the TC planned for 

students to work in groups to complete a trigonometric graph matching activity, engaging in 

discussion to reach a “consensus of which graph matching with which function and description” 

(S2 planning commentary, p. 5). Additionally, for S2, planned peer teaching moments were 

infused within lesson plans where students would become an expert for a trigonometric function. 

While sharing their knowledge, the TC posits that students “must form their explanation in such 

a way that is both understandable and effective” (S2 planning commentary, p. 5). These 

collaborative and discursive moments planned for students position them as contributors to the 

classroom, as well as serve to support conceptual development of trigonometric functions being 

studied.  

In a similar manner, S6 planned for students to engage in moments of think-pair-share 

about tape diagrams and connections to symbolic representations. One problem the students were 

to think-pair-share about involved students considering tape diagrams and determining what 

equation was represented, see Figure 14. Students were to think independently before pairing up 

to share their thoughts. Once they had shared, they worked collaboratively to determine a 

diagram for other equations, shown in item 1 and 2 in Figure 14. Viewing the importance of 

student collaboration, S6 stated “each day in my learning segment has at least one activity that is 

dedicated to group work” (S6 planning commentary, p. 5). 
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Figure 14  

Tape Diagrams and Symbolic for Think-Pair-Share (S6 instructional materials) 

 

Embedded case S9 planned for similar moments within their classroom. Students were to 

work in small groups to share strategies used to answer questions, as well as complete tasks in 

small groups situated around visual patterns and geometric/arithmetic sequences. Within the 

planned solution strategy moments, students are to engage by explaining their reasoning and 

critiquing the reasoning of others by utilizing sentence starters to support verbalization of 

agreement or disagreement. Finally, within embedded case S7, an instructional shapes activity 

using visual balance scale models to support understanding of systems of equations, students 

were to work together to complete the activity, see Figure 15. Following collaborative work, 

three students’ work samples were to be utilized as a conduit for class discussion and 

highlighting solution strategies.  
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Figure 15  

Lesson 1 Shapes Activity (S7) 

 

Asking for an Explanation. Planning for opportunities for students to explain their 

solution strategies and reasoning is one way that students can begin to process and make sense of 

mathematics. As students articulate their reasoning and solution pathways, they are likely 

building connections among concepts and strategies. These planned moments evidenced within 

the embedded cases included questions planned for facilitation of instructional tasks, discourse 

with other students and the teacher, and presentation of strategies to the whole class. 

Questions Planned Within Instructional Materials. Intentionally incorporating 

questions or moments of explanation within instructional tasks can help facilitate student written 

explanations. Within embedded case S5, planned instructional activities tasked students with 
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generating their own arithmetic or geometric sequence or series situation, explaining why it is 

arithmetic or geometric, and why it is a sequence or series (S5 Instructional materials). The 

sequence of prompts would provide opportunities for students to demonstrate their understanding 

of the mathematical concept. Embedded case S6 planned to pose questions such as “What do the 

parts of your tape diagram represent? How do you know your equation goes with your tape 

diagram?” (S6 Lesson Plans). These questions provide prompts for students to explain their 

solution strategies. Similarly, S8 planned for students to provide explanations about connections 

between functions and roots of a parabola through completing a technology-based exploration. 

Explanations were further prompted within planned assessments where students are provided 

with solutions to a polynomial and asked to generate a polynomial, explaining the “relationship 

between the linear factors of [the] polynomial equation and the provided solutions” (S8 

Assessments). These planned moments of explanation are not limited to written representations. 

Many of the secondary embedded cases planned for students to explain their thinking verbally in 

small and whole group instructional moments.  

Within a planned matching activity of sine and cosine functions, graphical 

representations, and descriptions, students in S2’s class were to collaborate with peers to discuss 

and complete the instructional activity. As S2 planned to monitor the group work, they note that  

To support my students in mathematical discourse I will engage with students with 

questions that probe their thinking and promote mathematical explanations and 

responses. As students complete the matching activity during lesson 1, I will monitor 

their discourse and provide additional questions to stimulate conversations that will 

prepare them for the learning task of teaching one another during lesson 3. Questions I 
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can ask students include: Why is the period 4pi? Where does the graph of cosine begin? 

Why? How did you know that the amplitude was 3?  (S2 Planning Commentary, p. 7). 

Planning for student sharing during whole class discussions was another way for students to be 

engaged with the lesson.  

Questions Planned for Whole Group Discussion. Within embedded case S4, moments 

were planned for students to present and explain their reasoning and work to the class, 

specifically related to explicit and recursive expressions. S4 acknowledged the connection 

between having students explain their reasoning and conceptual development - “When the 

student investigates and interprets the difference between explicit and recursive expressions on 

their own or in groups, it gives them the ability to apply their understanding to new contexts in 

the end having a deeper conceptual understanding.” (S4 Planning commentary, p. 2). During a 

planned number talk, S6 planned for students to explain their strategy for mentally computing 5 - 

2.17, asking other students “Did anyone have the same strategy but would explain it differently?” 

(S6 Lesson Plans). Connecting with another’s thinking was also planned for as S6 anticipated 

asking questions such as “Do you agree or disagree? Why?” (S6 Lesson plans). Within planned 

instructional materials, students in S6’s class were tasked with explaining their reasoning as they 

work with balance hangers to develop understanding of equations and variables. Sequencing of 

student solution strategies for the balance shapes activity previously mentioned is planned within 

S7’s lesson plans. Three students were to be chosen based on the strategy used to determine the 

weight of the shapes - “substitution, elimination, and guess and check” (S7 lesson plans). The 

students were prompted to explain their reasoning to the class. These discussions were to serve 

as a catapult for a direct instructional moment to describe strategies for solving systems of 

equations. Further, within S9’s planned instruction, students would engage in discussion around 
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how they thought about a visual growing pattern. This TC planned for students to respond using 

sentence structures such as “I chose to represent this pattern using a ______ because it showed 

_______” (S9 Lesson plans). This TC indicated that the use of sentence frames “helps students to 

engage in mathematical discourse with their classmates...to explain their use of both types of 

sequences and formulas” (S9 Planning commentary, p. 5).  

Making Mathematics Visible. Planned opportunities for mathematical structure and 

concepts to be illuminated in class can support students’ conceptual understanding development. 

Such instances were realized within several secondary embedded cases, see Table 21. For 

example, as students explore graphs of parent polynomial functions (e.g., y=x2; y=-x3) during a 

warmup, S3 planned to ask students “Do you notice any similarities when graphing these 

polynomials? What kind of patterns do you notice?” (S3 Lesson plan). Furthermore, S3 planned 

for students to consider how a roller coaster application related to polynomial functions and 

domain restrictions by planning for questions such as: “Discuss how the height of the roller 

coaster after 2.5 minutes does not make sense. Why is this? What are the domain restrictions?” 

(S3 Lesson Plan). Embedded case S3 made the mathematics visible by planning for connections 

between aspects of a polynomial function, including end behavior, degree, and leading 

coefficient, to be verbalized by the students. These questions planned by S3 support student 

sensemaking of the connections between characteristics of polynomial functions.  

Activating Prior Knowledge. Connecting new concepts to prior knowledge can help 

support students’ conceptual development as links can bolster understanding. Utilizing 

connections between a visual of a quilt and the concept of completing the square, S1 planned to 

ask the question “How does this [completing the square] relate to the diagram of the quilts?” (S1 

Lesson Plan), prompting students to think about how mathematics connects to the real world 
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visual of a quilt. In plans to discuss a problem about how many customers a gumball machine 

might serve, after students have shared tables, equations, and graphs, S4 planned to ask students 

“how this graph of an arithmetic sequence is like the other arithmetic sequences that we have 

studied in Scott’s Workout and Growing Dots” (S4 Lesson Plan). Similarly, S7 planned 

questions to draw connections between systems of equations and inequalities as students work 

through an interactive technology-based activity. To make mathematical connections visible, this 

TC planned to ask questions such as “How are the solutions to equations similar to solutions to 

inequalities?” (S7 lesson plan). Within one of S8's planned instructional activities shared in task 

1, students were asked to review work they did with division of polynomials and think about 

relationships, with planned questions: “Do you see any apparent relationship between the 

remainder from division and result of synthetic substitution? What conjecture might you form 

based on this observation?” (S8 Assessment - The Remainder Theorem). Student exploration of 

connections between prior skills and forming conjectures of their own helps support conceptual 

development.  

Connecting Representations to Highlight Mathematics. Illuminating mathematics 

concepts by way of students making connections between various representations was illustrated 

in two embedded cases. As students were working with tape diagrams and matching them with 

equations, S6 planned to ask students “How do you know that equation goes with your tape 

diagram?” (S6 Lesson Plan). This question is focused on students thinking about how the 

representation relates to the operations within the symbolic representation. Making these 

connections explicit helps students create mental models of mathematical concepts. In a similar 

way, S9 planned questions situated around students’ understanding of a growing visual pattern, 

asking “How does your equation connect to the pattern? Which representation do you think is the 
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easiest to see? Can you connect this representation to the original pattern?” (S9 Lesson Plan). 

This TC planned for further questioning during a class discussion as students are sharing a table, 

graph, and equations for another pattern task, “How do you see this equation in your table and 

graph?” with the goal of making connections between representations to illuminate the 

mathematical concepts.  

Academic Language Function 

As part of edTPA’s planning task 1, candidates must choose one language function that is 

important for students to understand mathematics and illustrate the language function through at 

least one learning task. Recall that edTPA defines language function as “the content and 

language focus of the learning task, represented by the active verbs within the learning 

outcomes” (edTPA Secondary Mathematics handbook, p. 47). Four distinct academic language 

functions were noted within the secondary case, see Table 22. One embedded case chose analyze 

as their key academic language function, while another embedded case chose compare/contrast. 

Three embedded cases planned for students to describe, while four embedded cases selected 

explain. Within the four embedded cases who chose for students to explain their reasoning, two 

were not realized to develop conceptual understanding, which will be described in the sections 

that follow. As a note, within the edTPA instructions and scoring, only one instance of the 

academic language function must be included within the learning segment.    

Analyze. Embedded case S3 selected analyze as the target academic language function 

for their instructional sequence. The TC planned for students to “analyze the polynomial function 

and determine if the roller coaster makes sense mathematically when connecting it to the real 

world” (S3 Lesson Plan, Day 1). Students were tasked with critically analyzing the viability of a 

function in a roller coaster context, connecting abstract mathematics to real world scenarios. 
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Table 22  

Planned Academic Language Function by Secondary Embedded Case 

 
Analyze Compare/Contrast Describe Explain 

S1 
  

X 
 

S2 
  

X 
 

S3 X 
   

S4 
   

X 

S5 
   

X* 

S6 
   

X 

S7 
  

X 
 

S8 
   

X* 

S9 
 

X 
  

Note: X* represents academic language functions that were not realized to develop conceptual 
understanding. 
 

Compare/Contrast. Embedded case S9 planned to incorporate the selected academic 

language function of compare/contrast in two ways. First, students were to compare/contrast 

arithmetic and geometric sequences in different representations, such as tables, graphs, and 

formulas, to note similarities and differences. Further, students were to compare/contrast the 

explicit and recursive formulas to determine when each is more applicable, noting advantages 

and disadvantages of each through the completion of a comparison chart, see Figure 16.  

Describe. Three embedded cases chose describe as the target academic language function 

within their instructional segment. Two embedded cases primarily focused on students 

describing characteristics of functions. Embedded case S1 planned for students to describe parent 

functions of quadratic equations by “making a table, a graph, and listing the key features of the 

graph” (S1 Planning commentary, p. 8). Additionally, students within S2’s classroom would be 
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describing defining characteristics of trigonometric functions (secant, cosecant, or tangent) and 

their graphs to a small group, where they become experts for a particular function to complete a 

peer teaching activity. The academic language function is realized within embedded case S7’s 

instructional planning through moments where students are describing “a solution to a system of 

equations” (S7 planning commentary, p. 7).  

Figure 16  

Comparison Chart - Explicit and Recursive Formula (S9 Instructional Materials) 

 

Explain. Having opportunities to reason about one’s own thinking or to engage with 

another’s reasoning are important skills in harnessing conceptual understanding around 

mathematical concepts (NCTM, 2014). Four embedded cases indicated explain as their targeted 

academic language function; however, upon further examination only two of those embedded 
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cases included more conceptually focused instances. The two remaining embedded cases for 

whom the use of explain is less conceptually situated are embedded case S5 and S8. For S5, the 

TC stated the learning objectives that align with students explaining, for instance, explaining the 

benefit of Pascal’s triangle when thinking about series and sequence concepts. However, there 

was not a clear plan for student opportunities to do this within the lesson plans. Further, 

embedded case S8 indicated one instance of students explaining through a remainder theorem 

activity. Upon closer analysis, students were to explain how they know a polynomial has a root 

at a specific value of x. The opportunities for students to explain in both embedded case S5 and 

S8 were situated around more procedural focused explanations, rather than positioning the 

explanation in ways that illuminate conceptual understanding. 

For embedded case S4, plans were made for students to explain how they “created their 

equation, graph and table and how this makes sense in the context of the task” (S4 planning 

commentary, p. 6). The tasks for which students were explaining connections among 

representations were focused on arithmetic and geometric sequence scenarios. These explanation 

moments were drawing connections among representations, which can support the development 

of conceptual understanding as links between representations of the same situation are further 

explored by the students. Embedded case S6 provided many opportunities for students to engage 

with the target academic language function of explain. Students were to provide explanations 

around the creation of tape diagrams, how solutions to equations were found using balance 

hangers, and explanations of solution strategies accomplished by synthesizing methods learned 

in prior lessons. Planned questions and discourse moments are included for students to provide 

these explanations within S6’s lesson plans, “each lesson in my learning segment also has one 

learning objective asking students to explain” (S6 planning commentary, p. 5).  
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Overall, the secondary embedded cases planned for connections among varying types of 

representations, instances of discourse, and attention to language functions that position 

conceptual understanding at the forefront of lessons and activities. Connections among visual, 

contextual, and symbolic representations create opportunities to develop a robust understanding 

of mathematical concepts. Planned moments of student discourse, where explanations of 

thinking and strategies were prevalent, as well as planned questions to make the mathematics 

visible were illustrated through the TCs’ planning artifacts.  

Task 2: Instruction 

The findings in this section provide evidence to answer the second research question: As 

evidenced by edTPA artifacts, how do TCs implement and reflect on instruction using multiple 

representations in ways that foster conceptual understanding development? The artifacts 

provided within Task 2 of edTPA, the instruction segment, are snapshots of the secondary TCs’ 

implementation of their planned lessons, as they attend to guided prompts and expectations 

within edTPA documentation. The submitted video clips of instruction, totaling no more than 15 

minutes, and the instructional commentary were analyzed to respond to this research question. 

From the analysis of data, three categories emerged: explicit connections between 

representations, discursive practices, and reflection on instruction. Each of the themes within the 

prominent categories will be explained further in the sections that follow.   

Explicit Connections  

Making connections among representations is one of the key tenets of robust 

mathematical understanding. Analysis of the embedded cases of the secondary case highlighted 

key connections that were most prevalent within instructional artifacts: visual representations in 

support of story problems, connections between contextual and symbolic representations, and 
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connections between visual and symbolic representations, as seen in Table 23. TC S2 did not 

provide evidence of explicit connections, as their video artifacts highlighted students working    

Table 23 

Enacted Explicit Connections by Secondary Embedded Case 

 
Visual representations in 

support of contextual 
problems 

Connections between 
contextual and symbolic 

representations 

Connections between visual 
and symbolic 

representations 

S1 
  

X 

S2 
  

X 

S3 
  

X 

S4 X X 
 

S5 
 

X 
 

S6 X X X 

S7 X X 
 

S8 
  

X 

S9 X X X 
 
 

Visual Representations in Support of Story Problems. Characteristics of teaching for 

conceptual understanding include the incorporation of story problems and representations 

(Jansen et al., 2017). Four embedded cases enacted connections between contextual and visual 

representations. Instructional artifacts for embedded case S4 illustrated how the use of a scenario 

about a child receiving candy to promote completion of homework, see Figure 17. The students 

were provided with instructional scaffolds to generate a table, graph, and symbolic 

representations to connect to the context. “The student shows their conceptual understanding 

because they used the context of Augustus’ plan to create a table, a graph and equations they 
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could show their understanding in all three representations and then explain how they got that” 

(S4 instructional commentary, p. 2).       

Figure 17  

Candy Context (S4 Instructional Materials) 

 

 
For embedded case S6, students were prompted to utilize a visual representation, namely 

a tape diagram, to understand the structure of contextual problems. For example, the contextual 

problem “Andre’s school has 20 clubs, which is five times as many as his cousin’s school. His 

cousin’s school has x clubs” (S6 Instructional Materials, Day 1) was highlighted within S6’s 

video artifacts. Students were able to draw connections between the structure of the provided 

problem and how that would translate to a tape diagram. “This showed that my students were 

beginning to build conceptual understanding because they were able to apply the tape diagrams 

to understand a conceptual scenario” (S6 instructional commentary, p. 4). Connections to the 

structure of mathematics through utilizing visual representations in support of context problems 

was also seen in S7’s video artifacts. Visual representations included a table and graph to 

represent the cost of hiring a window company based on information provided. Connections to 

the visual representations and the context provided opportunities for students to make sense of 

the structure of systems of equations and served as a catapult for class discussion. A scenario 

about a chain email and the amount of people receiving the email each day is a context used in 

embedded case S9 to develop an understanding of arithmetic and geometric sequences. S9 
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utilizes a table of values to help students make sense of this scenario. The TC indicates “...by 

using the table and by connecting aspects of it back to the context of the problem, students were 

able to make connections between the context and the mathematics they were learning” (S9 

instructional commentary, p. 3).    

Connections Between Contextual and Symbolic Representations. Utilizing contextual 

representations as a springboard for symbolic representations can support sensemaking for 

students (Jansen et al., 2017). Five embedded cases enacted such moments within their 

instructional artifacts. For embedded case S4, as students grapple with the candy context, seen in 

Figure 17 above, there was a goal of not only generating a table of values and a graph, but 

ultimately writing explicit and recursive equations to represent the scenario. Students were 

engaged in a class discussion about connections between components of the equations and how 

that connects to the contextual problem. Also connecting to a candy context, students in S5’s 

class used the contextual problem to discern information as it relates to geometric sequences and 

series. Students had to draw connections between prompts in the contextual problem to the 

mathematical symbolic representations and structures to determine whether the scenario is a 

sequence or series and how to generate a formula for the problem. These connections were 

building students’ understanding of the concepts being taught.  

Through contextual problems and visual representations, embedded case S6 used context 

and tape diagrams for students to “not only understand how to solve an equation in the future, 

but to also genuinely understand what an equation and the variables within it mean” (S6 

instructional commentary, p. 4). Understanding components of symbolic representations as it 

relates to real world situations was illustrated within embedded case S7’s instruction. As students 

engaged in discussion around constant values in a linear equation and their connection to the 
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window cleaning company scenarios, it “allowed students to think about the relation of the 

equation...to see the initial value more clearly” (S7 instructional commentary, p. 3). Similarly, 

within S9’s video students were confused as to how the parameters provided within a chain 

email context related to input and output for a function. To clarify, the teacher “explained to 

students that since the number of people who receive the email depends on the day, we will 

represent day as n and people who receive the email as f(n). This helped students to make 

connections between the context of the problem...and related function notation to the context of 

the problem” (S9 instructional commentary, p. 2).  

Connections Between Visual and Symbolic Representations. As many of the 

embedded cases’ instructional sequences were focused on an understanding of functions, 

graphical representations, tables and equations were analyzed most frequently. Within S1’s 

instruction, students were translating between graphical and tabular representations of quadratic 

function transformations to determine equations to represent those visual models. Likewise, S2 

and S3 included connections between symbolic trigonometric and polynomial equations, 

respectively, and visual representations of graphs and tables. Visual tape diagram representations 

served as a foundation for students in S6’s classroom instruction to connect to expressions and 

equations. For students within embedded case S8’s lessons, the use of a coordinate plane 

supported students' ability to “see a visual representation of the linear factors and zeros of 

polynomials” (S8 instructional commentary, p. 3). Students engaged in “developing conceptual 

understanding through summarizing the relationship between the equation for a polynomial 

function of the form f(x) = (x-a)(x-b) and the graph for that polynomial function” (S8 

instructional commentary, p. 2). Connecting the graphical representation with the polynomial 

equation provided space for students to deepen their understanding of quadratic functions. 
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Linking components of visual representations to symbolic representations was also seen in 

embedded case S9. Students were tasked with determining how to use a table of values to 

generate an explicit formula for arithmetic and geometric sequences. 

Discursive Practices 

Verbal representations for this study include discourse moments and questioning. Codes 

within these categories were further investigated to determine how verbal representations were 

being harnessed to influence conceptual understanding for students. Evidence from data suggests 

these practices were utilized within the TCs’ instruction to impact student sensemaking. Three 

patterns within the overarching discursive practices category emerged in the Task 2 instruction 

documents for the secondary case: (1) student to student talk, (2) probing questioning, and (3) 

making the mathematics visible through questioning. Evidence of these opportunities within each 

embedded case can be seen in Table 24. As noted in Table 24, TCs S3 and S8 did not engage in 

these discurisve practices, rather they primarily situated their instruction on asking fact and recall 

based questions.  

Student to Student Talk. Opportunities for students to engage with peers in sharing 

thinking and solution strategies is an important aspect of student sensemaking and conceptual 

development, as they can engage with others’ thinking. Three of the embedded secondary cases 

enacted such moments within their instruction. During embedded case S1’s video clips, students 

were seen working together in small groups to complete tasks. Students were engaging with 

other students to explain and ask questions of one another. Following a question posed to the 

teacher and an ensuing discussion, the students were able to “lead in explaining [the] discussion 

to another student” (S1 instructional commentary, p. 2). It was evident from the video evidence 
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that students within S1’s classroom were comfortable having discussions among themselves and 

asking questions of one another.  

Table 24  

Enacted Discursive Practices by Secondary Embedded Case 

 
Student to student talk Probing questions Making the mathematics visible  

S1 X X 
 

S2 
 

X 
 

S3 
   

S4 
 

X 
 

S5 X X X 

S6 
 

X 
 

S7 
 

X X 

S8 
   

S9 X X 
 

 

Likewise, within embedded case S5’s instructional video clips, students were interacting 

within small groups. Students were responding to each other’s questions regarding a portion of a 

contextual problem situated around series and sequences and determining if the situation should 

be modeled with a sequence or a series. This TC noted “They are developing conceptual 

understanding throughout this interaction as they begin to understand the significance of the ball 

rebounding and the meaning in context” (S5 Instructional commentary, p. 4). Students within 

S5’s classroom participated in these discussions to make sense of the mathematical concepts 

being studied.  

Students in S9's classroom were seen sitting in small groups, positioned to have 

discussions with each other. The students were sharing how they solved a problem from a 
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homework assignment with their groups. Next, the TC prompted the students to discuss 

discrepancies between their solutions, using sentence starters such as “I agree because….” or “I 

disagree because…” The TC further pushed students to engage in meaningful discourse with one 

another when they indicated students should “make sure you are justifying why you feel that way 

about...someone’s answer” (S9 Video Clip 1 transcription). Students were collaboratively 

engaging in discourse that can help them develop conceptual understanding around the 

mathematics concepts.    

Probing Questions. An area of questioning that can support conceptual development is 

when students are asked probing questions to critically consider their own thinking or the 

thinking of others (NCTM, 2014). Probing questions for this study are defined to be any question 

that makes student thinking visible. When students are asked to think deeply about mathematics 

and their reasoning, conceptual development is being fostered. Probing questions were realized 

in seven of the secondary embedded cases, see Table 24.  

Within embedded case S1, the teacher engaged with a small group who had a question, as 

evidenced by one of the video clip artifacts. The TC asked if all students agree with a statement 

made by one of the students in the group, the TC then asked a student “So why did you not 

agree?” (S1 Video Clip 1 transcription). The student responded and then another student shared 

their thinking as it related to the task at hand. This question by the teacher then led the students 

within the group to continue discussing the item amongst themselves until they determined the 

best path moving forward. Additionally, as a new student was brought into the group that was 

having a similar discussion around an equation to model a problem, the TC asked the new 

student to “explain why you think it is 4x squared” (S1 video clip 2 transcription). This 

opportunity provided space for this student to explain their thinking and the other group 
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members, who had already had a conversation earlier in the lesson about the same issue, a 

platform to share how they thought about the problem.  

 Similarly, within embedded case S2, as students are seen working in small groups, the 

TC stopped at one group to discuss a graphical representation. The TC engaged with a student to 

discuss dashes that were present on their graph. The TC asked the student why those dashes were 

on the graph, and after the student acknowledged this as an asymptote, the TC asked the student 

to explain why that is a feature of this graph. While the motivation for asking the question is not 

clear from the evidence, such questions do provide opportunities to help make connections 

between the function and characteristics of the visual representation.  

Probing questioning was also seen in embedded case S4. Students were working 

collaboratively to complete a table of values for a scenario where the pieces of candy are 

doubling each day. A student’s work was displayed under the document camera including an 

explicit formula. The TC said “so explain to us how you got this.” (S4 video clip 2 transcription). 

The student then explained how the information from the table was used to generate the 

equation, drawing connections between the representations present within the problem. As the 

class was continuing to discuss the candy context, a student provided a number of candies on day 

30. “The majority of students agree that he was not correct. I build on their responses by asking 

why is he not correct?...one student says “it’s because it’s more.” I then ask…”why is it more?” 

(S4 Instructional commentary, p. 3). The TC was probing the responding student’s thinking to 

focus on the mathematical concept and connections that can be expressed regarding the structure 

of the problem being discussed.  

Connecting to prior knowledge, embedded case S5 utilized a class discussion about a 

contextual problem to ask students to provide reasoning for quick responses. The TC asked if the 
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displayed problem was representative of an arithmetic or geometric sequence, when a quick 

response from a student was heard, the TC asked, “how do [you] know that?” (S5 video clip 2 

transcript). The TC was probing the student’s thinking about how they make sense of various 

contextual problems and determined whether they are examples of arithmetic or geometric 

situations.  

As students within embedded case S6 were sharing their work from drawing a tape 

diagram to represent 18=3+x under the document camera, the TC asked the first student “can 

you explain why you are doing what you are doing while you are doing it?” (S6 video clip 1 

transcript). The student was drawing a tape diagram and discussing how they thought about what 

value plus 3 equals 18, which was revoiced by the teacher. This TC continued to ask students to 

not only draw their diagrams, but to share why they thought about it the way they did. Further, 

utilizing an instructional routine of a number talk, S6 provided a platform for students to share 

their reasoning for how they solved 5 - 2.17 mentally, along with their answer. As the student 

was describing their solution strategy, the TC interjected with probing questions, such as “why 

did you do 100-17?” (S6 video clip 2 transcription), to help the student further think about and 

explain their reasoning. As the student was sharing their reasoning, they changed their answer. 

The TC further probed by asking “why did you change your answer?” (S6 video clip 2 

transcription). The student reasoned about regrouping numbers and responded: “Because if I do 

like the 83 it will equal one then the other...that is a whole” (S6 video clip 2 transcription). This 

student’s experience of sharing their reasoning and being prompted by the teacher with probing 

questions likely led to a more complete understanding of the operations and representations.     

In a class discussion within embedded case S7’s video clips, three different students had 

written equations, tables, and a graph on the whiteboard to represent window washing scenarios 
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where they are comparing 2 different companies. The TC asked a student “can you tell us how 

you got these equations?” (S7 video clip 2 transcript). As the student was explaining the 

equations they generated to model the scenarios, the TC asked, “So what made you think that 25 

and 50 remained constant for the equations?” (S7 Video clip 2 transcription). The student then 

explained what parts of the scenarios indicated that 25 and 50 would be constant in the 

equations, stating “[be]Cause it said for each service call, so it would be that number, but for 

each window they add, or 15 times each window” (S7 video clip 2 transcription). This question 

supported the student in explaining to the whole class how the equation related to the contextual 

problem. Asking questions to draw students to connect various representations was also seen in 

S9’s video artifacts. Within a class discussion about a scenario where chain emails are sent, the 

TC asked students how they knew that the values they were providing to complete a table fit 

with the scenario. These questions encouraged students to think about how the values connected 

to the information provided and the pattern that is elicited from those actions. Some of the 

probing questions may also be considered moments to illuminate the mathematical concepts. In 

the section that follows two examples are further expanded to describe how the questions 

highlighted the mathematical concepts.  

Making the Mathematics Visible. Connections among mathematical structures and 

ideas is at the forefront of making the mathematics visible (NCTM, 2014). Two examples are 

described below, that connect to the probing question moments. For embedded case S5, students 

were discussing the formula for a geometric series based on a context provided. The TC asked 

students to explain what the common ratio is and why it is 0.6 rather than 1-0.6. A student 

responded, “If it was 1 it would mean it is bouncing the same height each bounce, if it is over 1 it 

is bouncing higher, and less than 1 means it is not bouncing as high” (S5 video clip 2 
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transcription). These questions from the TC provided opportunities for the student to explain 

how structures within a geometric series formula, namely the common ratio, related to the 

context of the problem and real-world applicability of components of the formula. Additionally, 

for embedded case S7, as a class discussion was occurring related to two window washing 

scenarios, a student explained their generated equations to model each context.  Prompted by the 

TC, the student explained what components of the two scenarios indicated that specific values 

would remain constant in the equation. The TC indicated within commentary responses that this 

interaction was supporting students’ development of conceptual understanding since they were 

making connections between symbolic notation and the context of the problem - making it 

visible why values were constants in the equation based on the scenario. Within the secondary 

case TCs enacted questions that probed student thinking, as well as made the mathematics 

visible.   

Reflection on instruction  

Reflections on implementation resulted in noted changes that are consistent with teaching 

mathematics through a conceptual lens. Within the instructional commentary for Task 2, TCs 

responded to the prompt of how they would change the lesson implementation with four main 

ideas: engaging students in more student-to-student talk opportunities, higher level questioning, 

connecting representations, and increased wait time, see Table 25. As noted in Table 25, S1 did 

not provide evidence of reflection aligned with any of the indicated categories, but reflected on 

teacher actions of providing better directions within the lesson for how students continue to work 

through questions they had, rather than waiting on the TC to “come to their table so that [they] 

could answer their questions instead” (S1 instructional commentary, p. 4).  
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Table 25  

Reflection on Instruction by Secondary Embedded Case 

 
More student-to-student talk 

opportunities 
Higher level 
questioning 

Connecting 
representations 

Increased wait 
time 

S1 
    

S2 X 
   

S3 
 

X 
  

S4 
   

X 

S5 X X 
  

S6 
   

X 

S7 X X X 
 

S8 
 

X 
  

S9 X 
 

X 
 

 
 

More Student-to-Student Talk Opportunities. Discourse among students provides an 

important avenue for students to wrestle with mathematics and engage with others’ reasoning. 

Four embedded cases indicated in their reflection of instruction that more student-to-student talk 

would have benefited their lessons. As S2 reflected on their lesson, they noted that students were 

not working collaboratively in groups like they had hoped. This TC indicated that they could 

have provided “students with more explicit questions to discuss in their groups. Questions could 

include: Why does your calculator produce an error message from some of the given angle 

measures? How does the presence of these “errors” affect the graph of each function? How are 

these graphs related to the graphs of other trigonometric functions?” (S2 instructional 

commentary, p. 4). Providing scaffolds for students to communicate with one another was also 

mentioned as embedded case S5 reflected on their instruction. One such support mentioned by 
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S5 to engage students in more dialogue was to have students revoice others’ ideas during 

discussions, acknowledging how this contributes to sensemaking. “Making students elaborate on 

their ideas and revoice ideas in their own words helps them develop more conceptual 

understanding and engage them in mathematical reasoning” (S5 instructional commentary, p. 6).  

An additional instructional support for more student-to-student talk was mentioned in 

S7’s reflection. Having students engage in a think, pair, share format was a way that this TC 

would revise their instruction, providing space for students to think deeply about the connections 

between representations, how they relate to the contextual problem at hand, and to be engaged in 

the conversation in a more meaningful way. The TC reflected on the amount of teacher focused 

discourse, indicating more student discourse would have improved the lesson, namely having 

“students explain their thoughts more” (S7 instructional commentary, p. 5). Considering the 

amount of time discussions could have been reframed to be more student centered was a 

reflection for S9. This TC noted how “student to student discourse was minimal during this 

learning segment” (S9 instructional commentary, p. 4). Instructional changes that include an 

increase in student discourse can promote deeper mathematical understanding.  

Higher Level Questioning. As some of the TCs reflected on their instruction they noted 

a change that they would make if implementing the lessons again would be to include more high-

level questions within instruction. For embedded case S3, they reflected on generating questions 

within the scavenger hunt activity that would require students to connect various components of 

their knowledge around polynomials, such as end behavior for which “students must have a 

conceptual understanding of end behavior, how different polynomial characteristics can affect 

the end behavior, and how end behavior is determined for specific graphs” (S3 instructional 

commentary, p. 5). This TC stated that such questions could support deeper student learning, as 
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well as challenge students for whom their focus may be on procedural skills to formulate their 

understanding. In a similar way, embedded case S5 acknowledged “a big idea I want to focus on 

is questioning” (S5 instructional commentary, p. 5), sharing that more questioning during class 

discussion could have helped illuminate the connection between Pascal’s triangle and binomial 

expansion. Embedded case S7 reflected on how asking “more thought provoking questions” (S7 

instructional commentary, p. 5) could have supported students in making connections between 

the multiple representations used during class discussion around the window cleaning 

companies, rather than the TC explaining all of the connections. Other “critical thinking 

questions” (S8 instructional commentary, p. 4) would be a change that S8 would make as 

students were progressing through a technology-based activity. Questions that connect aspects of 

the graph for a polynomial function such as “why [does] the change in the direction of the graph 

represent a multiplicity?” (S8 instructional commentary, p. 4). The TC indicated that questions 

such as this one can promote student learning by “helping students draw connections between 

different representations” (S8 instructional commentary, p. 4).   

Connecting Representations. Connections among representations have proven to be 

challenging for students to make on their own (Dreher et al., 2016); however, developing those 

relationships is important for robust student understanding of mathematical concepts. Supporting 

students in connecting representations is another aspect that two embedded cases acknowledged 

as they reflected on instruction. Reflecting on instruction, embedded case S7 noted that explicitly 

highlighting connections between representations, namely tables, graphs, and equations, could 

have helped support students in understanding the relationship between all representations, 

including the contextual problem. Likewise, embedded case S9 indicated a change in 

implementation to include making connections concrete and evident for students. In doing so, 
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this could support students in making “explicit connections between representations of 

sequences” (S9 Instructional commentary, p. 5) and understanding the structure of arithmetic and 

geometric sequence scenarios.  

Increased Wait Time. When considering leveraging ambitious mathematics teaching 

practices, such as student participation and discourse, one characteristic is that of wait time. Wait 

time provides space for students to consider questions and their responses. Two embedded cases 

acknowledged the need for increased wait time within their instruction. For S4, asking questions 

and moving on once a student has answered was a reflection point. This TC considered how the 

automaticity of moving to the next task could limit student understanding, as they were not 

taking time to dwell on any question or answer for any length of time. This was a similar 

inclination for embedded case S6. S6 noted how during the instructional routine of a number talk 

enough time may not have been provided for students to think about multiple strategies to solve 

the problem, rather, rushing to garner an answer from a student in the class.  

Instructional practices demonstrated through task 2 of the edTPA portfolios of the 

embedded cases highlighted how these TCs illustrated explicit connections among 

representations, enacted discursive practices, and reflected on instruction. Building connections 

among representations to highlight functional understandings were prevalent in the secondary 

case. Task 2 videos and commentaries provided evidence of discourse and various types of 

questions asked by the TCs. Reflecting on enactment, the TCs indicated several areas of change 

that align with practices supported in this study’s conceptual framework.    

Task 3: Assessment 

The findings detailed below are in response to the third research question: As evidenced 

by edTPA artifacts, how do TCs assess student understanding using multiple representations in 
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ways that foster conceptual understanding development? The artifacts analyzed within Task 3 of 

edTPA, the assessment portion, is focused around one assessment students completed during the 

instructional sequence. Student work samples, optional video evidence of feedback or language 

usage, evaluation criteria, and assessment commentary responses were the data sources analyzed 

to respond to this research question. From the analysis of the data, two categories emerged 

regarding how secondary TCs assessed student understanding through a lens of conceptual 

understanding: explicit connections between representations and asking students for written 

explanations of answers/thinking, see Table 26.  

Table 26  

Patterns within Assessment by Secondary Embedded Case 

 
Connections between 

contextual and symbolic 
representations 

Connections between 
visual and symbolic 

representations 

Connections between 
verbal and symbolic 

representations 

Asking for an 
explanation 

 

S1 
 

X X X  

S2 X X X   

S3 
 

X X X  

S4 
   

X  

S5 X 
  

  

S6 X 
  

  

S7 X 
  

  

S8 
   

X  

S9 
 

X 
 

  
 
Explicit Connections 

Continuing to make connections among representations during assessment can support 

students’ conceptual understanding development and provide evidence to make instructional 
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decisions for the teacher. In analyzing the student work samples and assessment tasks within task 

3 of edTPA, there were instances of several connections among representations including: 

connections between contextual and symbolic, visual and symbolic, and verbal and symbolic 

representations, see Table 26 above.  

Connections Between Context and Symbolic Representations. Four embedded cases 

situated at least a portion of their assessment such that students were tasked with translating 

between contextual problems and symbolic representations. Within embedded case S2, students 

were provided with a description of a roller coaster and tasked with writing the function that 

models the height of the coaster above the ground, utilizing trigonometric functions. For the 

focused assessment in embedded case S5, two problems on the assessment provided contextual 

scenarios where “students had to determine whether the given context involved using an 

arithmetic/geometric/infinite sequence or series, and then they had to choose the correct formula 

to use, and finally solve the problem” (S5 assessment commentary, p. 3). Similarly, S7's 

assessment provided students with a contextual problem about two airline’s fees, where students 

were tasked to produce a system of equations to model the scenarios. Conversely, for S6’s 

focused assessment, an exit ticket, students were provided with a symbolic equation and asked to 

generate a story problem that could be modeled by the symbolic representation. While symbolic 

representations do not individually often lead to conceptual understanding, student translation 

from a context to a symbolic mathematical notation can support conceptual development, as 

students are making sense of the structure of the problem and parameters that correlate to that 

structure.       

Connections Between Visual and Symbolic Representations. Connecting visual 

representations such as graphs and tables of values to symbolic equations was the primary means 
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that connections of this kind were realized within the assessment. For S1, a portion of students’ 

quiz included a given quadratic function where students were asked to construct a graphical 

representation of the function, noting key features such as axis of symmetry, domain, range, and 

intervals for which the function is increasing and decreasing. Furthermore, students were 

provided with graphical representations of translated quadratic functions and asked to generate a 

possible function. The focused assessment for embedded case S2 included similar connections 

between visual and symbolic representations, where students graph a trigonometric function 

from a given table of values. Continuing the focus on functions, the assessment for embedded 

case S3 included a description of a roller coaster with the corresponding function provided, 

where students were tasked with graphing and identifying three key characteristics of the 

polynomial function. The focused assessment for embedded case S9 was situated around a 

growing dot pattern, where prompts for students to determine possible explicit and recursive 

formulas to model the pattern were included. As mentioned previously, many of the instructional 

sequences included within the secondary case were focused on functional understanding, so it 

would be expected that many assessments would also have features that align with functional 

representations such as graphs, tables, and equations.    

Connections Between Verbal and Symbolic Representations. Verbal representations 

in the context of assessment moments are written language. Three of the embedded cases’ 

assessments included opportunities for students to draw connections between verbal and 

symbolic representations. For the assessment within embedded case S1, students were provided 

written descriptions of translations of the parent function y = x2 and asked to write the symbolic 

notation that would model such a translation. Likewise, S2’s assessment provided parameters of 

a sine function transformation, asking students to write the sine function that would correspond. 
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In contrast, the assessment within embedded case S3 provided a symbolic representation of a 

function that models a roller coaster path, and students were tasked with interpreting in written 

language values that result from that function.  

Asking for Explanations  

Questions asked for students to provide written explanations were found in four of the 

embedded cases’ focused assessment materials. Within S1’s assessment, students were provided 

a polynomial function, given key features, some of which were incorrect, and asked to graph the 

function, correct the mistakes, and provide a justification for their thinking about the problem, 

see Figure 18. The explanation that was required to justify the changes made in the problem 

provides evidence in relation to students’ understanding of polynomial functions, their graphs, 

and characteristics.     

Figure 18  

Student work sample (S1 assessment) 
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The focused assessment for embedded case S3 asked students to interpret symbolic 

values (e.g., h(3.5)) within a context of a roller coaster and explain the reasonableness of their 

answers in context. Connecting the mathematical structures, symbolic representations, and the 

applicability of values in real world settings support students in making sense of mathematics. 

Additionally, the targeted assessment for S4 was an exit ticket where students were given three 

different numeric sequences and asked to determine if they were arithmetic and to explain their 

answer. Student work samples showed that students could apply what they know about 

arithmetic sequences to respond using how the pattern is behaving (ex: It is not arithmetic 

because it is multiplying by 2).  

Student explanations also served to support making the mathematics visible. Within S8’s 

assessment, students were asked to review work they did with division of polynomials and think 

about relationships. Prompts such as “Do you see any apparent relationship between the 

remainder from division and result of synthetic substitution? What conjecture might you form 

based on this observation?” (S8 Assessment). Having students explain the relationship they see 

supports drawing connections between aspects of mathematical concepts.  

The secondary case assessment task incorporated moments for students to demonstrate 

knowledge of connections among representations and provide written explanations of their 

thinking and solutions. Maintaining such explicit connection moments and questioning practices 

throughout the assessment task highlights how these practices remained the forefront of these 

TC’s planning, implementation, and assessment.    

Cross Task Analysis 

In analyzing the secondary case across the three tasks that comprise the edTPA 

portfolios, two categories emerged regarding practices the TCs within this secondary case are 
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demonstrating as they relate to conceptual understanding development and representations. The 

patterns viewed within the code categories include attending to students engaging with multiple 

representations to highlight understanding, especially connections between (1) visual and 

contextual and (2) symbolic and visual representations. Questioning practices that support 

students’ conceptual understanding development were also realized. These categories will be 

further explored in the sections that follow. 

Engagement with Multiple Representations 

The secondary case illustrated how the embedded case TCs were attending to the 

importance of students engaging with multiple representations to solidify mathematical 

understandings, especially between visual and contextual representations, as well as symbolic 

and visual. Situations where students are expected to utilize various representations are more 

effective in supporting students’ conceptual development than those without connections 

between multiple representations (Heinze et al., 2009), see Table 27. 

Many of the TCs’ lessons in the secondary case focused on functions, mathematical 

content that often includes connections between contextual, visual, and symbolic representations. 

The prevalence of these representations aligns with concrete - representational - abstract 

instructional practices. Positioning mathematical concepts within real world contexts provides 

possibilities for exploration as students are generating representations, such as graphs, before 

moving to abstract functional notation. For example, within embedded case S7, a scenario where 

students were faced with two window cleaning companies was the basis for exploration of 

graphical and tabular representations in route to generating a system of linear equations to 

consider which company to recommend. Explicit connections between the representations were 
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included within the classroom discussion, providing opportunities for students to develop a more 

robust understanding of the mathematical concepts within the lesson.  

Table 27  

Secondary Case Engagement with Multiple Representations Across edTPA Tasks 

 Planning  Instruction  Assessment 
 

Visual in 
support of 

context  

Connections 
between 

physical/visual 
and symbolic 

 Visual in 
support of 

context  

Connections 
between visual 
and symbolic 

 Visual in 
support of 

context  

Connections 
between visual 
and symbolic 

S1  X   X   X 

S2 X X   X  X X 

S3 X X   X   X 

S4 X   X     

S5       X  

S6 X X  X X  X  

S7 X X  X   X  

S8  X   X    

S9 X X  X X   X 
 

Questioning Practices 

The secondary embedded cases demonstrated the ability to plan for and implement higher 

level questions (e.g., probing, asking for explanations), see Table 28. While the categorization 

and magnitude of anticipated higher order questions planned for within task 1 may not align 

exactly with those enacted in task 2 artifacts, many embedded cases were able to implement 

questioning practices that support students’ conceptual development. For example, within S4’s 

planning task, anticipated moments of questions aligned with student explanations of solution 

strategies and connecting new concepts to prior experiences are illustrated. In plans to discuss a 
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problem completed about how many customers a gumball machine might serve, after students 

have shared visual and symbolic representations, S4 planned to ask students “how this graph of 

an arithmetic sequence is like the other arithmetic sequences that we have studied in Scott’s 

Workout and Growing Dots” (S4 Lesson Plan). Within the implementation of S4’s instructional 

sequence, evidence was provided to support questioning practices that elicited and built on 

student responses, such as asking students to explain how they connected a table of values to an 

explicit formula for a contextual scenario. While not all embedded cases within the secondary 

case planned for and implemented higher order questioning practices, many moved beyond 

simply asking gathering information questions to begin to illuminate student thinking.  

Table 28  

Secondary Case Questioning Practices Across Planning and Instruction 

 Planning Instruction 
 

Questioning to make 
mathematics visible 

Probing questions 

S1 X X 

S2 
 

X 

S3 X  

S4 X X 

S5 
 

X 

S6 X X 

S7 X X 

S8 X  

S9 X X 
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The secondary case across all three edTPA tasks illustrated practices that can support 

conceptual development for students. Attention to meaningful inclusion of contextual, visual, 

and symbolic representations to build understanding was evident throughout planning, 

instruction, and assessment artifacts. The TCs demonstrated a focus on questioning practices that 

support discourse and making student thinking visible through intentional planning and inclusion 

of students within classroom discussions. The inclusion of questioning practices within planning, 

implementation, and reflection, while shown to be a complex endeavor for novice teachers, is an 

encouraging illustration of the understanding of effective mathematics teaching practice for 

conceptual understanding these TCs possess. 
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CHAPTER 6: CROSS-CASE ANALYSIS AND DISCUSSION 

In this final chapter, I begin by discussing prominent patterns and differences that 

emerged in the cross-case analysis. The purpose of this study was to examine how TCs from 

various grade bands incorporate and leverage multiple representations to facilitate the 

development of conceptual understanding among their students, specifically within the construct 

of edTPA. The cross-case analysis provides evidence to address the fourth and final research 

question: As evidenced by edTPA artifacts, what are the similarities and differences in the nature 

of incorporation of multiple representations during mathematics planning, instruction, and 

assessment in different grade bands? I follow the cross-case discussion with implications for 

teacher preparation programs and beginning teacher support. Following those sections, 

limitations of the study and future research avenues are elucidated. Finally, I close with 

concluding thoughts.  

  Cross-Case Analysis 

In addition to exploring themes within each case, a cross-case analysis was used to 

synthesize findings across both the elementary and secondary cases (Creswell & Poth, 2018). In 

what follows I discuss findings from three prominent categories from the cross-case analysis. Of 

note, the analysis is bound by the artifacts submitted within each TCs’ edTPA portfolio and the 

expectations and prompts therewithin. First, I describe how the cases utilized explicit 

connections between representations to build student understanding of mathematical concepts. 

Next, I describe opportunities planned and enacted for students to engage in discourse and 

questioning by the teacher, evidence of verbal representations, between cases. I follow with 

describing similarities in how the TCs across the two cases reflected on instruction through the 

lens of practices that support teaching mathematics for conceptual understanding.   
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Connections Across Representations  

Both cases utilized connections between representations throughout planning, instruction, 

and assessment. Specifically, the main types of representations were contextual, visual, and 

symbolic (see Table 29). The elementary case, by nature of the mathematical content focus of 

their learning segments, were primarily focused on place value representations, whereas the 

secondary case’s learning segments primarily focused on functional representations. 

The elementary case tended to plan, implement, and assess visual representations, as well 

as symbolic representations, resulting from story problems. The visual representations within the 

elementary case tended to be student-created representations, such as base ten block drawings, 

shapes to illustrate a scenario, and bar models. These representations highlighted how students 

may use visual models to support their solution strategies. For example, seen in embedded case 

E6, students utilized a visual representation (e.g., counting on with visuals, ten frames, cubes) to 

support their sensemaking of addition and subtraction tasks. Providing space for students to 

generate their own representations, even provided they may lack sufficient detail, has been 

shown to be more productive in the development of conceptual understanding and mathematical 

expertise than can be realized through teacher or curriculum generated representations (Terwel et 

al., 2009).   

The secondary case tended to plan, implement, and assess visuals such as graphs and 

tables to describe contextual situations, supported by symbolic representations. The emphasis on 

such representations was likely due to the focus on functions in many of the embedded 

secondary cases. Connecting context to symbolic for the secondary case tended to task students 

either with generating equations to model the context presented or generating additional 

representations (e.g., graph, table) when provided both a context and its associated equation(s). 
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For instance, within embedded case S7, students were provided a context of two window 

washing companies and asked to prepare an argument to determine which company would be 

better. In the implementation of the lesson, students shared generated representations including 

equations, graphs, and tables. In comparison, within embedded case S3 students were provided 

with the context of a roller coaster and provided with a polynomial function to represent the 

scenario. The students then graphed the provided function and connected the symbolic 

representation to the roller coaster context. For instance, students evaluated the function at a 

value of 3.5 then described practical implications for that value. Moving between visual 

representations, such as graphs, and symbolic representations of equations have been noted to be 

“fundamental in developing the flexibility to move fluently among representations” (Knuth, 

2000, p. 501).  

While the elementary and secondary cases both tended to plan, implement, and provide 

opportunities within assessments for students to draw connections between representations, the 

depth of these moments to support conceptual development varied between the cases. The ways 

in which the elementary case tended to utilize multiple representations highlighted how the 

representations could support mathematical understanding of the concepts. For example, students 

in E4’s classroom were provided with a symbolic multi-digit subtraction problem and asked to 

highlight their thinking using place value representations, drawing attention to when regrouping 

was necessary. Students in E6’s classroom were tasked with using visual representations for 

addition and subtraction story problems, both during the lesson and on the assessment. Similarly, 

but including an additional representation type, students in E7’s classrooms engaged with three 

different types of representations when they were provided a story problem and tasked with 

writing an equation and utilizing ten frames to represent their solution strategy. Utilizing place 
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value representations to connect contextual and symbolic representations can support conceptual 

development as students make sense of the number system, its representations, and underlying 

concepts such as regrouping in standard algorithms. 

The secondary case, while incorporating multiple representations, tended to utilize symbolic 

and visual (specifically graphical) representations. As seen in Table 29, within four embedded 

cases, S1, S2, S3, and S8, students were primarily exploring connections between symbolic and 

visual representations without context. These opportunities typically involved students 

evaluating the symbolic equation at various values to determine points on a coordinate plane. 

The assessment for S1 highlighted connections between symbolic function equations and 

graphical representations where students were provided an equation to graph, often generating a 

table of values to determine the graph. Another example was embodied during one of S3’s 

lessons as students were engaged in a writing polynomials scavenger hunt. Nine different 

polynomial graphs were placed around the room for which students were to write the correct 

polynomial function and find it on another station card to continue the scavenger hunt. The 

evidence suggests that students were primarily navigating through a process, while minimally 

considering characteristics of functions. While the connection between visual and symbolic 

representations have been shown to be an important factor in flexibly thinking about functions 

(Knuth, 2000), evidence from data do not highlight student development of conceptual 

understanding of connections between functional representations. Many student work samples 

within these embedded cases illustrated that students were not considering specific functional 

characteristics, such as relationships between translated functions, rather they were working 

through a process of evaluating values to generate a graph.  
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Much of what was seen in terms of connections among representations for both cases were 

likely due to the nature of curricular materials at play. All of the TCs within the elementary case 

were utilizing the same curriculum mapping resources based on their grade level. These 

resources incorporate representations within lessons. Five of the embedded cases in the 

secondary case were utilizing similar curricula with a focus on multiple representations and 

supporting student investigation of concepts. These resources can support an increase in 

incorporating multiple representations within instruction than might occur with more traditional 

curricular resources. For instance, as noted in Table 29, S2 and S3 did not implement 

connections between the included representations. Both TCs were teaching in advanced 

mathematics courses, Honors Pre-Calculus and Honors Math 3 respectively. These courses did 

not utilize similar curricular materials as the five other TCs mentioned previously, thus this could 

have impacted their lack of inclusion of multiple representations. Additionally, the depth with 

which connections were employed across representations could have been influenced by the 

clinical teacher with whom each TC was working. Research shows that clinical teachers play an 

important role in TCs’ development during student teaching (e.g., Matsko et al., 2020; Norville 

& Park, 2021).  

The complexities of procedural and conceptual knowledge must be acknowledged. The 

inclusion of multiple representations within instruction does not guarantee that conceptual 

understanding is the focus. Procedural and conceptual knowledge are interconnected, with many 

researchers positing that conceptual understanding impacts procedural knowledge, which in turn 

can impact later conceptual understanding (e.g., Hurrell, 2021; Rittle-Johnson & Alibali, 1999). 

Both knowledge types can be thought of as a continuum of sparsely connected to richly 

connected (Baroody et al., 2007). Thus, while connections may be generated within instruction, 
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the robustness of those connections can impact the degree to which they foster conceptual 

understanding and procedural fluency. Additionally, the differences seen in what and how 

multiple representations were used within each case is potentially connected to progressions of 

learning as students move between concrete, representational, and abstract models of 

mathematical concepts. In other words, the use of representations is likely influenced by the 

lesson’s placement in the instructional unit and students’ experiences so far in the unit.  

Discourse and Questioning 

Student engagement with verbal representations through discourse and questioning were 

evidenced in both the elementary and secondary cases as displayed in Table 29. However, the 

extent to which these were realized in instructional practice were not congruent for the 

elementary and the secondary case. Opportunities for students to engage with others in 

mathematical talk, as well as questioning practices of the TCs, were two areas where verbal 

representations were evidenced within the cases. Furthermore, the TCs within the embedded 

cases acknowledged their reflection on instruction to include these teaching practices.  

Student to Student Talk. While both the elementary and secondary cases made plans for 

student-to-student talk opportunities, the depth of the implemented discourse moments varied 

between cases. The elementary case’s student-to-student talk opportunities tended to be more 

focused on students engaging with another’s reasoning and strategy processes, whereas the 

secondary case provided more moments for students to simply share answers with one another.   

Within the elementary case, plans for and enactment of moments for students to engage in 

discourse with others were realized both in small group and whole group settings. In partner and 

small group settings, the elementary case focused often on students sharing solution strategies. 

For instance, E2’s students worked in small groups to solve a multi-digit subtraction problem 
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using multiple representations, including base ten blocks and drawings. Students then shared 

with the whole class during a discussion about strategies and materials used. These moments of 

discourse were structured within the elementary case, such that TCs prompted students with 

questions or expectations of what would be shared during the conversations. For instance, when 

E2 monitored the collaborative work, they clearly indicated to students what product of work 

would be shared during the whole class discussion. Another example of these student talk 

moments can be seen within embedded case E6. Students first utilized a turn-and-talk with a 

partner to share their favorite strategy and why for solving addition and subtraction problems. 

Following this brief share-out, students were then invited to share how they would use the 

strategy to solve any problem they were tasked to answer. During this discussion, the TC asked 

students to revoice what they had heard. Engaging with another’s thinking in this way can 

support students in thinking about and connecting their own strategies to others’ strategies.  

The secondary case made plans for students to work collaboratively to share solutions 

and strategies. These planned instances looked like many opportunities for students to share 

answers to problems in small groups, as well as working together to complete tasks. However, 

during the instructional implementation, fewer of those moments were realized within the shared 

artifacts, see Table 30. Enacted moments within three of the embedded cases highlight 

collaborative work, as students worked on tasks in small groups and discussed challenges and 

solution strategies.  
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Table 29  

Cross-Case Connections Across Representations 

 Planning  Instruction  Assessment 
 

Visual in 
support of 

context 

Connections 
between 

physical/visual 
and symbolic 

Connections 
between 

context and 
symbolic 

 Visual in 
support of 

context 

Connections 
between 

physical/visual 
and symbolic 

Connections 
between 

context and 
symbolic 

 Visual in 
support of 

context 

Connections 
between 

physical/visual 
and symbolic 

Connections 
between 

context and 
symbolic 

 ELM SEC ELM SEC ELM SEC  ELM SEC ELM SEC ELM SEC  ELM SEC ELM SEC ELM SEC 

1 X  X X      X X      X X   

2 X X X X X X     X X    X X X X X 

3  X X X      X X       X   

4  X X   X   X X   X    X    

5   X   X       X       X 

6 X X  X  X  X X  X  X  X     X 

7 X X X X X X   X X   X    X  X X 

8    X  X     X          

9 X X  X X X  X X  X X X  X   X X  

Note. The numbers within the leftmost column identify the embedded case number. ELM = Elementary case; SEC = Secondary case 
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Table 30  

Discourse and Questioning Practices Across Cases 

 Planning  Instruction  Assessment 
 

Student to 
Student Talk 

Probing 
Questions 

 Student to 
Student Talk 

Questions  Asking for an 
Explanation or 

Justification Gathering Probing 

 ELM SEC ELM  ELM SEC ELM SEC  ELM SEC 

1 X X X  X X X X  X X 

2 X X X  X  X X  X  

3 X X X    X    X 

4  X     X X   X 

5  X X   X X X  X  

6 X X X  X  X X  X  

7 X X   X  X X  X  

8 X X X  X  X   X X 

9 X X   X X X X  X  

Note. The numbers within the leftmost column identify the embedded case number. ELM = 
Elementary case; SEC = Secondary case 
 

These collaborative moments for the secondary case were somewhat less structured than 

the elementary case. Within the secondary case, students in the embedded cases were working in 

small groups but often without, as evidenced by the edTPA artifacts, clear expectations of what 

discourse should look like within the group settings. Some groups seen on video excerpts were 

collaborating by asking one another questions as they worked to complete tasks, while others 

simply seemed to be working independently without any discussion. Even when structures such 

as sentence starters to begin comparative discussions about answers (e.g., “I agree because…”), 

as in S9’s embedded case, were mentioned during group work time, some students seemed to 
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disregard those structures and simply completed a math problem without sharing any explanation 

or justification rationale or began discussing non-math topics. The differences in the structure of 

student talk moments for the elementary and secondary case could be due to the grade levels and 

ages of student, as well as the norms for discussion that may already be established in the clinical 

teachers’ classrooms. For elementary classrooms, younger students may need to have more 

structure to communicate effectively with one another, whereas secondary classrooms with older 

students can be more flexible in the guidance provided for discourse moments.  

Opportunities for students to engage with others’ thinking is part of helping students 

develop robust understanding of the mathematics concepts. Webb and colleagues (2014) share 

benefits of engaging students in sharing their thinking and engaging with others. Three main 

benefits for students include: (1) deeply considering their own thought process as they verbalize 

it, often surfacing incomplete thoughts; (2) listening to others allows space to acknowledge 

differences in thought processes; (3) having thoughts and strategies challenged by others where 

justification is needed can lead to:  

processes that promote learning, including re-examining and questioning one’s own ideas 

and beliefs; seeking new information to correct misconceptions, fill in gaps in 

understanding, develop new ideas, or reconcile conflicting viewpoints; building new 

connections between pieces of information or concepts; and linking new information to 

information previously learned. (Webb et al., 2014, p. 80)  

While both cases utilized discourse and sharing of strategies, the depth with which those 

interactions occurred varied. The elementary case tended to engage students in sharing solution 

pathways more readily and in more structured environments than did the secondary case. Webb 

and colleagues (2019) found that students who engaged with one another through interacting 
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with and adding on to another’s thinking, rather than solely engaging with another by agreeing or 

disagreeing with a solution, performed better.  

Differences between how the elementary and secondary cases enacted student 

interactions may be related to past experiences. Kim (2011) found middle grades preservice 

teachers’ analysis of student work samples for a geometry task focused more on student answers 

than solution pathways. This research highlights the possibility that secondary TCs have had 

many experiences with success in mathematics in arriving at an answer, thus the focus is 

centered around answer sharing. Additionally, secondary TCs complete advanced mathematics 

courses within the mathematic and statistics department where the focus may be on correct 

answers. This contrasts with the typical focus of secondary TPPs illuminating multiple solution 

strategies within methods and content courses.  Conversely, elementary TCs may be more 

positioned because of their experiences, both as a learner of mathematics and within their TPP, 

for a desire to focus on solution pathways to support student sensemaking. Elementary TCs may 

be more inclined to have students share their thinking and solution strategy to illuminate how 

students were thinking about the problem to better prepare and know how to respond to student 

thinking as the mathematics courses they may take are designed specifically for education 

majors. Furthermore, elementary TCs have more opportunities for pedagogical development in 

student discourse across multiple content methods courses, whereas the secondary TCs have less 

methods courses due to their focus on a specific content area. These differing experiences could 

explain the differences between the opportunities students are provided for peer discourse within 

the cases. Moreover, the norms that are established in the student teaching placement classrooms 

could impact how students engage with one another. Although both the elementary and 

secondary TCs in this study were in their student teaching placement classroom beginning in the 
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semester prior to their full-time student teaching experience, the classroom norms and structures 

upheld by the clinical teacher were likely well established prior to the TCs having an established 

instructional role in the classroom.     

For the TCs represented in this study, all TPPs share a focus on incorporating multiple 

solution strategies within class discussions, thus it is curious that the elementary case more 

readily included these practices within small group settings than did the secondary case. The 

influence of curricular materials or clinical teachers cannot be ignored as a possible explanation 

for differences between the two cases in their enacted practice 

Questioning. A key component of rich discussion and robust learning within a classroom 

relies on teacher questions. “The opportunities children have to learn are directly impacted by the 

questions they are asked” (Weiland et al., 2014, p. 332). Asking higher order questions, such as 

probing thinking and making the mathematics visible, are important components of supporting 

conceptual understanding development for students. The types of questions planned for and 

enacted between the cases varied as seen in Table 30. For the secondary case, probing questions, 

while not as numerous in the planning stage, were enacted during instruction, whereas the 

elementary case planned for instances of probing questions, but the enactment of such 

questioning practices was not realized. Rather, the elementary case provided evidence that many 

questions were of the gathering information type during lesson enactment.  

The probing questions planned by the TCs in the elementary case focused on diving into 

student solution strategies and drawing connections between representations and prior 

knowledge. For instance, questions such as “Could you explain your thinking to me?” (E2, 

Lesson Plan, Day 2), “Can you tell me more?” (E3 Lesson Plan, Day 1), and “How did you 

know?” (E5 Lesson Plan, Day 1) were planned. As the elementary case moved into the 
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instructional enactment, these moments were not always evidenced within the artifacts. Instead, 

factual and gathering information questions were prevalent within the elementary case. As an 

example, within E2’s lesson video clips questions such as “What was the first thing that someone 

did to solve this problem?...What am I drawing next?” (E2 video transcription) were asked 

during a whole class discussion focusing on the steps in a process, rather than inviting students to 

explain their thinking without being prompted to respond in a predetermined process manner. 

Questions that focused on drawing student attention to a particular solution pathway were 

evidenced in other embedded cases within the elementary case as well. For instance, within E4’s 

instruction, focus was paid to place value representations to support multi-digit subtraction; 

however, the prompts during a whole class discussion focused on the steps to generate a drawing 

for modeling subtraction. While a variety of question types are important within instruction, 

focusing primarily on one type of question can limit the depth with which students are asked to 

reason and make sense of mathematics. Even though some of the embedded cases in this study 

were not observed enacting many of the higher-level questioning practices, the fact that many 

planned for those questions provides contrasting findings with past research that concluded that 

TCs have difficulty planning questions to gauge student thinking (e.g., Hollebrands & Lee, 2016; 

Nicol, 1999). Therefore, the findings of this study are promising and important as it relates to the 

expectations and development of TCs during TPPs.  As in prior studies, the findings about 

enactment indicate that the complexity of teaching, especially for novices, makes it difficult for 

TCs to enact planned questions or respond to student thinking in meaningful ways, beyond 

searching for an answer (Moyer & Milewicz, 2002). Perhaps, TPPs can more centrally focus on 

TCs having opportunities to practice explicitly and intentionally what they plan before actual 

enactment, since this study shows TCs planned, but did not enact the higher-level questioning.  
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In contrast, the secondary case, while not anticipating and planning for probing questions 

to arise within their instruction, provided evidence of more questioning practices that align with 

probing questions (see Table 30). The secondary case planned for questions that would require 

students to explain their thinking and questions that would illuminate the mathematics. 

Embedded case S6, within a planned number talk and ensuing whole class discussion, indicates a 

question to be asked would be “Did anyone have the same strategy but would explain it 

differently?” (S6 Lesson Plans). This question as implemented not only brought to the forefront 

the thinking of one student but also provided opportunities for students to engage with another’s 

thinking. This type of questioning is supported by research that highlights how students can 

engage with another’s thinking more robustly because of questions asked by the teacher that 

requires them to explain and build upon another’s work (Weiland et al., 2014). Drawing attention 

to the structure of mathematics was also evidenced in the secondary case’s planning artifacts. As 

an example, embedded case S3 plans for questions such as “Do you notice any similarities when 

graphing these polynomials? What kind of patterns do you notice?” (S3 Lesson plan) to make 

the mathematics visible between different polynomial function families. While some of these 

types of planned questions were seen within the secondary case’s instruction, the more 

prevalently evidenced questions were probing questions, where TCs attempted to follow up on 

student thinking. These opportunities for teachers to press on student thinking to make it explicit 

were important for students to attend to their own, and to others’, thinking (Webb et al., 2014).  

Questioning practices evidenced in the secondary case instruction included instances of 

probing questions within seven of the embedded cases; see Table 30. For example, as a student is 

sharing their work with the class, S4 prompted the student with “so explain to us how you got 

this” (S4 video clip 2 transcription). At a later moment in class discussion, several students 



  177 

 

indicated disagreement with a shared answer, so the S4 followed up with asking students why 

they think it is incorrect. A student response of stating “it is more” was followed by S4 asking, 

“why is it more?” (S4 video clip 2 transcription), probing for more from that student response. 

Other instances of questions such as “why did you do 100 – 17?” (S6 video clip 2 transcription), 

“can you tell us how you got these equations?...so what made you think that 25 and 50 remained 

constant for the equations?” (S7 video clip 1 transcription) prompted students to explain more 

explicitly their thought process behind a solution pathway. While instances of probing were seen 

within the secondary case, some seem to be more aligned with what Weiland and colleagues 

(2014) would classify as nonspecific follow-up questions, “those that were general in nature, 

meaning they focused on exposing student thinking and reasoning, but did not necessarily cause 

the student to reorganize or conceptualize mathematical…processes or draw directly on the 

actions and utterances of the student” (p. 343).  

Explanation Within Assessments. Questioning practices, while not always verbal, were 

also realized in the assessments within both cases (see Table 30). Both cases tended to provide 

opportunities for students to explain their solution strategies and thinking within the focused 

assessments in the edTPA artifacts. The depth of explanations when written versus when shared 

verbally provides varying levels of information depending on the grade level of the student, as 

younger students may be able to explain their thinking verbally in more sophisticated ways, 

rather than in written form. For students of the TCs in the secondary case, more robust 

information may be able to be gleaned from written explanations than would be available for 

students of the TCs in the elementary case.  

For the elementary case, prompting students to explain their thought process within the 

assessment was found in seven of the embedded cases as noted in Table 30. In addition to written 
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explanation, including drawing of visual representations to support reasoning, verbal 

justifications were employed within three embedded cases. These verbal explanations were 

employed when the TC needed to follow up with students when written justifications were not 

robust, as well as when student tasks within the class were such that students could explain what 

they were doing to manipulate physical objects. For instance, within embedded case E5, the 

assessment was for students to create number lines with the numbers one through ten displayed 

in the correct order. As the TC monitored student work, they asked students to justify the 

placement of numbers as a support to their observational assessment data. Within the secondary 

case, all prompts for justification were attained in written format, often asking students to explain 

the answers provided. Four embedded cases provided such requirements for students within their 

assessment (see Table 30), varying from students explaining the reasonableness of answers to 

justifying corrections made to an incorrect work sample.   

The variation among questioning practices for both the elementary and secondary cases 

are aligned with previous research. Questioning practices are an area of needed support for TCs, 

as they are often limited due to pedagogical knowledge and experiences (e.g., Moyer & 

Milewicz, 2002; Purdum-Cassidy et al., 2015). Additionally, while many of the embedded cases 

were utilizing more reform-oriented curricular materials, which often are focused on effective 

mathematics teaching practices such as discourse and questioning, research with practicing 

teachers has shown that “even when teachers have access to reform-based curriculum 

materials…teachers still struggle to question students productively” (Weiland et al., 2014, p. 

333). Thus, one would not expect the TCs within both cases in this study to have “well-

developed questioning skills” (Moyer & Milewicz, 2002, p. 309); rather, we would expect these 

questioning practices to still be developing. The secondary case’s enactment of more probing 
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questions is potentially linked to content knowledge. Since secondary TCs are focused on 

mathematics content, they are required to take more advanced mathematics courses than their 

elementary counterparts. This potential difference in content knowledge could be how the 

secondary case was able to more frequently engage students in questions that probe and further 

their thinking than was evidenced in the elementary case.   

Evidence suggests these practices can and should be fostered within instructional 

activities of TPPs, although these practices take time to develop. For instance, when TCs 

conducted one-on-one clinical interviews in one study, the findings indicated that these TCs were 

exhibiting some “important beginning characteristics of competent questioning” (Moyer & 

Milewicz, 2002, p. 310). Research by Krupa and colleagues (2017) highlight the difficulties 

secondary TCs had with responding to student thinking, which, in turn, could have supported 

more robust questioning practices. Questioning can be difficult for novice teachers as they have 

not had experience understanding potential student responses. Anticipating questions to ask 

during instruction is a key component of teacher development; “as teachers gain experience with 

students, they are better able to anticipate how a student will respond to a posed question and are 

able to formulate an appropriate follow-up question or response” (Hollebrands & Lee, 2016, p. 

149). Implications for TPPs regarding how to support TCs in enacting effective mathematics 

teaching practices, such as questioning, will be discussed later in this chapter. While questioning 

may have been varied between the two cases, both cases reflected on instruction in ways that 

consider effective mathematics teaching practices. 

Reflection on instruction 

Within this study, both the elementary and secondary cases tended to acknowledge 

instructional moments and reflected through the lens of effective mathematics teaching practices 
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that can support conceptual development. These included the desire to include the following for 

their students: higher level questions, more frequent access to and connections between 

representations, and an increase in student dialogue, as seen in Table 31. Every embedded case 

included at least one of these components in their reflection; although, it is important to note that 

there was one elementary TC and one secondary TC that did not include any of these 

components in their reflections.   

Table 31  

Reflection on Instruction Across Cases 

 Higher Level Questions Representations Student Talk 

 ELM SEC ELM SEC ELM SEC 

1       

2   X   X 

3 X X     

4 X  X  X  

5  X X  X X 

6 X      

7  X X X  X 

8  X X    

9   X X  X 

Note. The numbers within the leftmost column identify the embedded case number. ELM = 
Elementary case; SEC = Secondary case 
 

Higher Level Questions. As mentioned previously, the enactment of questioning 

practices was varied for both cases. As the elementary case reflected on instruction, embedded 

case E3 identified that they would use questions to engage students with other students’ work to 

serve as a catalyst for class discussion as they compared students’ representations of the number 

243 and place value manipulative materials. Furthermore, two other embedded cases within the 
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elementary case, noted in Table 31, acknowledged the inclusion of questions to probe student 

thinking more deeply to better understand and support student engagement. E6 noted that doing 

this would support their understanding of a student’s thinking, rather than simply being focused 

on the lesson plan and moving to another student. This reflection was also found in Lloyd and 

colleagues’ (2020) study where student teachers, within a student-teaching triad, noted that their 

discussion practices were stifled by the preconceived notion that all aspects of the day’s lesson 

plan should be attended to, rather than pausing to explore a student’s response.  

Within the secondary case, four TCs reflected on including higher level questioning; see 

Table 31. Their desire to include higher level questions was situated around the questions serving 

as the impetus for connections between representations and mathematical structures. For 

instance, for embedded case S7, the TC reflected on the amount of teacher-centered language 

and connections that occurred during the lesson, citing more questions of a higher level would 

have supported students in making those connections. Both the secondary and elementary cases 

acknowledged a desire for more higher-level questioning to be included in their implementation, 

providing evidence that these TCs recognize questioning as an effective mathematics teaching 

practice that supports students’ thinking about mathematics. This contrasts with preservice 

teachers choosing and reflecting on questions asked within a simulated teaching experience in 

Webel and Conner’s (2017) study. The majority did not indicate that they should have asked a 

different question “despite seeing that none of the question choices led to a correct or complete 

explanation on the part of students” (Webel & Conner, 2017, p. 21). 

Representations. While the cases did employ various representations, both cases 

reflected on the desire to either include more representations (elementary, n = 6) or make more 

explicit the connections between representations (secondary, n = 2). The elementary case 
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indicated more physical representations, such as base ten blocks or cubes, or visual 

representations would have supported students in a deeper understanding of the mathematics 

concepts being explored. For the secondary case, providing more opportunities for students to 

explicitly connect representations, such as tables, graphs, and equations, was mentioned for two 

of the TCs. 

Student Talk. Both cases reflections included more opportunities for students to engage 

in discourse, although this reflection was more prevalent in the secondary case (n = 4) than in the 

elementary case (n = 2). As mentioned in previous sections, the elementary case included 

instructional time for students to discuss strategies and solutions within small and whole group 

settings. Two of the embedded cases within the elementary case indicated a desire for students to 

have small group or partner moments to share strategies prior to or outside of whole class 

discussions to provide more exposure to the thinking of others and time for students to craft their 

own ideas. 

Providing more structure within discourse moments was a key reflection for the 

secondary case. As aforementioned, the elementary case tended to have more prompting and 

structure within their discussions, thus it is not surprising that the secondary case had higher 

instances of reflecting on this aspect of discourse. The secondary case reflected on changes in 

structure of discussions by including more explicit prompts and questions for students to discuss 

in groups, especially to share their thinking and draw connections between representations, as 

well as more scaffolds and discourse moves for whole class discussion, such as student revoicing 

and adding on to other student responses. These acknowledgements and reflections of instruction 

aligned with effective mathematics teaching practices (e.g., NCTM, 2014) indicate the desire for 

these cases to include such practices within their own teaching.  
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Reflective practice is an important component for teaching. To be able to reflect on 

teaching episodes, TCs must acknowledge and notice key moments to consider ways to improve 

instruction. Research has been done that acknowledges what teachers notice as they view 

instructional moments, typically moving from noticing teacher actions to more sophistication of 

noticing student thinking (e.g., Jacobs et al., 2010). Additionally, research to investigate TCs’ 

noticing indicates that “processing complex classroom situations is not a trivial task for novice 

teachers” (Estapa et al., 2018, p. 389; see also Krupa et al., 2017). For both cases, the reflection 

on instruction focused on student learning actions. This is a result of the way in which the edTPA 

is focused on student learning in the instructional commentary prompts. Thus, the TCs are 

supported in learning to notice and focus on student actions, rather than teacher actions.            

While both the elementary and secondary cases utilized similar teaching practices, the 

depth with which the practices were realized in planning, instruction, and assessment varied 

between cases. Student discourse, questioning, and connections between representations were 

areas where both cases utilized practices in differing ways. Meanwhile, the key areas of 

reflection based on the instructional experiences were similar for both cases. The cases 

acknowledged areas that align with high-quality mathematics teaching practices during 

reflection, including more robust questioning practices, increased presence of representations, 

and increased discourse among students. 

Implications 

This study brings to the forefront implications for teacher preparation programs, 

specifically around supporting development of effective mathematics practices through 

connected field experiences. Additionally, as teacher candidates transition into novice teachers, 
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implications for beginning teacher support programs to continue to foster the development of 

practices are explained in the section that follows.  

Teacher Preparation Programs  

Teacher preparation programs can design coursework and field-based experiences in such 

a way to support development of teaching practices consistent with effective mathematics 

teaching. Research suggests that knowing how to question is not inherent for TCs (Schwartz, 

2015), thus there is a need for TPPs to support the development of questioning practices both 

within coursework, as well as providing multiple opportunities for TCs to engage with students 

in authentic contexts. Such structured experiences and activities can help support TCs in 

“learning appropriate questioning strategies in mathematics and…provide direction in analysis 

and reflection” (Moyer & Milewicz, 2002, p. 310). Further, TPP experiences can “minimize the 

amount of spontaneity required [in teaching] by introducing ways to reduce in-the-moment load” 

(Tyminski et al., 2014). Preservice teachers need opportunities to engage in teaching practice, 

reflecting on those moments, and planning for future classroom encounters (Webel & Conner, 

2017).  

Developing discourse and questioning practices for preservice teachers can be 

accomplished through field experiences coupled with continuous opportunities to refine and 

utilize scaffolds (Weiland et al., 2014). Incorporating approximations of practice (e.g., Grossman 

et al., 2009), mediated field experiences (Horn & Campbell, 2015), and coaching situations 

(Reinke et al., 2021) within coordinated coursework can support TCs in developing effective 

teaching practices such as questioning and discourse. As seen in this study, the elementary case 

was less likely to enact questions that probed student thinking. For elementary TCs it may be 

beneficial to engage in mediated field experiences (Horn & Campbell, 2015) where TCs have 
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“ongoing learning opportunities to apply knowledge of core teaching practices within K-12 

classrooms” (Billings & Swartz, 2021, p. 30). These experiences can support elementary TCs in 

bridging the gap between learning about practices, such as employing questions to elicit student 

thinking, and enacting those teaching strategies with K-5 students. Mathematics teacher 

educators can provide support during the planning, implementation, and reflection of lessons to 

help elementary TCs focus on mathematics content while harnessing the practice of eliciting and 

responding to student thinking during instruction. Additionally, in examining the secondary case 

for this study, student to student discourse moments were primarily focused on answer sharing, 

rather than engaging with student solution strategies. Experiences for which secondary TCs can 

plan for and implement student discourse moments that focus on sharing of mathematical 

thinking, rather than solely on answers, is crucial. These could include approximations of 

practice (Grossman et al., 2009) where other TCs act as students within methods courses, as well 

as opportunities for secondary TCs to engage with students in grades 6-12 with a specific focus 

on facilitating meaningful mathematics discourse (NCTM, 2014).             

Further, supporting TCs in what and how they notice during mathematics instruction is 

important to include in TPPs, especially since past research shows novice teachers typically 

focus on teacher actions rather than student thinking (Sherin & van Es, 2005) . This type of 

reflection should be supported throughout TPP experiences, whether the TC is analyzing and 

reflecting on their own or others’ teaching. Understanding what and how preservice teachers are 

noticing and interpreting instructional moments is critical to teacher educators’ planning of how 

to support development and implementation of effective teaching practices (Estapa et al., 2018). 

This can be accomplished through a myriad of opportunities for TCs to observe classroom 

instruction, including participating in clinical interviews with students (e.g., Krupa et al., 2017; 
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Weiland et al., 2014), observing and participating in classroom settings (e.g., Hallman-Thrasher, 

2017; Kilic, 2018), and engaging in coaching instances (e.g., Reinke et al., 2021). Engaging in 

authentic experiences could help both elementary and secondary TCs recognize and harness 

questioning and discourse practices, as well as planning and implementing instruction that makes 

explicit connections between representations and concepts.   

These experiences can integrate TCs into environments that either mimic or are authentic 

in nature, while maintaining support and focus from mathematics teacher educators. As TCs gain 

experience in settings where they can interact with student thinking and enact instructional 

practices, while also reflecting on and iterating their teaching within coordinated TPP courses, 

they can build and refine skills to enact effective mathematics teaching practices in their own 

classrooms. 

Beginning Teacher Support 

As teacher candidates transition from their TPP to their own classrooms and schools, 

there is still learning to do to understand how to continue to develop practices. Many schools are 

committed to supporting beginning teachers, often within the first three years of teaching, 

through formal programs that typically include connections with a more experienced educator. 

This study highlights how TCs have not arrived with the implementation of effective 

mathematics teaching practices, but rather are beginning on a pathway. Therefore, it is important 

that beginning teacher supports be in place that provide opportunities for teachers to interact 

through informal, on-the-job learning opportunities. Some of the same experiences from TPPs 

may be helpful for teachers in their novice teaching years, such as observations of other teachers 

and feedback through coaching sessions.  
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Aligned with previously stated implications for TCs, elementary TCs planned for, but did 

not typically enact, probing questions. Focused observations by an instructional coach or 

administrator to illuminate questioning practices could help support the development of this 

practice for these beginning teachers. The observations and subsequent reflection conversations, 

coupled with professional learning opportunities could support elementary beginning teachers in 

continuing to refine their questioning practices.  

Similarly, secondary beginning teachers could benefit from peer observations, even 

outside of the content area, of colleagues who implement teaching practices such as facilitating 

meaningful classroom discussions. As many of the secondary TCs in this study completed 

advanced mathematics coursework, which likely emphasized the correct answer beyond sharing 

solution strategies, these beginning teachers should be engaged in professional learning 

experiences that disrupts their schema to move them forward to impact changes in instructional 

practices (Zwiep & Benken, 2013). Further, grade level or professional learning teams, where 

novice teachers can collaborate with others in similar contexts, have been shown to be an 

important aspect of beginning teacher professional learning (Hopkins & Spillane, 2014). The 

infrastructure must be in place for novice teachers to understand instructional practices aligned 

with visions of high-quality mathematics instruction (Shirrell et al., 2019).  

Limitations 

While this study has promising impacts for the community of mathematics teacher 

educators, the research is not without limitations. First, as this study is only analyzing data of 

students from one university’s college of education, which has conceptually focused programs, 

emphasizing the use of representations, the study’s generalizability is limited. Another limitation 

is that this study, by virtue of being conducted amid a global pandemic, had an altered scope 
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from the initially designed study. This change in the research design, where follow up with early 

career teachers was not possible, limited the understanding of the TCs’ practices to the evidence 

provided in edTPA portfolios. Therefore, it is possible that these data do not provide a complete 

image of the TCs’ practice as they are constrained by the space and time limits set forth by 

edTPA.  

Regarding the requirements of edTPA, the guided prompts and high-stakes nature of 

edTPA is such that these findings may not be generalizable to what these TCs would plan for, 

implement, and assess otherwise. Focusing on teaching practices that illustrate effective 

mathematics teaching, such as focusing on academic language, conceptual understanding, and 

representations were highlighted through the commentary prompts and scoring rubric 

descriptions. Thus, these TCs focus would have likely been on including these aspects within 

their teaching. As will be discussed in future research, obtaining more longitudinal data that is 

not connected to a high-stakes, summative assessment such as edTPA could provide more 

evidence regarding what practices these TCs have taken up from their TPP. The edTPA 

completed by all TCs included in this study was a consequential, high-stakes assessment. The 

successful completion of edTPA with a passing score determined whether the TCs were able to 

be licensed in the state for which they were completing their TPP. If the edTPA was used as a 

formative assessment, rather than a high-stakes, summative assessment, there may be more 

opportunities for TCs to engage with the process of completing a cycle of effective teaching 

through feedback cycles, rather than as a one-time opportunity to demonstrate knowledge and 

practices related to teaching. Additionally, edTPA overall scores, rather than rubric sub-scores, 

were used as a means of garnering a stratified random sample. The perceived variation in 

portfolios from the stratification of overall scores may not be due to the nature of inclusion of 
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representation since the representations sub-score from rubric 9 were not used. From these 

limitations and from the study’s findings, areas of future research arise. 

Future Research  

The first area of future research could be to conduct the initially designed study. In that 

study, analysis of edTPA artifacts could serve as a snapshot of teacher practice for the TCs at the 

end of TPP. Follow-up interviews and classroom observations could investigate how those TCs, 

now early career teachers, are developing their teaching practices within their own classrooms, 

focusing again on both elementary and secondary teachers. This research could support the need 

within the mathematics teacher education community for evidence of how practices learned 

within TPPs are transferred and built upon within practicing teachers’ classrooms (e.g., Jansen et 

al., 2017). Alternatively, conducting or collecting observations throughout a TC’s student 

teaching experience, perhaps from university supervisors, rather than relying solely on edTPA 

artifacts could provide an understanding of longitudinal development of TCs’ practices during 

the TPP. Including interviews with the student teachers to better understand the influence of their 

clinical teacher and curricular materials on their teaching practice could illuminate and help 

make sense of similarities and differences between what was learned in TPP coursework and 

actions enacted in the classroom. These changes for a similar study could furnish a platform for 

comparison when investigating a similar phenomenon with different methods and data sources. 

Future research could also utilize the edTPA scores and tiers of scores that were initially 

used for collecting a stratified random sample. This research could focus on examining portfolios 

from within each tier to provide evidence to support or disrupt how the artifacts illustrate 

teaching mathematics for conceptual understanding and scores earned overall and within 

individual rubrics, such as rubric 9 that focuses on representations. A study of this sort could 
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highlight any discrepancies there may be in the extent to which edTPA scores provide reliable 

data regarding the preparation of teacher candidates to enact quality teaching practices.  

An additional area of research could be to include graduates from various teacher 

education programs within this study. This could provide more generalizable results to inform 

mathematics teacher preparation more broadly. Additionally, having diverse teacher education 

programs represented could allow the analysis of teacher candidates’ opportunities while in the 

program that may provide a window into how these experiences were beneficial, or not, to 

enacting practices learned in the program.  

Future studies could also follow teachers over the span of several years to gain a more 

robust understanding of the development of a teacher’s practice, especially as they gain more 

experience after the novice teaching years. Longitudinal analysis of how practices are enacted 

across elementary and secondary teachers could illuminate any implications for how to provide 

support during TPP, as well as within professional learning experiences. Research suggests that 

teachers do not enact or modify their teaching practices immediately, it takes time (e.g., Horn, 

2010), thus more long-term study would provide the time necessary for such practices to be 

implemented within the classrooms of teachers. 

Conclusion 

Opportunities for students to engage with mathematics in ways that develop conceptual 

understanding are imperative for learning. Therefore, it is important to understand how teachers 

are enacting teaching practices to accomplish this goal. This study builds on prior research to 

investigate how practices learned within TPP are enacted in student teaching placements, across 

both elementary and secondary classrooms. The comparison of elementary and secondary TCs 

evidenced practices through edTPA articles within this study was of importance to explore ways 
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that TCs from both grade bands enact similar practices, but also to identify differences in these 

spaces. Existing research around how practices learned within TPPs are enacted in classrooms 

are typically limited to either elementary (e.g., Jansen et al., 2017) or secondary (e.g., Yang, 

2012). Thus, this study provides evidence to illuminate what aspects of focused practices and 

experiences from TPPs are utilized during the edTPA process. While the settings for which the 

TCs complete their student teaching, and thus their edTPA, ultimately do play a role in the data 

that are provided, lessons learned regarding how contexts impact edTPA completion is also of 

note as this study examines elementary and secondary TCs.  

The findings of this study highlight nuanced differences in the ways in which explicit 

connections among representations between the two cases, discourse opportunities, and 

questioning practices, while supporting similarities found in the reflective practice of the TCs. 

Intentional opportunities for authentic experiences built within TPPs can support preservice 

teachers in harnessing effective mathematics teaching practices prior to and within student 

teaching situations. Future research endeavors to further explore lessons that can be learned from 

each case to inform experiences within TPP, as well as research that positions demonstration of 

teaching practices in a more formative manner are products of this study.            
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Appendix A: Elementary Holistic Summary Table 

Task 1: PLANNING Task 2: INSTRUCTION Task 3: ASSESSMENT 

Discourse 
-Explaining thinking/solution strategies 
-Student to student talk 
-Critiquing reasoning of others 
-Probing Questions 

Discourse 
-Eliciting student participation 
-Student to student talk 
-Gathering Information Questions 

Discourse 
-Asking for explanation/justification 

Explicit Connections 
-Visual ←→ Context 
-Symbolic ←→ Physical/Visual 
-Context → Symbolic  

Explicit Connections 
-Visual ←→ Symbolic  
-Context ←→ Visual 

Explicit Connections 
-Context → Physical/visual 
-Context → Symbolic 
-Symbolic ←→ Physical/visual 
-Symbolic ←→ Verbal  

Academic Language Function 
-Represent 
-Explain/Justify 

 Academic Language Function Illustrated 
in Assessment 
-Represent 
-Explain 
-Justify 
-Classify 

Reflection on Instruction 
-Higher level questions 
-Access to representations (physical and visual) 
-More student-to-student talk 

Across all three tasks, ELM TCs are: 
● Including opportunities for students to share their thinking, verbally and in written language, and engage in discourse with 

peers 
● Attending to students engaging with multiple representations to highlight understanding or prove an answer, especially 

connections between and translations among representations: (1) visual and contextual; (2) symbolic and physical/visual 
● Planning for higher level questions (probing thinking questions), but not always realized within the snapshots of instruction or 

assessments, although TCs do mention that as a reflection on instruction.  
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Appendix B: Secondary Holistic Summary Table 

Task 1: PLANNING Task 2: INSTRUCTION Task 3: ASSESSMENT 

Discourse 
- Student to Student Talk/Collaborative 
work/Comparing Answers  
- Engage with others’ reasoning  
- Q: Asking for Explanation  
- Q: Gathering  
- Q: Math visible  

Discourse 
-S2S Talk/Collaborative work  
- Engage with others’ reasoning  
-Q: Probing  
-Q: Gathering  
-Q: Math visible  
 

Discourse 
-Q: Explanation (S1, S3, S4, S8*) 
*explanation that helps math visibility 

Explicit Connections  
-Context ←→ symbolic  
-Symbolic ← → visual  
-Context ←→ visual  
-Symbolic ← → Verbal  

Explicit Connections 
-Context ←→ visual  
-Context ←→ symbolic  
-Visual ← → Symbolic  
 
 

Explicit Connections 
-Context to  
-Context ←→ symbolic  
-Symbolic ←→ visual  
-Verbal ←→ symbolic  
-Visual ←→ verbal  

Academic Language Function 
-Analyze  
-Compare/Contrast  
-Describe  
-Explain  

 Academic Language Function 
Illustrated in Assessment 
-Analyze  
-Compare/Contrast  
-Describe  
-Explain  
 

Reflection on Instruction 
-Connecting representations  
-More S2S Talk 
-Higher Level Questioning  
-More wait time 

Across all three tasks, SEC TCs are: 
● Providing opportunities for students to collaborate with peers and minimally, at least, explain their thinking/answer 
● Attending to students engaging with multiple representations, primarily symbolic and visual (tables, graphs), with some 

contextual problems 
● Planning for higher level questions (probing thinking or asking for explanations questions), many TCs do mention that as a 

reflection on instruction. Several instances of probing questions found in SEC Task 2.
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Appendix C: Codebook 

Representations 
Code Definition Example 

Representation - Context A task or problem is presented 
as a story problem (within a 
realistic context). 

Jamar has a candy bar and 
eats ½ of it. He gives the rest 
of the candy bar to Blake who 
eats ¼ of his portion. How 
much of the candy bar is left? 

Representation - Physical Tactile materials to make 
sense of mathematical 
concepts concretely. 

The students use pattern 
blocks to discuss fractions. 

Representation - Symbolic Use of mathematical syntax to 
describe mathematical 
concepts. 

The teacher writes the formula 
for the area of a rectangle A = 
B X H 

Representation - Verbal Use words and language to 
express mathematical 
concepts, including 
mathematical discourse and 
questioning.  

Students explain their solution 
strategies to the class.  

Representation - Visual Concept images of 
mathematics 

Area models for 
multiplication. 

Manipulatives Physical materials Students use base ten 
manipulatives to demonstrate 
regrouping.  

Representing operations Visual representation of an 
operation. 

Students draw unifix cubes to 
show 6+8.  

Number Line Visual representation of the 
order and magnitude of 
numbers.  

Students draw a number line 
to support problem solving for 
addition problems.  

Tens Frame Visual model that is used to 
organize groups of ten.  

Students use tens frames to 
show how to “make a ten” 
when adding numbers such as 
8 + 4 to show ten and two 
ones.  

Place value drawing Visual drawing 
representations of place value 
understanding. 

Drawing of place value blocks 
or how students would group 
objects into tens and ones. 

Graph Visual model of an equation 
on an x-y coordinate plane.  

Students are generating a 
graph for a trigonometric 
function.  

Table Visual model showing input 
and output values.  

Students complete a table of 
values for a growing pattern.  

Tape Diagram/Bar Model Visual model that 
demonstrates the relationships 
between quantities.  

Using a tape diagram to 
represent equations such as  
x + 3 = 10 
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Area model Visual model to illustrate the 
mathematical concept of 
multiplication or area 

Drawing a model of algebra 
tiles to illustrate completing 
the square 

Pattern visual Visual model of a growing 
pattern 

Dots in a geometric pattern.  

Balance visuals Visual models that look like a 
hanger/mobile/scale to 
represent equations. 

A scale shows 2 triangles and 
the number 9 on the left side 
and a triangle and the number 
4 on the right side. Students 
use this visual representation 
to determine the value of a 
triangle.  

Subitizing Visual model to show 
quantities using pips arranged 
in various ways.  

Students were using subitizing 
cards/resources (e.g., dice) to 
support the development of 
number sense regardless of 
arrangement 

100s/200s chart Visual representation in a 10 
by 10 or 10 by 20 
organization.  

Students use a 100s chart to 
consider relationships among 
numbers and to fill in missing 
numbers.  

Connections Between Representations 
Code Definition Example 

Explicit connections - 
physical to verbal 

The connected nature of the 
representations being used is 
made explicit. 

Students build a number with 
manipulative materials then 
describe the number 
represented in words or 
speech.  

Explicit connections - visual 
to context 

The connected nature of the 
representations being used is 
made explicit. 

Students are provided with a 
tape diagram (visual) and 
asked to write a story problem 
that would align with the 
visual representation.  

Explicit connections - visual 
to symbolic 

The connected nature of the 
representations being used is 
made explicit. 

The teacher uses a visual 
model for multiplying multi-
digit numbers and connects 
partial products (symbolic) to 
the visual. 

Explicit connections - 
physical to symbolic 

The connected nature of the 
representations being used is 
made explicit. 

Students build a number with 
manipulative materials (10 
and some ones) then write the 
equation. For example: 
10+10+10+10+4=44 buttons 

Explicit connections - context 
to physical/visual 

The connected nature of the 
representations being used is 
made explicit. 

Students are given a story 
problem and asked to 
represent it with a visual, such 
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as a tape diagram to highlight 
what is known and unknown 
in the problem.  

Explicit connections - 
symbolic to visual/physical 

The connected nature of the 
representations being used is 
made explicit. 

Students are given a number 
card and represent it using 
tens sticks and ones. 

Explicit connections - 
symbolic to verbal 

The connected nature of the 
representations being used is 
made explicit. 

Students are given a number 
card and represent it using 
words (__ tens ___ ones) 

Explicit connections - context 
to symbolic 

The connected nature of the 
representations being used is 
made explicit. 

Students are provided a story 
problem and asked to generate 
an equation to represent the 
scenario.   

Explicit connections - verbal 
to symbolic 

The connected nature of the 
representations being used is 
made explicit. 

Students are given a number 
name and represent it with its 
numeral 

Explicit connections - context 
to verbal 

The connected nature of the 
representations being used is 
made explicit. 

Students restate or rephrase 
the context story problem into 
their own words to describe 
the story.  

Explicit connections - visual 
to verbal 

The connected nature of the 
representations being used is 
made explicit. 

Students describe 
relationships between graphs 

Explicit connections - 
symbolic to context 

The connected nature of the 
representations being used is 
made explicit. 

Students create a contextual 
problem based on a given 
equation. 

Questioning 
Code Definition Example 

Questioning - Encouraging 
reflection and justification 
(NCTM, 2014) 

Posing of question(s) that 
prompt learners to consider 
their reasoning and actions 
more deeply. 

Teacher: How might you 
prove that is your solution? 

Questioning – Focusing 
(Wood, 1998) 

Questioning pattern that 
involves the teacher attending 
to student thinking, probing 
them to community ideas, and 
expecting them to reflect on 
their thoughts and those of 
classmates  

T: What things do you notice 
or wonder? ... T: What about 
the graph makes you say that? 

Questioning – Funneling 
(Wood, 1998). 

Questioning pattern that 
involves using a set of 
questions to lead students to a 
desired procedure or 
conclusion, giving limited 
attention to student responses 
that are different  

T: What do you notice about 
the graph? Do you see a 
pattern in the data? What are 
the measures of center for the 
pennies? ... T: What does the 
box plot tell us about the 
variability in the data?...T: 
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What about the IQR? What 
does that tell us?  

Questioning - Gathering 
Information 
(NCTM, 2014) 

Student recall facts, 
definitions, or procedures. 

What is the formula for 
finding the area of a 
rectangle? 

Questioning - Making the 
mathematics visible 
(NCTM, 2014) 

Students discuss mathematical 
structures and make 
connections among 
mathematical ideas and 
relationships. 

How does that array relate to 
multiplication and division?  

Questioning - Probing 
Thinking 
(NCTM, 2014) 

Students explain, elaborate, or 
clarify their thinking.  

It is still not clear how you 
figured out that 20 was the 
scale factor, so can you 
explain it another way? 

Questioning - Asking for an 
explanation/summary 

Students are asked to explain 
their answer, but it is a surface 
level question.  

Students are asked to explain 
how many tens and ones are 
in a two-digit number after 
they have drawn a visual (tens 
frame) and written an 
equation (ex: 10+10+10+2 = 
32).  

Planned Questions - 
Implemented 

The teacher anticipates, as 
evidenced with lesson plans, 
questions to ask and they are 
implemented during the video 
segment. 

 

Planned Questions - Not 
Implemented 

The teacher anticipates, as 
evidenced with lesson plans, 
questions to ask and they are 
not implemented during the 
video segment as planned. 

 

Discourse 
Code Definition Example 

Discourse - Teacher Moves - 
Asking students to revoice 
(Herbel-Eisenmann et al., 
2013) 
 

Students are asked to revoice 
another student's idea in their 
own words. 

Student A is asked to restate 
Student B's solution strategy 
during whole class discussion.  

Discourse - Teacher Moves - 
Creating opportunities to 
engage with another's 
reasoning 
(Herbel-Eisenmann et al., 
2013) 
 

The teacher asks students to 
engage with another student's 
idea.  

A teacher might ask the class 
to use a particular student's 
strategy to solve a similar 
problem or to agree/disagree 
with a solution. Another 
example: ask students to add 
on to or revise another 
student's explanation.  
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Discourse - Teacher Moves - 
Inviting student participation 
(Herbel-Eisenmann et al., 
2013) 
 

Teacher provides space to 
make diverse solutions 
available for consideration 
and for including multiple 
students.  

The teacher solicits multiple 
solution strategies for the 
same answer.  

Discourse - Teacher Moves - 
Probing a student's thinking 
(Herbel-Eisenmann et al., 
2013) 
 

The teacher follows up with 
an individual student's 
solution, strategy, or question 
to have the student elaborate 
on their ideas.  

The teacher invites a student 
to come forward to provide a 
diagram to help explain their 
thinking. 

Discourse - Teacher Moves – 
Revoicing 
(Herbel-Eisenmann et al., 
2013) 
 

Teacher restates or rephrases a 
student's contribution.  

The teacher revoices a 
student's solution strategy 
then checks back in with the 
original speaker for accuracy.  

Discourse - Teacher Moves - 
waiting (<5 seconds) after a T 
asks a question 
(Herbel-Eisenmann et al., 
2013) 
 

Waiting to provide students 
time to process teacher 
questions and think about 
response. 

The teacher asks a question 
and provides time for students 
to think about the question 
before soliciting a response. 

Discourse - Teacher Moves - 
waiting (5-<10 seconds) after 
a T asks a question 
(Herbel-Eisenmann et al., 
2013) 
 

Waiting to provide students 
time to process teacher 
questions and think about 
response. 

The teacher asks a question 
and provides time for students 
to think about the question 
before soliciting a response. 

Discourse - Teacher Moves - 
waiting (10+ seconds) after a 
T asks a question 
(Herbel-Eisenmann et al., 
2013) 
 

Waiting to provide students 
time to process teacher 
questions and think about 
response. 

The teacher asks a question 
and provides time for students 
to think about the question 
before soliciting a response. 

Discourse - Teacher Moves - 
waiting after a student 
response 
(Herbel-Eisenmann et al., 
2013) 
 

Waiting to provide students 
time to consider a response 
provided by themselves or 
another student. 

The teacher asks a question, 
garners a response from a 
student, then provides wait 
time for the student to process 
(and for other students to 
process) 

Collaborative work Students work together to 
accomplish a task. 

Students are in small groups 
counting objects (buttons, 
cubes, etc.) then grouping 
them into tens and ones to 
write a number.  
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Comparing answers Students are talking with one 
another with the goal to 
compare answers 

Students pair up to share their 
answers from the previous 
night’s homework 
assignment.  

Planned Discourse - 
Implemented 

The teacher plans, as 
evidenced with lesson plans, 
for discourse and it is 
implemented during the video 
segment. 

A TC plans for and 
implements students to do a 
think-pair-share. 

Planned for discourse - Not 
Implemented 

The teacher plans, as 
evidenced with lesson plans, 
for discourse but it is not 
implemented within the video 
segment, as planned.  

A TC plans for students to 
discuss their solutions, but 
that is not implemented.  

Student to student talk Opportunities for students to 
communicate with one 
another about mathematical 
ideas are provided during a 
lesson. 

Students turn and talk with a 
partner to discuss what 
strategy they would use to 
solve a problem.  

Academic Language Function 
Code Definition Example 

Academic Language Function 
- Analyze 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes.  

Students analyze a roller 
coaster design and scenario 
using different characteristics 
of polynomial equations and 
graphs.  

Academic Language Function 
- Classify 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes. 

Students classify word 
problems requiring 
multiplication or division 
operation in order to solve.  

Academic Language Function 
- Compare/Contrast 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes. 

Students compare/contrast the 
organization of one group of 
objects, discussing how it is 
the same value, even though it 
does not look the same.  

Academic Language Function 
- Describe 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 

Students describe 
transformations and key 
features of polynomial graphs.  
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represented by the active 
verbs within the learning 
outcomes. 

Academic Language Function 
- Explain 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes. 

Students explain how they 
used a strategy to answer the 
subtraction word problem to 
the whole class.  

Academic Language Function 
- Justify 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes. 

Students justify patterns of 
numbers within 100, based on 
place value understanding.  

Academic Language Function 
- Represent 

Oral and written language 
used for academic purposes. 
The content and language 
focus of the learning task, 
represented by the active 
verbs within the learning 
outcomes. 

Students represent two-digit 
numbers with objects placed 
into groups of tens and ones.  

Change in Implementation 
Code Definition Example 

Change in implementation - 
access to technology tools to 
check answers 

Teacher candidates reflect on 
lesson implementation and 
note they would provide more 
access to technology tools to 
help students check answers.  

Students would input their 
polynomial function into 
Desmos to check to see if the 
graph on the tech tool matches 
the graph provided in the class 
activity to self-assess 

Change in implementation - 
additional physical models 

Teacher candidates reflect on 
lesson implementation and 
note they would incorporate 
more physical manipulative 
materials.   

The TC indicates that they 
would add more types of 
manipulatives, specifically 
connecting cubes, to enhance 
the idea of regrouping.  

Change in implementation - 
better directions for group 
work 

Teacher candidates reflect on 
lesson implementation and 
note they would provide more 
structured directions for group 
work.  

Better directions for how 
students should utilize their 
groups to have discussions 
rather than waiting on the 
teacher to come around to 
answer questions.  

Change in implementation - 
clarifying misunderstandings 
for students 

Teacher candidates reflect on 
lesson implementation and 

Several groups were 
individually asking the same 
questions, so I should have 
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note they would clarify 
student misunderstandings.   

brought the class back 
together to clear up students' 
misunderstandings so they 
could move froward in the 
lesson. 

Change in implementation - 
focus on academic vocabulary 

Teacher candidates reflect on 
lesson implementation and 
note they would focus more 
on academic language.   

To help support ELL students, 
the TC indicates that they 
would include more time for 
specific academic vocabulary 
to be learned and used, rather 
than solely relying on natural 
discussion to include the 
language.  

Change in implementation - 
higher level questioning 

Teacher candidates reflect on 
lesson implementation and 
note they would incorporate 
higher level questions.   

The TC indicates they should 
have included more higher-
level thinking questions, 
especially to challenge 
students who need 
enrichment, during class 
discussions.  

Change in implementation - 
more access to physical 
models 

Teacher candidates reflect on 
lesson implementation and 
note they would provide more 
access to physical materials.   

The TC indicates that a 
change they would make to 
their instructional segment 
was to invite students to bring 
base ten blocks with them to 
small group, rather than 
relying solely on drawings.  

Change in implementation - 
more discussion-based 
activities  

Teacher candidates reflect on 
lesson implementation and 
note they would include more 
discussion-based activities.   

TC indicates that she needs to 
"engage my students in 
discussion-based activities 
more often to create a 
classroom culture of 
collaboration. I think my 
students lack the ability to 
discuss mathematics 
effectively because they do 
not do so during a normal 
class day. Mathematical 
discourse needs to become a 
norm in my classroom." (S2 
instructional commentary) 

Change in implementation - 
more prompts/questions for 
students to discuss 

Teacher candidates reflect on 
lesson implementation and 
note they would provide more 
prompts for students to 
discuss.   

Provide students with explicit 
questions to discuss in their 
groups. "Questions could 
include: Why does your 
calculator produce an error 
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message from some of the 
given angle measures? How 
does the presence of these 
“errors” affect the graph of 
each function? How are these 
graphs related to the graphs of 
other trigonometric 
functions?" (From S2 
instructional commentary) 

Change in implementation - 
more student involvement 

Teacher candidates reflect on 
lesson implementation and 
note they would include more 
students within the lesson 
implementation.   

The TC indicates that during 
instruction having students 
explain more of what was 
done in previous instructional 
segments would have given 
them an opportunity to 
demonstrate their 
understanding and practice 
using mathematical language.  

Change in implementation - 
more student-to-student talk 

Teacher candidates reflect on 
lesson implementation and 
note they would include more 
opportunities for students to 
talk with peers.  

The TC indicates they would 
have included more turn and 
talk and small group 
discussions. 

Change in implementation - 
more visual representations 

Teacher candidates reflect on 
lesson implementation and 
note they would include more 
visual representations.   

TC indicates they would have 
more visual representations to 
support students learning.  

Change in implementation - 
more wait time 

Teacher candidates reflect on 
lesson implementation and 
note they would include more 
wait time.   

TC indicates a change would 
be to increase wait time after 
asking a question to give 
students time to think and 
respond.  

Change in implementation - 
structure of lesson 

Teacher candidates reflect on 
lesson implementation and 
note they would modify the 
structure of the lesson.   

TC indicates a change would 
be to have students work on 
one problem at a time, with 
discussion following, rather 
than asking them to complete 
several questions before 
regrouping to discuss. 

Change in implementation - 
fewer teacher interruptions of 
student sharing 

Teacher candidates reflect on 
lesson implementation and 
note they would provide time 
for student sharing.  

Allowing students to finish 
their thoughts before 
interrupting. 

Change in implementation - 
calling on various students 

Teacher candidates reflect on 
lesson implementation and 

Making a concerted effort to 
call on a variety of students to 
participate, rather than mainly 
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note they would incorporate 
various student contributions.   

those who raise their hands 
first. 

Change in implementation - 
connecting aspects of 
representations 

Teacher candidates reflect on 
lesson implementation and 
note they would explicitly 
connect representations.   

TC indicated a change would 
be to label portions of 
representations discussed in 
class, rather than just explain 
verbally.  

Characteristics of Class/School/Curriculum 
Code Definition Example 

Grade Level (K-2)   
Grade Level (3-5)   
Grade Level (6-8)   
Grade Level (9-12)   
Instructional time: 1 hour Math instructional time is 

equal to 1 hour each day.  
 

Instructional time <1 hour Math instructional time is 
equal to less than an hour each 
day.  

 

Instructional time >1 hour Math instructional time is 
equal to more than an hour 
each day.  

 

Instructional time - 62 
minutes daily, all year  

Students are enrolled in the 
class for a full year and are in 
class 62 minutes every day. 

 

Instructional Time: 90-minute 
A/B Block 

Students are enrolled in the 
class for a full year and are in 
class 90 minutes every other 
day (A/B days) 

 

Instructional Time: 90-
minute, semester block 

Students are enrolled in the 
class for semester and are in 
class 90 minutes every day. 

 

Instructional Time - 59 
minutes each day, all year 

Students are enrolled in the 
class for a full year and are in 
class 59 minutes every day. 

 

Instructional Time: 86 
minutes per day, block 
semester 

Students are enrolled in the 
class for semester and are in 
class 86 minutes every day. 

 

Instructional time - 90-minute 
block, all year 

Students are enrolled in the 
class for a full year and are in 
class 90 minutes every day. 

 

Curriculum – District-created The curriculum used is from a 
district created repository.  

 

Curriculum - MVP The curriculum used is from 
the Mathematics Vision 
Project (MVP).  
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Curriculum - Open Up The curriculum used is from 
Open Up Resources.  

 

Supplemental Curriculum 
Materials 

The school/teacher uses 
supplemental materials that 
are primarily diagnostic and 
provide differentiated support 
for students.  

iReady used to identify 
students who need 
intervention or enrichments to 
provide individualized 
instruction 

Supplemental Online 
Resources 

Online resources to 
supplement core instructional 
materials.  

Math Symbaloo or Dreambox: 
games students play where 
mastery is tracked for 
students.  
 

Teacher created curriculum Within a classroom, the 
majority of math instructional 
materials are teacher created.  

 

Departmentalized Grade 
Level 

Content and planning are 
divided up among grade level 
teachers.  

The 5th Grade team is 
departmentalized. Students 
are in 4 homeroom classes. 
Two of the four teachers 
provide Math/Science 
instruction, while the other 
two teachers are responsible 
for reading, language arts, and 
social studies.  

Instructional format - flipped 
classroom 

Student preparation for 
lessons is completed outside 
of class time, with the in-class 
component contributing more 
time for exploration and 
collaboration.  

Students watch a brief video 
of content for homework then 
come to class the next day to 
explore the concepts through 
application problems.  

Instructional Format - 
Collaboration with spiraling 

The lessons are designed in 
such a way for students to 
collaboratively complete 
tasks, with spiraling of 
content for review.  

Students work together to find 
items around the classroom to 
identify quantities, while also 
engaging in review activities 
within the lesson on 
subitizing.  

Instructional Format - 
discussion, collaborations, 
rotations 

The lessons are designed in 
such a way that discussions, 
student collaboration, and 
station rotations are involved.  

Students work together to 
complete math center 
rotations to develop skills in 
various strategies for addition.  

Instructional Format - Gradual 
Release of Responsibility 

"I do, we do, you do" 
instructional format for 
lessons. 

The teacher demonstrates an 
example, students then work 
on a similar example in small 
groups, then students 
complete independent 
practice.  
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Instructional Format - Launch, 
Explore, Discuss 

The lessons are designed to 
launch the concept, provide 
time for students to explore 
the concept both individually 
and in small groups, then 
bring students together to 
discuss and summarize their 
learning.  

The teacher shows a growing 
pattern visual to launch 
discussion about what could 
be happening. Students then 
have a few minutes for 
individual think time before 
working in small groups to 
consider what representations 
would support extending and 
generalizing the pattern. The 
teacher selects some groups to 
share during whole class 
discussion how they thought 
about the pattern and reached 
a generalization rule.  

Intervention/Enrichment Math 
Time 

Dedicated time is provided for 
intervention and enrichment, 
specifically for mathematics.  

Two days per week for 30 
minutes students attend either 
intervention or enrichment 
sessions based on specific 
needs 

Magnet School - IB Program International Baccalaureate 
program at school 
 

 

Magnet School - Interactive 
Community 

A school that works to build a 
strong partnership between 
the staff, students, and 
parents.  
 

 

Magnet School - 
Montessori/STEM 

A school where teachers are 
trained to integrate science, 
technology, engineering, and 
math into preexisting 
standards. Montessori 
approach focused on hands-
on, student-centered learned.  
 

 

Magnet School - STEM The school has a focus on 
applying knowledge and skills 
in project-based learning is 
emphasized across all 
disciplines, 
 

 

Title 1 School A school receiving federal 
funds for title 1 students; a 
school with large 
concentrations of low-income 
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students where funds are used 
to support meeting student’s 
educational goals.  

Magnet School - Global 
Studies 

A school where students 
develop an understanding of 
major systems that influence 
the global world within their 
core and elective academics.  

 

Early College High School A school, typically housed on 
campus of an institution of 
higher education, where 
students complete both high 
school and college credit 
courses.  

 

4th Level Math Course - Math 
IV 

This course is not one that all 
students are required to take.  

 

Advanced Course - 6 Plus Students enrolled in this 
course are accelerated beyond 
sixth grade level content. 
Typically, these courses have 
specific academic criteria to 
enroll.  

 

4th Level Math Course - 
Precalculus 

This course is not one that all 
students are required to take 
and is considered an honors 
level course.  

 

Advanced course - Math 1 in 
8th grade 

Students enrolled in this 
course are taking a high 
school credit course during 
middle school. Typically, 
these courses have specific 
academic criteria to enroll.  

 

Foundations level course Where a required math course, 
like Math 1, is taught over the 
course of one year - with half 
in first semester (blocks) and 
half in second semester 
(blocks). The first course is 
typically called Foundations 
of Math X, then the second 
part is Math X (or could be 
Math 1A, Math 1B). 
 

 

Honors Level Course The course is taught at an 
advanced level, often at a 
faster pace.  

"The information learned in 
this course is tailored to cover 
the standards so that students 
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have a deeper understanding 
of each topic addressed" from 
S1 Context for learning 

Academic Level - ICR Course Academic level course with 
an in-class resource teacher 
(special education teacher) 
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Appendix D: Elementary Mathematics Selected edTPA Commentary Prompts 

Planning (Task 1) Commentary Prompts 

1b. Given the central focus, describe how the standards and learning objectives within 
your learning segment address 
• Conceptual understanding,  
• Procedural fluency, AND 
• Mathematical reasoning or problem-solving skills 
 
1c. Explain how your plans build on each other to help students make connections 
between  
• Concepts, 
• computations/procedures, AND 
• mathematical reasoning or problem-solving strategies 
to build understanding of mathematics. 
 
3b. Describe and justify why your instructional strategies and planned supports are 
appropriate for the whole class, individuals, and/or groups of students with specific 
learning needs. 
 
3c. Describe common mathematical preconceptions, errors, or misunderstandings within 
your central focus and how you will address them. 
 
4a. Language Function. Using information about your students’ language assets and 
needs, identify one language function essential for students to develop conceptual 
understanding, procedural fluency, mathematical reasoning, or problem-solving skills 
within your central focus. Listed below are some sample language functions. You may 
choose one of these or another language function more appropriate for your learning 
segment: 

Categorize Compare/contrast Describe Interpret Justify 
 

Please see additional examples and non-examples of language functions in the glossary.  
 
4b.  Identify a key learning task from your plans that provides students with opportunities 
to practice using the language function identified above. Identify the lesson in which the 
learning task occurs. (Give lesson/day number).  
 
4d. Language Supports. Refer to your lesson plans and instructional materials as 
needed in your response to the prompt. 
Identify and describe the planned instructional supports (during and/or prior to the 
learning task) to help students understand, develop, and use the identified language 
demands (vocabulary and/or symbols, function, discourse, syntax). 
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5a. Describe how your planned formal and informal assessments will provide direct 
evidence of students’ conceptual understanding, computational/procedural fluency, AND 
mathematical reasoning or problem-solving skills throughout the learning segment. 
 

Instruction (Task 2) Commentary Prompts 
 
3a. Explain how your instruction engaged students in developing understanding of 
mathematical concepts. 
 
4a. Explain how you elicited and built on student responses to promote thinking and 
develop understandings of mathematical concepts. 
 
4b. Explain how you used representations (manipulatives, models, tools, diagrams, 
charts) to support students’ understanding and use of mathematical concepts. 
 
5a. What changes would you make to your instruction—for the whole class and/or for 
students who need greater support or challenge—to better support student learning of the 
central focus (e.g., missed opportunities)? 
 
5b. Why do you think these changes would improve student learning? Support your 
explanation with evidence of student learning AND principles from theory and/or 
research. 

 
Assessment (Task 3) Commentary Prompts 
 

1c. Use evidence found in the 3 student work samples and the whole class summary to 
analyze the patterns of learning for the whole class and differences for groups or 
individual learners relative to 
• Conceptual understanding,  
• Procedural fluency, AND 
• Mathematical reasoning or problem-solving skills.  
 
3. Explain and provide concrete examples for the extent to which your students were able 
to use or struggled to use the  
• Selected language function,  
• Vocabulary and/or symbols, AND 
• Discourse or syntax 
to develop content understandings.  
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Appendix E: Middle Grades Mathematics Selected edTPA Commentary Prompts 

Planning (Task 1) Commentary Prompts 
 

1b. Given the central focus, describe how the standards and learning objectives within your 
learning segment address 

● Conceptual understanding,  
● Procedural fluency, AND 
● Mathematical reasoning and/or problem-solving skills 

 
1c. Explain how your plans build on each other to help students make connections 
between concepts, computations/procedures, AND mathematical reasoning and/or 
problem-solving strategies to build understanding of mathematics. 

 
3c. Describe and justify why your instructional strategies and planned supports are 
appropriate for the whole class, individuals, and/or groups of students with specific 
learning needs. 

 
3d. Describe common mathematical preconceptions, errors, or misunderstandings within 
your central focus and how you will address them. 

 
4a. Language Function. Using information about your students’ language assets and 
needs, identify one language function essential for young adolescents to develop 
conceptual understanding, procedural fluency, mathematical reasoning, or problem-
solving skills within your central focus. Listed below are some sample language 
functions. You may choose one of these or another language function more appropriate 
for your learning segment: 

Compare/contrast Describe Explain Justify Prove 
 

Please see additional examples and non-examples of language functions in the glossary.  
 
4b.  Identify a key learning task from your plans that provides young adolescents with 
opportunities to practice using the language function identified above. Identify the lesson 
in which the learning task occurs. (Give lesson/day number). 
 
4d. Language Supports. Refer to your lesson plans and instructional materials as 
needed in your response to the prompt. 
● Identify and describe the planned instructional supports (during and/or prior to the 

learning task) to help students understand, develop, and use the identified language 
demands (function, vocabulary and/or symbols, mathematical precision, syntax, or 
discourse). 

 
5a. Describe how your planned formal and informal assessments will provide direct 
evidence of young adolescents' conceptual understanding, procedural fluency, AND 
mathematical reasoning and/or problem-solving skills throughout the learning segment. 
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Instruction (Task 2) Commentary Prompts 
 

3a. Explain how your instruction engaged young adolescents in developing  
● Conceptual understanding 
● Procedural fluency 
● Mathematical reasoning and/or problem-solving skills 

 
4a. Explain how you elicited and built on student responses to promote thinking and develop  

● Conceptual understanding,  
● Procedural fluency, AND 
● Mathematical reasoning and/or problem-solving skills 
 
4b. Explain how you used representations to support young adolescents’ understanding 
and use of mathematical concepts and procedures. 
 
5a. What changes would you make to your instruction—for the whole class and/or for 
young adolescents who need greater support or challenge—to better support student 
learning of the central focus (e.g., missed opportunities)? 
 
5b. Why do you think these changes would improve young adolescent learning? Support 
your explanation with evidence of young adolescent learning AND principles from 
theory and/or research, including young adolescent development. 

 
Assessment (Task 3) Commentary Prompts 
 

1c. Use evidence found in the 3 student work samples and the whole class summary to 
analyze the patterns of learning for the whole class and differences for groups or 
individual learners relative to 
• Conceptual understanding,  
• Procedural fluency, AND 
• Mathematical reasoning and/or problem-solving skills.  
 
3. Explain and provide concrete examples for the extent to which your students were able 
to use or struggled to use the  
• Selected language function,  
• Vocabulary and/or symbols, AND 
• Discourse or syntax 
to develop content understandings.  
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Appendix F: Secondary Mathematics Selected edTPA Commentary Prompts 

Planning (Task 1) Commentary Prompts 
 

1b. Given the central focus, describe how the standards and learning objectives within 
your learning segment address 

● Conceptual understanding,  
● Procedural fluency, AND 
● Mathematical reasoning and/or problem-solving skills 

 
1c. Explain how your plans build on each other to help students make connections 
between concepts, computations/procedures, AND mathematical reasoning and/or 
problem-solving strategies to build understanding of mathematics. 
 
3b. Describe and justify why your instructional strategies and planned supports are 
appropriate for the whole class, individuals, and/or groups of students with specific 
learning needs. 
 
3c. Describe common mathematical preconceptions, errors, or misunderstandings within 
your central focus and how you will address them. 
 
4a. Language Function. Using information about your students’ language assets and 
needs, identify one language function essential for students to develop conceptual 
understanding, procedural fluency, mathematical reasoning, or problem-solving skills 
within your central focus. Listed below are some sample language functions. You may 
choose one of these or another language function more appropriate for your learning 
segment: 

Compare/contrast Justify Describe Explain Prove 
 

Please see additional examples and non-examples of language functions in the glossary.  
 
4b.  Identify a key learning task from your plans that provides students with opportunities 
to practice using the language function identified above. Identify the lesson in which the 
learning task occurs. (Give lesson/day number). 
 
4d. Language Supports. Refer to your lesson plans and instructional materials as 
needed in your response to the prompt. 

● Identify and describe the planned instructional supports (during and/or prior to 
the learning task) to help students understand, develop, and use the identified 
language demands (function, vocabulary and/or symbols, mathematical 
precision, syntax, or discourse). 

 
5a. Describe how your planned formal and informal assessments will provide direct 
evidence of students' conceptual understanding, procedural fluency, AND mathematical 
reasoning and/or problem-solving skills throughout the learning segment. 
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Instruction (Task 2) Commentary Prompts 
 

3a. Explain how your instruction engaged students in developing  
● Conceptual understanding 
● Procedural fluency, AND 
● Mathematical reasoning and/or problem-solving skills 

 
4a. Explain how you elicited and built on student responses to promote thinking and 
develop conceptual understanding, procedural fluency, AND mathematical reasoning 
and/or problem-solving skills 

 
4b. Explain how you used representations to support students’ understanding and use of 
mathematical concepts and procedures. 
 
5a. What changes would you make to your instruction—for the whole class and/or for 
students who need greater support or challenge—to better support student learning of the 
central focus (e.g., missed opportunities)? 
 
5b. Why do you think these changes would improve student learning? Support your 
explanation with evidence of student learning AND principles from theory and/or 
research.  

 

Assessment (Task 3) Commentary Prompts 
 

1c. Use evidence found in the 3 student work samples and the whole class summary to 
analyze the patterns of learning for the whole class and differences for groups or 
individual learners relative to 
• Conceptual understanding,  
• Procedural fluency, AND 
• Mathematical reasoning and/or problem-solving skills.  
 
3. Explain and provide concrete examples for the extent to which your students were able 
to use or struggled to use the  
• Selected language function,  
• Vocabulary and/or symbols, AND 
• Mathematical precision, discourse or syntax 
to develop content understandings.  
 

 

 


