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ABSTRACT 

 
 I conducted a content analysis to examine the treatment of the surface area and volume 

concepts within four published middle-grades mathematics textbook series. In particular, I 

examined the treatment of the surface area and volume concepts in terms of the location of 

surface area and volume lessons in the textbook and the number of pages and lessons devoted to 

these concepts. I also investigated the sequence of the instructional blocks of surface area and 

volume lessons. In addition, I evaluated the tasks included in these lessons in regards to the 

performance expectations of students, the types of visual representations of 3D objects, and the 

level of mathematical complexity. At last, I examined the extent to which the content of surface 

area and volume lessons address the Common Core Content Standards (CCCS) for 6-8 geometry 

that are aligned with these topics. 

 I used content analysis to analyze relevant content in a total of twelve middle-grades 

student edition mathematics textbooks from two popular textbook series, Go Math!(GM) and 

Glencoe Math (GMC); and two alternative textbook series, Connected Mathematics 3 (CM) and 

University of Chicago School Project (UCSMP). First, I used Flanders’ (1994) counting method 

to examine the physical characteristics of textbooks, such as the location of the surface area and 

volume lessons in the textbook, the number of pages and lessons devoted to these concepts. 

Second, I analyzed the sequence of the instructional blocks of surface area and volume lessons 

by using content analysis. Third, I adapted the Trends in International Mathematics and Science 

Study [TIMSS] (2002) Performance Expectations for Mathematics Framework to examine the 

performance expectations of students within tasks. Fourth, I developed and used the Visual 



 

x 

Representations of 3D Objects Framework to examine the types of visual representations of 3D 

objects included in the tasks. Fifth, I employed the Mathematics Framework for the 2007 

National Assessment of Educational Progress (NAEP) to examine the level of mathematical 

complexity of tasks. Finally, I created the CCCS for 6-8 Geometry Components guideline to 

examine to what extend the surface area and volume lessons address the geometry content 

standards. 

 Results indicated that the majority of textbooks place the concepts of surface area and 

volume towards the end of the textbook. Small percentages of instructional pages and lessons are 

devoted to these concepts in all textbooks. Findings also revealed great similarities among the 

instructional blocks of lessons within three textbook series (GM, GMC, and UCSMP). The 

majority of tasks within all textbook series contain miniscule amounts of important performance 

expectations such as justifying and proving and visual representations of 3D objects such as nets 

and pictures. A significant amount of tasks are of moderate complexity across all textbook series. 

Analysis also showed that the CM textbook series offers the greatest opportunity for students to 

generate visual representations of 3D objects and contains the largest amount of high complexity 

tasks. At last, nearly all lessons address the appropriate geometry content standard among all 

textbook series. Limitations of the study, implications for mathematics education, as well as 

recommendations for future research are also presented.
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CHAPTER 1: INTRODUCTION 

 

 Geometry is an essential part of the mathematics curriculum (Battista & Clements, 1988; 

Choi & Park, 2013; Mistretta, 2000; National Council of Teachers of Mathematics [NCTM], 

2000). It is the study of shapes, motions, and relationships in a spatial space (Clements & 

Battista, 1986; Clements, 1998). Through the study of geometry, students make sense of the 

space around them (NCTM, 1989, 2000; Sherard, 1981). Both the Curriculum and Evaluation 

(1989) and Principles and Standards for School Mathematics (2000) documents have advocated 

that geometry is more than definitions; it is a place where students should observe, explore, and 

reason the structure, characteristics and relationships of geometric shapes in order to interpret 

and describe their physical environments. Geometry should be a place that allows students to 

develop their geometric reasoning and spatial abilities (NCTM, 2000). Similarly, the recently 

adopted Common Core State Standards in Mathematics (CCSSM) have emphasized the 

importance of geometry in helping students understand, describe, and reason about real-world 

situations involving geometrical concepts (National Governors Association, 2010). 

Spatial Geometry 

 One important aspect of geometry is spatial geometry. Spatial geometry concentrates on 

examining the form, shape, size, pattern, and design of shapes (NCTM, 2000). The study of 

spatial geometry is important for several reasons. Spatial geometry provides students with 

knowledge to understand, represent, and solve problems in other areas of mathematics such as 

measurement and algebra (Dindyal, 2007) and in real-world situations (NCTM, 2000). It also 

helps students build understanding of basic mathematical concepts needed to move to higher 
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mathematics (NCTM, 2000; Seng & Chan, 2000). In addition, spatial geometry it is necessary 

for the study of other subjects such as science, engineering, and computer science (Clements, 

1998; NCTM, 2000). Finally, it offers opportunities to develop students’ logical thinking 

abilities needed in problem solving (NCTM, 2000).  

 In the study of spatial geometry, spatial reasoning also called spatial thinking is 

fundamental (NCTM, 2000). Spatial reasoning focuses on the mental representation and 

manipulation of spatial shapes. Both NCTM (1989, 2000) documents have emphasized the 

importance of developing students’ spatial reasoning. For instance, spatial reasoning can help 

students learn how to use maps, planning routes, designing floor plans, and creating art (NCTM, 

2000). Researchers have also noted about the importance of spatial reasoning in the teaching and 

learning of mathematics. For instance, Clements (1998) noted that spatial reasoning forms the 

foundation for learning mathematics.  

 Clements (1998) defined spatial reasoning as the ability to see, build, manipulate, and 

reflect on spatial images, objects, relationships, and transformations. Clements also stated that 

spatial reasoning includes two major spatial abilities: spatial orientation and spatial visualization. 

Spatial visualization is described as the ability to understand and manipulate two-dimensional 

(2D) and three-dimensional (3D) shapes. Spatial orientation is defined as the ability to 

understand and navigate on relationships between positions based on the observer’s position. The 

main difference between spatial orientation and spatial visualization is that spatial visualization 

involves creating mental images and manipulating them and spatial orientation involves the 

comprehension of these manipulations but do not necessarily need to create them mentally. Both 

spatial visualization and spatial orientation are essential components of spatial geometry 

(Clements, 1998; NCTM, 2000).  
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 Researchers have claimed that spatial abilities are related to students’ success in 

geometry (Battista, 1990; Guzel & Sener, 2009; Pittalis & Christou, 2010; Pitta-Pantazi & 

Christou, 2010; Tarte, 1990) and mathematics in general (Cheng & Mix, 2014; Fennema & 

Sherman, 1977; Fennema & Tarte, 1985; Guay & McDaniel, 1977; Hegarty & Waller, 2005; 

Newcombe, 2010; Seng & Chan, 2000). As stated by Clements (1998), “spatial ability and 

mathematics achievement are related” (p. 10). Spatial abilities are also closely connected to the 

study of 3D shapes (Pittalis & Christou, 2010). More specifically, spatial abilities are related to 

students’ ability to solve 3D geometrical tasks such as computing the surface area and volume of 

3D shapes (Pittalis & Christou, 2010).  

 Through the study of spatial geometry students can enhance their spatial abilities (Pittalis 

& Christou, 2010). The NCTM (1989, 2000) documents recommend that the middle-grades 

mathematics curriculum should include the study of the geometry of one, two, three-dimensions 

in a variety of tasks such as constructing nets, creating 3D shapes using 2D shapes, identifying 

and comparing 3D shapes and their properties, structuring arrays of cubes, and computing 

surface area and volume of 3D shapes in order for students to develop their spatial abilities 

(NCTM, 1989, 2000). Furthermore, the creators of the CCSSM have emphasized the importance 

of providing middle school students with the opportunity to reason and solve real-world 

problems involving constructing nets, drawing 3D shapes, and calculating the surface area and 

volume of 3D shapes (National Governors Association, 2010). 

 The study of spatial geometry starts by allowing students to investigate, analyze, and 

compare the characteristics and properties of 2D and 3D shapes by visualizing, drawing, and 

measuring them (Battista & Clements, 1988; NCTM, 1989, 2000). Next, students need to be 

provided with opportunities to use 2D representations of 3D shapes to visualize and understand 
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tasks involving surface area and volume (NCTM, 2000). Finally, students need to be provided 

with opportunities to examine, build, compose, and decompose 3D shapes by using paper 

sketches, geometric models, or dynamic geometry software in order to be able to solve surface 

area and volume tasks (NCTM, 2000, 2006).  

 The geometric concepts of surface area and volume are important components of the 

middle-grades mathematics curriculum and standards (CCSSI, 2010; NCTM 2000). However, 

both international and national studies have shown that United States (U.S.) students are 

underperforming in the area of geometry and in particular on geometric tasks involving 

geometric reasoning and spatial abilities that are essential abilities required to solve surface area 

and volume tasks. 

Geometry Achievement 

 During the past three decades, results from international comparative studies have 

indicated that students from other nations are outperforming U.S. students in the content area of 

geometry (Beaton et al., 1996; Fleischman et al., 2010; Ginsburg et al., 2005; Lemke et al., 2004; 

Mullis et al., 1997; Mullis et al., 2000; Mullis et al., 2008; Mullis et al., 2012; Mullis et al., 

2016). More recently, results from TIMSS (2007, 2011, 2015) revealed that the performance of 

U.S. eighth grade students in the content domain of geometry was relatively weak (Mullis et al., 

2008; Mullis et al., 2012; Mullis et al., 2016). In fact, there was no significant increase in the 

geometry performance of U.S. eighth grade students from 2007 to 2011 (Mullis et al., 2008; 

Mullis et al., 2012). As stated by Battista (1999), “as numerous studies have shown, U.S. 

elementary and middle school students are failing to develop and adequate understanding of 

geometric concepts, geometric reasoning, and geometric problem solving” (p. 368). These results 
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suggest that U.S. students’ geometric reasoning and spatial abilities might not be properly 

developed in the geometry classroom. 

 Findings from national studies have also indicated that students have difficulties with 

solving geometric tasks that require geometric reasoning and spatial abilities. Over the past four 

decades, studies have shown that students exhibit low levels of geometrical thinking on 

geometrical tasks that require reasoning (Carroll, 1998; Mistretta, 2000, 2003; Senk, 1989).  

Furthermore, students have difficulties with solving tasks involving the use of spatial abilities 

such as constructing nets (Mariotti, 1989; Stylianou, Leikin, & Silver, 1999), drawing 3D shapes 

(Johar & Aklimawati, 2015; Mitchelmore, 1978, 1980), mentally manipulating 3D 

representations (Fujita et al., 2017), and computing the surface area and volume of solids 

(Battista & Clements, 1996; Ben-Chaim, Lappan, & Houang, 1985; Isiksal, Koc, & Osmanoglu, 

2010; Tekin-Sitrava & Isiksal-Bostan, 2014).  

 In response to these discouraging findings mathematics reform movements have argued 

about the importance of providing students with increased opportunities to develop their 

geometric reasoning and spatial abilities that are essential skills required to solve surface area 

and volume tasks. An important step in understanding the opportunities provided to students to 

learn mathematics is by examining the curriculum materials such as curriculum guides and 

textbooks (Schmidt et al., 1996; Valverde et al., 2002). 

The Importance of Geometry Curriculum 

 

 The most fundamental component in teaching and learning mathematics is the intended 

curriculum (Schmidt, Houang, & Cogan, 2002). Lloyd, Cai, and Tarr (2017) divided the 

curricula into three levels: intended curriculum, enacted curriculum, and attained curriculum. 

The intended curriculum is defined as the national, state, or district expectations for mathematics 
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learning as reflected in curricular materials such as textbooks. All components of the curriculum 

are important but special attention should be given to the intended curriculum because it 

influences students’ opportunity to learn mathematics (Begle, 1973; Schmidt et al., 2002). 

Students’ opportunity to learn is described as students’ opportunity to encounter, experience, and 

learn particular topics (Houang & Schmidt, 2008). Students’ opportunity to learn is directly 

affected by educational policies and by curricular materials such as curriculum guides and 

textbooks (Houang & Schmidt, 2008).    

 Many educational researchers have criticized the U.S. intended mathematics curriculum 

as reflected in textbooks and state standards for its lack of coherence, consistency, and rigor 

(Houang & Schmidt, 2008; Schmidt et al., 2002; Valverde et al., 2002). The U.S. intended 

mathematics curriculum has been described as “mile wide and an inch deep” (Schmidt et al., 

2002). For example, the analysis of the TIMSS (1999) data showed that the U.S. intended 

mathematics curriculum is unfocused, incoherent, and lacks rigor compared to the curriculum of 

top achieving TIMSS countries (Schmidt et al., 2002). The authors concluded that the U.S. 

intended mathematics curriculum is unfocused, incoherent, and unchallenging because of the 

poorly designed standards and textbooks.  

National Recommendations and Mathematics Standards 

 

 This lack of a focused, coherent, and rigor national curriculum and U.S. students’ 

continuous underperformance in international and national studies led to the development of 

various documents from the NCTM such as The Curriculum and Evaluation Standards (NCTM, 

1989), The Principles and Standards for School Mathematics (NCTM, 2000), and The 

Curriculum Focal Points for Prekindergarten through Grade 8 Mathematics: A Quest for 

Coherence (NCTM, 2006). The NCTM (1989, 2000, 2006) documents have called for curricular 
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change to provide students with the opportunity to learn mathematics (Reys, Reys, & 

Rubenstein, 2010; Stein, Remillard, & Smith, 2007). These documents have also called for the 

development of more rigorous and challenging mathematics for all students.  

 The three documents published by the NCTM (1989, 2000, 2006) to address these long 

standing concerns about student achievement have strongly influenced the K-12 mathematics 

curriculum materials (Choi & Park, 2013). All three documents have also emphasized the 

importance of providing students with the opportunity to explore 3D geometrical concepts in 

order to develop their geometric reasoning and spatial abilities required to solve surface area and 

volume tasks. The Curriculum and Evaluation Standards (NCTM, 1989) offers 

recommendations regarding the development of students’ geometric reasoning and spatial 

abilities. In this document it is suggested that students must be provided with various 

opportunities to investigate the characteristics of 2D and 3D shapes. In this document, the 

NCTM also recommends that students must be provided with opportunities to discover and 

explore the relationships between 2D and 3D shapes.  

 The Principles and Standards for School Mathematics (NCTM, 2000) includes a set of 

standards about the geometrical knowledge and skills that all students should acquire from 

Kindergarten through grade 12. It also contains standards for evaluating the quality of both the 

curriculum and student achievement. In this document it is suggested that students must be 

provided with the opportunity to develop their geometric reasoning and spatial abilities through 

the use of physical and visual representations. For instance, students need to experience and 

explore a variety of geometric shapes by drawing, composing, and decomposing them. Students 

must also be exposed to activities that require them to build and move from 2D to 3D shapes and 

their representations. In addition, students need to be exposed to activities that allow them to 
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create and interpret the top and side views of 3D shapes. Students can also develop their 

geometric skills by being challenged to find the minimum number of blocks needed to build the 

structure.  

 The Curriculum Focal Points for Prekindergarten through Grade 8 Mathematics: A 

Quest for Coherence (NCTM, 2006) includes recommendations for the teaching and learning of 

mathematics. This document aims to provide common mathematical focus points for each grade 

level. It was also created to address and make connections among important K-8 mathematical 

topics. This document emphasizes the importance of providing students with opportunities to 

develop an understanding of 3D shapes. It emphasizes that students need to be provided with 

opportunities to compose and decompose 3D shapes in order to develop their geometric 

reasoning and spatial abilities. 

 The recently adopted CCSSM standards were also designed to provide common learning 

goals and ensure student opportunity to learn at the national and state level. The developers of 

the CCSSM aimed to include higher levels of cognitive demand than the previous state 

standards. They also “strove for coherence as well as focus” (Cobb & Jackson, 2011, p. 184). 

The ultimate goal of the development of the CCSSM was to create coherent, focus, and rigorous 

standards in order to increase students’ international and national performance (National 

Governors Association, 2010). 

 Forty-two states, the District of Columbia, four territories, and the Department of 

Defense Education Activity (DoDEA) have adopted the CCSSM. The adopted CCSSM standards 

promote the implementation of geometric tasks that demand reasoning, explanation, justification, 

and application, and can be presented in real-world contexts (National Governors Association, 

2010). The CCSSM emphasizes the importance of exposing students to meaningful, rigorous, 
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and worthwhile geometric tasks that can help them develop their geometric reasoning and spatial 

abilities.  

The Importance of Textbooks 

 National curriculum documents and standards influence the design of textbooks  

(Ponte & Marques, 2011; Schmidt et al., 2002; Zhu & Fan, 2006). Most publishers use the 

national recommendations and standards to design mathematics textbooks (Houang & Schmidt, 

2008; Reys et al., 2010; Stein et al., 2007). As stated by Houang and Schmidt (2008), “textbook 

authors write to support implementations of national intentions” (p. 3). Also, textbooks may 

include the education philosophies and pedagogical values of the textbook developers (Zhu & 

Fan, 2006).  

 Over the past four decades, researchers have repeatedly reported that textbooks influence 

students’ opportunity to learn because teachers use textbooks as their primary instructional tool 

for the teaching and learning of mathematics (Begle, 1973; Johansson, 2005; Thompson, Senk, 

& Johnson, 2012). In fact, textbooks play an essential role in mathematics education all around 

the world, because teachers use textbooks as a main resource for planning instruction, and for 

structuring the course (Reys, Reys, & Chavez, 2004). At the national level, Tyson-Bernstein and 

Woodward (1991) reported, “textbooks are a ubiquitous part of schooling in the United States” 

(p. 91). At the international level, Robitaille and Travers (1992) stated:  

Teachers of mathematics in all countries rely heavily on textbooks in their day-to-

day teaching, and this is perhaps more characteristic of the teaching of 

mathematics than of any other subject in the curriculum. Teachers decide what to 

teach, how to teach it, and what sorts of exercises to assign to their students 
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largely on the basis of what is contained in the textbook authorized for their 

course (p. 706). 

 As part of the TIMSS (2011) study, mathematics teachers were surveyed about the 

classroom materials used for teaching mathematics at the fourth and eighth grades. It was found 

that 75% of the fourth grade teachers and 77% of the eighth grade teachers used textbooks as 

their basis for mathematics instruction (Mullis et al., 2012). 

 Textbooks influence what students learn (Begle, 1973; Schmidt et al., 2002; Stein et al., 

2007; Zhu & Fan, 2006). In school systems, textbooks serve as a link between the intended and 

attained curriculum (Johansson, 2005; Thompson et al., 2012). As noted by Stein and colleagues 

(2007) all types of curriculum influence students learning but a direct link exist between the 

intended curriculum (e.g., textbooks) and students’ learning. Begle (1973) noted, “most students 

learning is directed by the text rather than the teacher” (p. 209). Therefore, if a topic it is not 

included in the text, most likely it will not be taught (Begle, 1973; Flanders, 1994; Stein et al., 

2007; Thompson et al., 2012; Tornroos, 2005). However, others have argued that the presence of 

a topic in the text is not enough. The way the topic is presented in the text is equally important 

(Stein et al., 2007; Thompson et al., 2012). 

 Based on the central role that textbooks play in students’ learning of geometry and 

evidence that students are underperforming in solving geometric tasks, it’s important to examine 

the opportunities textbooks offer to students to develop their geometric reasoning and spatial 

abilities. During this study, I examined the physical characteristics of the textbooks, the structure 

of the lessons, the performance expectations of students within tasks, the types of visual 

representations of 3D objects included in tasks, the level of mathematical complexity of tasks, 
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and the content of the lessons within middle-grades mathematics textbooks in order to determine 

students’ opportunity to learn the geometric concepts of surface area and volume. 

Theoretical Considerations 

 Textbooks have been recognized as the primary source of mathematics instruction (Li, 

2000). There are two types of mathematics textbooks: the conventional curriculum materials also 

referred to as popular textbooks and the standard-based curriculum materials also called 

alternative textbook (Stein et al., 2007). The popular textbooks are commercially created 

textbooks usually not influenced by reform documents (Stein et al., 2007). These types of 

textbooks focus on the development of procedural skills rather than conceptual skills (Polikoff, 

2015). In contrast, the alternative textbooks are designed based on the NCTM recommendations 

and supported by the National Science Foundation (NSF) (Choi & Park, 2013; Lloyd et al., 2017; 

Reys et al., 2004; Stein et al., 2007). The ultimate goal of the alternative textbooks is to develop 

students’ mathematical thinking by exposing them to rigorous tasks in order to provide all 

students with the opportunity to learn mathematics (Reys et al., 2004; Stein et al., 2007). Given 

the different opportunities textbooks offer in the teaching and learning of mathematics, it is 

important to examine both popular and alternative middle-grades mathematics textbooks.   

 According to Valverde and colleagues (2002) an examination of the structural and 

pedagogical features of textbooks can help us understand educational opportunities in the 

classroom. Therefore, I examined both the structural and pedagogical features of middle-grades 

mathematics textbook in order to determine students’ opportunity to learn the geometric concepts 

of surface area and volume. In terms of structural features, I examined the physical 

characteristics of the textbooks such as the location of surface area and volume lessons in the 

textbook and the number of pages and lessons devoted to these concepts. I also investigated the 
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sequence of the instructional blocks of surface area and volume lessons. In regards to 

pedagogical features, I examined the tasks contained in the surface area and volume lessons in 

terms of their performance expectations, types of visual representations of 3D objects, and level 

of mathematical complexity. 

 One important component of the structural features of the textbooks are the physical 

characteristics of the textbooks such as the number of pages and number of lessons devoted to a 

concept, and the location of lessons within the text (Valverde et al., 2002). These types of 

physical characteristics of textbooks can provide us with important information about the 

possibilities and limitations of students’ opportunity to learn mathematics (Valverde et al., 2002). 

Chavez (2003) stated that the amount of pages that the textbook devotes to a topic influence the 

amount of instructional time that topic receives. Grouws and Smith (2000) reported that many 

teachers do not “cover” the entire book. Therefore, it is vital that the physical characteristics of 

textbooks are examined.  

 Many researchers have argued the importance of examining both the structure and the 

content of the lessons within mathematics textbooks (Alajmi, 2012; Begle, 1973; Huntley & 

Terrell, 2014; Lo, Cai, & Wafanabe, 2001; Valverde et al., 2002). Valverde and colleagues 

(2002) noted, “how content is presented in textbooks (with what expectations for performance) is 

how it will likely be taught in the classroom” (p. 125). Alajmi (2012) also stated that what topics 

are covered and how these topics are presented influence students’ opportunity to learn 

mathematics. Other researchers have argued that the pedagogical approaches used to present 

mathematical concepts provide different opportunities for students’ learning (Stein et al., 2007). 

Begle (1973) reported that students that used mathematics textbooks that emphasized the 

development of conceptual skills outperformed students that used mathematics textbooks that 
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focused on the development of procedural skills. For these reasons, it is important to investigate 

the sequence of instructional blocks of surface area and volume lessons. It is also imperative to 

examine the performance expectations of students within tasks. 

 The use of visual representations has long been recognized as a necessary component for 

the teaching and learning of geometry (Gutierrez, 1996). The NCTM (2000) has emphasized the 

importance of the use of visual representations to help students develop their geometric 

reasoning and spatial abilities needed to solve surface area and volume tasks. Students can 

develop their spatial visualization skills by being provided with opportunities to visualize and 

deform 2D and 3D shapes (NCTM, 2000). Studies have also indicated that visual representations 

can help develop students’ conceptual understanding (Xin, 2007; Zhu & Fan, 2006). Therefore, it 

is vital to investigate the types of visual representations of 3D objects used to help students 

understand and solve surface area and volume tasks. 

 Studies have shown that the nature of tasks can influence the way students think and it 

can limit or broaden their views of the subject matter with which they are engaged (Boston, 

2012; Henningsen & Stein, 1997). Mathematical tasks can provide students with the opportunity 

to engage in high-level cognitive processes or low-level cognitive processes (Boston, 2012). 

Others have argued that the analyses of mathematical tasks can provide valuable information 

about students’ opportunity to learn mathematics (Doyle, 1983,1988; Li, 2000). However, a task 

as presented in the curriculum provides an opportunity to influence students’ mathematical 

thinking (Charalambous, 2010; Choppin, 2011). Thus, it is imperative to examine and document 

the level of mathematical complexity exhibited among the surface area and volume tasks within 

and across published mathematics textbooks. 
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 Several scholars also believe that the implementation of the CCCS can help improve 

instruction and thus increase students’ opportunity to learn various mathematical concepts 

(Polikoff, 2015; Porter et al., 2011; Schmidt & Houang, 2012). Therefore, I also examined the 

extend to which the surface area and volume lessons address the CCCS for 6-8 geometry that are 

aligned with these topics. 

 The study of geometry in middle-grades is important because it provides a link between 

the informal explorations of geometric topics in elementary grades and the more formalized 

study of abstract geometric concepts in high school (NCTM, 1989, 2000). For instance, 

investigation of 3D shapes involving surface area and volume fosters understanding of other 

areas of mathematics such as measurement. Therefore, it is crucial to study the treatment of the 

geometric concepts of surface area and volume in middle-grades mathematics textbooks. 

Problem Statement 

 International and national studies have indicated that U.S. students are underperforming 

on geometric tasks that require geometric reasoning and spatial abilities. For example, results 

from TIMSS (2011, 2015) studies revealed that the geometry performance of U.S. eighth grade 

students was weak compared to the performance of eighth grade students in top achieving 

countries (Mullis et al., 2012; Mullis et al., 2016). Indeed, U.S. eighth grade students performed 

worst in the content area of geometry compared to the content areas of number, algebra, and data 

and chance (Mullis et al., 2012; Mullis et al., 2016). These findings demonstrate the need to 

provide students with increased opportunities to develop their geometric reasoning and spatial 

abilities required to solve surface area and volume tasks. 

 Textbooks represent the most important feature of the teaching and learning of 

mathematics (Johansson, 2005) because teachers rely heavily on them for their daily instruction 
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(Alajmi, 2012; Grouws & Smith, 2000; Reys et al., 2004). Textbooks have a strong impact on 

what and how mathematics is taught (Huntley & Terrell, 2014; Schmidt et al., 2002; Thompson 

et al., 2012), thus textbooks influence what students learn (Reys et al., 2004). Indeed, textbooks 

indicate students’ opportunity to learn mathematics (Johansson, 2005; Yang, Tseng, & Wang, 

2017). 

 Based on the role and influence of textbooks on students’ learning, textbook analysis is 

the first step in understanding students’ opportunity to learn mathematics  

(Huntley & Terrell, 2014; Thompson et al., 2012). Further, the geometric concepts of surface 

area and volume are important components of the middle school mathematics curriculum 

(NCTM, 2000). However, no previous content analysis study on the treatment and opportunity to 

learn the geometric concepts of surface area and volume in U.S. middle-grades mathematics 

textbooks has been published to date. This dissertation study examined the treatment of the 

geometric concepts of surface area and volume within published popular and alternative middle-

grades mathematics textbooks in the U.S. 

Purpose of the Study 

 The purpose of this content analysis was to examine the treatment of the surface area and 

volume topics in popular and alternative middle-grades mathematics textbooks published within 

the past ten years. Content analysis is a research method that is used to systematically evaluate 

the symbolic content of all forms of written communications (Kolbe & Burnett, 1991). This 

study had five foci: a) to examine the physical characteristics of textbooks such as the number of 

pages and lessons devoted to surface area and volume concepts and the location of these 

concepts within the middle-grades mathematics textbooks to understand the possibilities and 

limitations of learning these concepts b) to investigate and describe the sequence of instructional 
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blocks of surface area and volume lessons in order to determine the opportunity to learn these 

concepts as recommended in the curriculum standards, c) to examine the performance 

expectations of students within tasks in order to understand the different performance 

requirements contain in these tasks, d) to analyze the types of visual representations of 3D 

objects within tasks used to help students understand the geometric concepts of surface area and 

volume, e) to examine the tasks in terms of their level of mathematical complexity to determine 

the extent to which these tasks follow the national recommendations and standards, and f) to 

evaluate the content of the surface area and volume lessons to determine the extent to which 

these lessons address the CCCS for 6-8 geometry that are aligned with these topics. 

Research Questions 

 

 The purpose of this study is to examine the treatment of the surface area and volume 

concepts in student editions of middle-grades mathematics textbooks. This study was guided by 

the following three research questions: 

1) Within published mathematics textbook series and across different publishers, what are 

the structural features devoted to the concepts of surface area and volume? In particular,  

a. Where are the surface area and volume lessons located and how many pages and 

lessons are devoted to surface area and volume? 

b. How are the instructional blocks of surface area and volume lessons sequenced?  

2) What are the pedagogical features of the tasks included in the surface area and volume 

lessons within a published mathematics textbook series, and across different publishers? 

Specifically,  

a. What are the performance expectations of students within these tasks? 

b. What types of visual representations of 3D objects are included in these tasks?  
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c. What is the level of the mathematical complexity of these tasks? 

3) To what extent do the content of surface area and volume lessons address the Common 

Core Content Standards for 6-8 geometry that are aligned with these topics? 

Significance of Study 

 

 The role of the curriculum is to specify goals, topics, sequences, instructional activities, 

and assessment methods (NCTM, 1989). However, the mathematics curriculum in the U.S. has 

been defined as highly repetitive (Flanders, 1994), unfocused, unchallenging, and incoherent 

(Houang & Schmidt, 2008; Schmidt et al., 2002). Given the role of the curriculum in students’ 

learning of mathematics and concerns with its structure and content, the NCTM (1989, 2000, 

2006) documents were created to response to the call for reform in the teaching and learning of 

mathematics. These documents content principles and standards designed to help improve 

mathematics education. In addition, the CCSSM were created to provide common goals and 

expectations for the mathematical knowledge and skills students need to develop at each grade 

level (National Governors Association, 2010). 

 International studies have indicated that U.S. eighth grade students tend to underperform 

on geometric tasks, especially on tasks that are related to students’ geometric reasoning and 

spatial abilities (Ginsburg et al., 2005; Mullis et al., 2012; Mullis et al., 2016). National studies 

have also indicated that students have difficulties with visualizing 3D shapes (Carpenter et al., 

1975; Hirstein, 1981), and solving volume tasks (Battista & Clements, 1996; Ben-Chaim et al., 

1985). Many researchers have recognized the need to improve students’ geometric reasoning and 

spatial abilities that are essential skills required to solve surface area and volume tasks (Battista, 

1999; Clements & Battista, 1992; Hoffer, 1981; Pittalis & Christou, 2010). 

 Many teachers use textbooks as their main resource for planning instruction  
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(Reys et al., 2004; Robitaille & Travers, 1992). Studies have shown that middle–grades 

mathematics teachers heavily rely on the use of published textbooks (Banilower et al., 2013; 

Weiss, 1978, 1987; Weiss, Matti, & Smith, 1994; Weiss et al., 2001). Weiss and colleagues 

(1978) revealed that more than ninety percent of the middle-grade mathematics classes used 

commercially published textbooks, a finding supported by their later research about the use of 

textbooks (Weiss, 1987;Weiss et al., 1994;Weiss et al., 2001). More recently, Banilower and 

colleagues (2013) found that more than eighty percent of the middle-grade mathematics 

classrooms rely on a single textbook. In addition, the majority of mathematics teachers consider 

their textbooks to be of relatively high quality (Banilower et al., 2013; Weiss, 1987; Weiss et al., 

1994; Weiss et al., 2001). 

 The mathematics curriculum is reflected and delivered by the use of textbooks in the 

mathematics classroom (Lloyd et al., 2017; Schmidt et al., 2002; Thompson et al., 2012; Zhu & 

Fan, 2006). Therefore, it’s important to examine and document the opportunities to learn 

mathematics textbooks offer to students. A content analysis of textbooks helps understand the 

process of the teaching and learning mathematics (Johansson, 2005; Lo et al., 2001; Thompson 

et al., 2012). The ultimate goal of this study was to inform the research community and 

policymakers regarding the learning opportunities presented to students to learn and understand 

the geometric concepts of surface area and volume in popular and alternative middle-grades 

mathematics textbooks.  

Delimitations 

 

 There are three delimitations associated with this study. First, I only examined middle-

grades mathematics textbooks because the concepts of surface area and volume are mainly 

introduced and developed in grades 6-8 (CCSSI, 2010; NCTM, 2000). Second, I included 
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textbooks with the largest market share in this sample. I selected and examined two popular and 

two alternative middle-grades mathematics textbook series from three main publishing 

companies. In particular, I chose the GM (Grades 6-8) and GMC (Course 1,2, and 3) popular 

middle-grades mathematics textbook series for this study. I also selected the CM (Grades 6-8) 

developed from the Connected Mathematics Project [CMP] (Lappan et al., 1996) and UCSMP 

(Pre-Transition Mathematics, Transition Mathematics, Algebra) alternative middle-grades 

mathematics textbook series. 

 Lastly, I adopted two existing frameworks: the TIMSS 2002 Performance Expectations 

for Mathematics (Valverde et al., 2002) and the Mathematics Framework for the 2007 NAEP. I 

selected these well-known frameworks because they have been previously used in studies to 

detect differences among tasks. I also developed and used the Visual Representations of 3D 

Objects framework based on the national recommendations and standards (CCSSI, 2010; 

NCTM, 2000) and the CCCS for 6-8 Geometry Components guideline based on the CCSSM 

(CCSSI, 2010).  

Definition of Terms 

 

Alternative Textbooks- are mathematics textbooks designed based on the national 

recommendations and standards to provide greater emphasis on the development of conceptual 

understanding through problem solving (Stein et al., 2007). 

Curriculum- for the purpose of this study, curriculum is defined as the intended curriculum that 

is replicated in textbooks. 

Middle Grades- for this study consists of grades 6,7, and 8. 

Opportunity to learn- for this study, students’ opportunity to learn is defined as students’ 

opportunity to encounter, experience, and learn particular topics (Houang & Schmidt, 2008). 
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Popular Textbooks- are commercially and widely used textbooks that usually focus on the 

development of procedural skills rather than conceptual skills (Stein et al., 2007). 

Visualization-is the ability to view and interpret objects such as pictures, 3D representations, 

schematic representations, and animations in order to understand something other than the object 

itself. These objects may appear on different types of media such as paper, computer screens, and 

slides (Phillips, Norris, & Macnab, 2010). 

Surface Area- is the total area of the exterior faces of a three-dimensional figure (Miles & 

Williams, 2016, p. 154). 

Task- is defined as a single complex problem that focuses students’ attention on a specific 

mathematical concept (Stein, Grover, & Henningsen, 1996). 

Three-dimensional- is a term used to represent a shape that has length, width and height. 

Two-dimensional- is a term used to represent a shape that has width and length but not depth. 

Volume- is the amount of space contained in a solid (Miles & Williams, 2016, p. 154). 

 

Summary 

 

 Textbooks are used to represent the national or state curriculum and standards (Schmidt 

et al., 2002). Research has shown that teachers use textbooks as their primary resource to teach 

mathematics (Reys et al., 2004; Robitaille & Travers, 1992). Many researchers have argued that 

students’ opportunity to learn mathematical concepts depends on the materials they are taught 

(Begle, 1973; Schmidt et al., 2002). Therefore, textbooks play a critical role in students’ 

opportunity to learn mathematical concepts.  

 NCTM has emphasized the importance of helping middle-grade students develop their 

geometric reasoning and spatial abilities required to solve surface area and volume tasks. For 

instance, the NCTM (2000) document recommends that middle-grade students should be 

http://dictionary.cambridge.org/dictionary/english/width
http://dictionary.cambridge.org/dictionary/english/length
http://dictionary.cambridge.org/dictionary/english/depth
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provided with increased opportunities to explore and solve problems involving surface area and 

volume. It also recommends that the majority of instructional time in middle-grades should be 

devoted to address algebraic and geometric concepts. However, researchers have claimed that 

U.S. students are underperforming in the area of geometry, especially in spatial geometry. 

Therefore, it is important to examine the opportunities middle-grades mathematics textbooks 

offer students to learn the geometric concepts of surface area and volume.  

 In this study, I examined the treatment of the geometric concepts of surface area and 

volume in popular and alternative middle-grades mathematics textbooks. The results of this 

study can help curriculum developers make improvements on the treatment of the geometric 

concepts of surface area and volume in middle-grades mathematics textbooks. Additionally, the 

information provided by this study regarding the strengths and weaknesses of various textbooks 

can help teachers make instructional modifications to meet their students’ needs. 
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CHAPTER 2: LITERATURE REVIEW 

 
 The purpose of this dissertation study was to examine the treatment of the geometric 

concepts of surface area and volume in middle-grades mathematics textbooks. In the previous 

chapter, I discussed the importance of these concepts and significance of this study. In this 

chapter, I provide a review of the literature on several topics that guided this study. I divided the 

literature review into three major sections. In the first section, I discuss the different types of 

mathematics curriculum, the role and use of textbooks. In the second section, I present several 

national and international mathematics textbook content analysis studies. In the third section, I 

review various theoretical considerations regarding students’ 3D geometric thinking and learning 

and research related to the investigation of students’ difficulties with 3D thinking in geometry 

and other fields. I conclude this literature review with a brief summary. 

 For this study, I conducted the literature selection in two phases. During the first phase, I 

located articles, conference reports, dissertations, and books using Google Scholar, Education 

Resources Information Center (ERIC), ProQuest, and JSTOR Education. I used the following 

subject headings and key terms to find related articles, conference reports, dissertations, and 

books for inclusion: mathematics textbooks, textbook use, textbook research, textbook analysis, 

volume and middle school students, and surface area and middle school students. During the 

second phase, I conducted additional research to locate important resources such as the 

Handbook of Research on Mathematics Teaching and Learning and Second Handbook of 

Research on Mathematics Teaching and Learning.  
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Types of Curriculum 

 

 Many educators have defined the term curriculum for different purposes (Houang & 

Schmidt, 2008; Lloyd et al., 2017; Robitaille et al., 1993; Schmidt et al., 1997; Schmidt et al., 

2002; Stein et al., 2007; Valverde et al., 2002). In this study, I used the term curriculum to refer 

to as the substance or content of teaching and learning (Stein et al., 2007). Several educators 

have also attempted to describe the different levels of curriculum and their characteristics 

(Crosswhite et al., 1986; Lloyd et al., 2017; Robitaille et al., 1993; Schmidt et al., 1997; Stein et 

al., 2007; Valverde et al., 2002). 

 Lloyd and colleagues (2017) separated the curricula into three levels: intended 

curriculum, enacted curriculum, and attained curriculum. The intended curriculum is the 

mathematics content as prescribed by the national, state, or school district’s educational system. 

The intended curriculum is reflected in curricular materials such as textbooks. The enacted 

curriculum is the teaching and learning of mathematics that occurs as teachers and students 

interact with curricular materials. The attained curriculum is the outcome of students’ learning. 

That is, the attained curriculum describes and measures students’ learning and achievement in 

regards to mathematics. 

 In this study, I examined the intended curriculum. Based on Lloyd and colleagues (2017) 

work, I defined the intended curriculum as the national or state recommendations and standards 

replicated in textbooks. I also defined the textbook as the printed and published materials used 

for mathematics instruction. In addition, the textbook serves as the link between what should be 

taught and what is taught in the mathematics classroom (Valverde at al., 2002). Therefore, it is 

important to examine the role of the textbooks in the mathematics classroom. In the following 

paragraphs, I discuss the role of textbooks in the mathematics classroom. 
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The Role of Textbooks 

 Textbooks are documents that reflect the national, state, or school district’s curricular 

expectations, goals, and visions (Barr, 1988; Lloyd et al., 2017; Robitaille et al., 1993; Schmidt 

et al., 1996; Valverde et al., 2002). In particular, textbooks reflect the national, state, or school 

district’s curriculum regarding the scope and sequence of content, methods of instruction, and 

students’ performance expectations (Schmidt et al., 1996; Tyson-Bernstein & Woodward, 1991; 

Valverde et al., 2002). In the U.S., there is no national curriculum guide (Alajmi, 2012; Lloyd et 

al., 2017; Reys et al., 2004; Schmidt et al., 1996). The NCTM (1989, 2000) documents have 

influenced the design of U.S. textbooks (Lloyd et al., 2017; Ponte & Marques, 2011; Reys et al., 

2004; Schmidt et al., 2002; Zhu & Fan, 2006). 

  Many researchers have suggested that textbooks are the most important feature of the 

teaching and learning of mathematics (Chang & Silalahi, 2017; Harris & Sutherland, 1999; Reys 

et al., 2004; Robitaille & Travers, 1992). The content and structure in textbooks define the scope 

and sequence of instruction (Barr 1988; Chang & Silalahi, 2017; Sosniak & Stodolsky, 1993; 

Tyson & Woodward, 1989; Tyson-Bernstein & Woodward, 1991). According to Li (2000), “the 

textbook provides a blueprint for content coverage and instructional sequences” (p. 236). Many 

teachers of mathematics use textbooks to decide what to teach and how to teach different 

mathematical concepts (Alajmi, 2012; Barr, 1988; Chang & Silalahi, 2017; Chavez, 2003; Fan & 

Kaeley, 2000; Fan et al., 2004; Reys et al., 2004; Robitaille & Travers, 1992; Tyson-Bernstein & 

Woodward, 1991). Educators view mathematics textbooks as the most important resource for 

students’ learning (Fan et al., 2004).  

 Researchers have also acknowledged the impact of textbooks on students’ opportunity to 

learn and achievement in mathematics (Robitaille et al., 1993; Schmidt et al., 1996; Tornroos, 
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2005; Valverde et al., 2002; Xin, 2007; Yang et al., 2017). Schmidt and colleagues (1996) stated 

that textbooks “provide a transition from curriculum intentions to learning opportunities” (p. 38). 

Studies have also shown that the textbooks influence students’ learning in terms of the quality 

and types of opportunities made available to them (Robitaille et al., 1993; Schmidt et al., 1996; 

Tornroos, 2005; Valverde et al., 2002; Xin, 2007). Therefore, differences in students’ curricular 

experiences can mean differences in opportunity to learn and achievement in mathematics. Other 

studies have also indicated that teachers and students rely heavily on their textbooks for the 

teaching and learning of mathematics (Bagley, 1931; Banilower et al., 2013; Braswell et al., 

2001; Chavez, 2003; Grouws & Smith, 2000; Mullis et al., 2004; Mullis et al., 2008; Mullis et 

al., 2012; Tyson & Woodward, 1989; Tyson-Bernstein & Woodward, 1991).  In the next 

paragraphs, I report the findings of national and international studies regarding the use of 

textbooks in the mathematics classroom. 

The Use of Textbooks 

 

 Since the early 1930s, many researchers have documented the extensive use of textbooks 

in the classroom (Bagley, 1931; Banilower et al., 2013; Braswell et al., 2001; Chavez, 2003; 

Grouws & Smith, 2000; Mullis et al., 2004; Mullis et al., 2008; Mullis et al., 2012; Tyson & 

Woodward, 1989; Tyson-Bernstein & Woodward, 1991). These researchers have examined the 

frequency with which both teachers and students use textbooks on a regular basis. In this section, 

I report the findings of both national and international studies in regards to the use of textbooks 

in the teaching and learning of mathematics. 

 At the national level, Bagley (1931) first reported that textbooks hold a prominent 

position in the classroom. Other researchers have also claimed that 75% to 90% of the 

instructional time was structured around textbooks (Tyson & Woodward, 1989). In a later study, 



 

26 

Tyson-Bernstein and Woodward (1991) reported similar findings. Tyson-Bernstein and 

Woodward noted that approximately 90% of the instructional time was structured by 

instructional materials, such as textbooks.  

 More recently, analysis of the NAEP (2000) survey indicated that more than 70% of 

eighth grade teachers reported using textbooks as their main source for instruction on a daily 

basis (Grouws & Smith, 2000). Furthermore, 72% of the eighth grade students reported doing 

math problems from textbooks on a daily basis (Braswell et al., 2001). Interestingly, Grouws and 

Smith (2000) also noted that there was an 11% decrease from 1992 to 1996 in the use of 

textbooks on a daily basis in grade 8. Chavez (2003) also reported that approximately 70% of the 

middle-school teachers used their mathematics textbooks in more than 75% of their lessons.  

 At the international level, analysis of the TIMSS (2003) report showed that on average 

65% of the eighth grade students had teachers that used textbooks as their primary source to 

teach mathematics (Mullis et al., 2004). In addition, findings from the TIMSS (2007) report 

indicated no significance difference in the use of textbooks by eighth grade teachers since 2003. 

Approximately, two-thirds of the eighth grade students had teachers that used textbooks for 

instruction on a daily basis (Mullis et al., 2008). However, analysis of the TIMSS (2011) report 

signified an increase on the international average of textbook use since 2007. At the eighth grade 

level, 77% of the students had teachers that based their instruction on mathematics textbooks 

(Mullis et al., 2012). Analysis of the TIMSS (2012) survey also indicated that more than 80% of 

the elementary, middle, and high school classed used published textbooks (Banilower et al., 

2013). 

 Both at the national and international level, textbooks are heavily relied on despite the 

rapid technological advances and the use of Internet in more recent years. Therefore, the strong 
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influence and extensive use of textbooks can help improve or hinder the teaching and learning of 

mathematics based on the quality of their content (Sosniak & Stodolsky, 1993). In short, 

textbooks have a direct impact on students’ learning (Reys et al., 2004). The quality of the 

content and structure of textbooks can determine students’ opportunity to learn and achievement 

in mathematics (Chang & Silalahi, 2017; Robitaille & Travers, 1992; Tornroos, 2005; Xin 2007). 

As stated by Reys and colleagues (2004), “the choice of textbook often determines what teachers 

will teach, how they will teach it, and how their students will learn” (p. 61). Hence, the quality of 

textbooks has a strong impact on students’ opportunity to learn mathematics. 

 Researchers have expressed their concerns about U.S. mathematics textbooks’ quality. 

Some researchers have criticized U.S. textbooks for being too large, including too many topics, 

and repeating topics (Alajmi, 2012; Choi & Park, 2013; Reys et al., 2004; Schimdt et al., 1996; 

Schimdt et al., 1997; Valverde et al. 2002), while others have claimed that U.S. textbooks lack 

rigorous content (Incikabi & Tjoe, 2013; Reys et al., 2004; Yang et al., 2017; Zhu & Fan, 2006). 

Given the concerns about U.S. mathematics textbooks’ quality and the positive relationship 

between the quality of textbooks, opportunity to learn, and students’ achievement in 

mathematics, it is important to examine the quality of different mathematics textbooks 

(Tornroos, 2005; Xin, 2007). In the next section, I present large- and small-scale national and 

international textbook content analysis studies. 

Research on Mathematics Textbook Content Analysis 

 

 Content analysis begins with the detailed examination of textbook’s lessons, activities, 

exercises, and other learning opportunities (American Association for the Advancement of 

Science [AAAS], 2000). Textbook content analysis studies are conducted to examine textbooks 

alignment with the national recommendations, standards, and the quality of their text (Polikoff, 



 

78 

 According to the Mathematics Framework for the 2007 NAEP tasks are classified as 

being of low, moderate, or high complexity. A low-level complexity task’s main focus is to help 

students to remember previously learned concepts, thus students are not expected to create their 

own method to solve the problem. At this level, students are also expected to solve problems by 

computing a sum, difference, product, or quotient. A moderate-level complexity task requires 

more flexibility of thinking when compared to the low-complexity category. At this level, 

students are encouraged to solve multi-step tasks by “using informal methods of reasoning and 

different problem-solving strategies” (NAEP, 2007, p. 40). A high-level complexity task requires 

students to think critically and analytically, be creative and argumentative in mathematics, use 

their reasoning, and be able to justify or explain their work. 

Table 9. Mathematics Framework for the 2007 NAEP 

HIGH 

COMLEXITY 

MODERATE 

COMPLEXITY 

LOW 

COMLEXITY 

High complexity 

items make heavy 

demand on 

students who 

must engage in 

more abstract 

reasoning, 

planning, 

analysis, 

judgment and 

creative thought. 

The students are 

expected to think 

in abstract and 

sophisticated 

ways 

Items in this category 

involve more 

flexibility of thinking 

and choice among 

alternatives. They 

require a response that 

has more than a single 

step. The students are 

expected to decide 

what to do, using 

informal methods of 

reasoning and problem 

solving strategies. 

This category consists of 

the recall and 

recognition of 

previously learned 

concepts and principles. 

Students carry out some 

procedure that can be 

performed 

mechanically. Students 

are not expected to 

produce an original 

method or solution. 

 

 

 

 



 

79 

Table 9. (Continued) Mathematics Framework for the 2007 NAEP 

HIGH 

COMLEXITY 

MODERATE 

COMPLEXITY 

LOW 

COMLEXITY 

 

➢ Describe how 

different 

representations can 

be used for different 

purposes  

➢ Perform a procedure 

having multiple steps  

➢ Analyze similarities 

and differences 

between procedures 

and concepts  

➢ Generalize a pattern  

➢ Formulate an original 

problem given data  

➢ Solve a novel 

problem  

➢ Solve a problem in 

more than one way  

➢ Explain and justify a 

solution to a problem  

➢ Describe, compare 

and contrast solution 

methods  

➢ Formulate a 

mathematical model 

for a complex 

situation  

➢ Analyze the 

assumptions made in 

a mathematical model  

➢ Analyze or produce a 

deductive argument  

➢ Provide a 

mathematical 

justification.  

 

➢ Represent a situation 

mathematically in 

more than one way  

➢ Select and use 

different 

representations, 

depending on 

situation and 

purpose  

➢ Solve a problem 

requiring multiple 

steps  

➢ Compare figures or 

statements  

➢ Provide a 

justification for steps 

in a solution process  

➢ Interpret a visual 

representation  

➢ Extend a pattern  

➢ Retrieve information 

from a graph, table 

or figure and use it 

to solve a problem 

requiring multiple 

steps  

➢ Formulate a routine 

problem given data 

and conditions  

➢ Interpret a simple 

argument  

 

 

➢ Recall or recognize a 

fact, term or property  

➢ Recognize an example 

of a concept  

➢ Compute a sum, 

difference, product or 

quotient  

➢ Recognize an 

equivalent 

representation  

➢ Perform a specified 

procedure  

➢ Evaluate an expression 

in an equation or 

formula for a given 

variable  

➢ Solve a one-step word 

problem  

➢ Draw or measure 

simple geometric 

figures  

➢ Retrieve information 

from a drawing table 

or graph  

 

 

 Table 9 presents the Mathematics Framework for the 2007 NAEP that I utilized to 

evaluate the level of mathematical complexity of surface area, volume, and surface area and 

volume tasks. During this analysis, I read and coded the surface area, volume, and surface area 
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and volume tasks as low, medium, or high complexity using the Mathematics Framework for the 

2007 NAEP. Precisely, I used the criterion under each level of mathematical complexity to code 

the tasks. I used the following labels to code the level of mathematical complexity of tasks: Low 

(L), Medium (M), or High (H). A task had to meet at least one criterion to be coded as low, 

medium, or high complexity. A task cannot be in between levels. Furthermore, a task containing 

multiple parts was analyzed as a whole. Therefore, I coded each task as requiring a single level 

of mathematical complexity. I repeated this process twice for each set of tasks.  

 I used simple descriptive statistical measures to calculate the proportion of the level of 

mathematical complexity of surface area, volume, and surface area and volume tasks contain in 

each textbook and textbook series. I then used graphical displays to report and compare the 

proportion of the level of mathematical complexity of surface area, volume, and surface area and 

volume tasks within each textbook and textbook series. 

 In the table below (Table 10), I provide examples for each level of mathematical 

complexity tasks in order to demonstrate the Mathematics Framework for the 2007 NAEP 

coding process. I chose all sample tasks from the Glencoe Math (Course 2) textbook (Carter et 

al., 2015, pp. 643-645).  

 The first example presents a low-complexity task. The students have to find the volume 

of a rectangular prism by computing the product. The second example illustrates a moderate-

complexity task. The students have to find the cost to air condition the office for one month by 

performing multiple-step calculations. The third example shows is a high-complexity task. The 

students have to solve, explain, and justify their solution. 
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Table 6. Examples of Low, Moderate, and High Complexity Levels of Volume Tasks 

Code Task 

Low-

Complexity 

 

 Find the volume of the prism. Round to the nearest tenth if necessary. 

 

Medium-

Complexity  

The diagram shows the dimensions of an office. It costs about $0.11 per 

year to air condition one cubic foot of space. On average, how much does 

it cost to air condition the office for one month? 

 

High-

Complexity 

 

A toy company makes rectangular sandboxes that measure 6 feet by 5 feet 

by 1.2 feet. A customer buys a sandbox and 40 cubic feet of sand. Did the 

customer by too much or too little sand? Justify your answer. 

  

 The Mathematics Framework for the 2007 NAEP was selected for three reasons. First, 

the NAEP is a congregational project of the Department of Education’s National Center for 

Education Statistics that has been gathering information about U.S. students’ performance on 

different subject area such as reading, writing, science, and mathematics since the early 1970s 

(NAEP, 2007). Therefore, the Mathematics Frameworks for the NAEP are well-established 

frameworks that allow the researcher to accurately and consistently assess the mathematical 

complexity of a task (Thompson, 2011). Second, the Mathematics Framework for the 2007 

NAEP has been used to assess the mathematical complexity of task in previous studies 

(Schneider et al., 2013). In addition, I am very familiar with this framework, as I have used it to 

assess the mathematical complexity of tasks for two different studies. One study was part of a 
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final project for a doctoral level course (Hatziminadakis & Ercan, 2016).The other study was part 

of a research project. Both studies were submitted and accepted for presentation at two different 

international mathematics textbook conferences but only the first study was presented 

(Hatziminadakis & Ercan, 2016). 

Content Features of Lessons 

 

 Based on the focus of this study, I also examined the surface area, volume, and surface 

area and volume lessons to determine if these lessons address the CCCS for 6-8 geometry that 

are aligned with these topics. I first utilized the Common Core Mathematics Companion: The 

Standards Decoded (Miles & Williams, 2016) book to break down the components for each 

standard. I then created and used the CCCS for 6-8 geometry components guideline (see table 

11) and the geometric measurement standards for grade 5 (see table 12) to examine the extent to 

which the content of these lessons address the appropriate CCCS. 

Lesson Content and CCCS 

 

 The unit of analysis was the surface area, volume, and surface area and volume lessons 

within each textbook. I used the CCCS for 6-8 geometry components guideline and the 

geometric measurement standards for grade 5 to examine if these lessons address the appropriate 

geometry content standards. Table 11 contains the CCCS for 6-8 geometry components that I 

used to evaluate these lessons. The geometric measurement standards for grade 5 are illustrated 

in Table 12. 
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Table 7. CCCS for 6-8 Geometry Components Guideline 

CCCS Component 1 Component 2 

CCSS.MATH.

CONTENT 

6.G.A.2 

Students will determine the 

volume of a right rectangular 

prism with fractional side 

lengths by using unit cubes 

Students will apply the formulas V = l 

w h and V = b h to solve real-world 

and mathematical problems involving 

volume of right rectangular prisms 

with fractional edge lengths 

CCSS.MATH.

CONTENT 

6.G.A.4 

Students will represent three-

dimensional figures by using 

nets made up of rectangles and 

triangles 

Students will use nets to solve real-

world and mathematical problems 

involving surface area  

CCSS.MATH.

CONTENT 

7.G.B.6 

Students will work with two- 

and three-dimensional objects 

composed of triangles, 

quadrilaterals, polygons, cubes, 

and right prisms 

Students will solve real-world and 

mathematical problems involving 

area, volume, and surface area 

 

 

CCSS.MATH.

CONTENT 

8.G.C.9 

Students will learn the volume 

formulas for cones, cylinders, 

and spheres 

Students will apply the volume 

formulas to solve real-world and 

mathematical problems involving 

volume  

  

 I first read each lesson to determine to what extent it addresses the CCCS for 6-8 

geometry components and/or the geometric measurement standards for grade 5. I then assigned 

to each lesson the CCCS for 6-8 geometry components and/or the geometric measurement 

standards for grade 5 it address. I repeated this process twice. After assigning to each lesson the 

appropriate CCCS for 6-8 geometry components and/or the geometric measurement standards 

for grade 5, I used tables to document and compare the extent to which these lessons address the 

CCCS for 6-8 geometry components and/or the geometric measurement standards for grade 5. 

 

 

 

 

 

http://www.corestandards.org/Math/Content/6/G/A/2/
http://www.corestandards.org/Math/Content/6/G/A/2/
http://www.corestandards.org/Math/Content/6/G/A/2/
http://www.corestandards.org/Math/Content/6/G/A/4/
http://www.corestandards.org/Math/Content/6/G/A/4/
http://www.corestandards.org/Math/Content/6/G/A/4/
http://www.corestandards.org/Math/Content/7/G/B/6/
http://www.corestandards.org/Math/Content/7/G/B/6/
http://www.corestandards.org/Math/Content/7/G/B/6/
http://www.corestandards.org/Math/Content/8/G/C/9/
http://www.corestandards.org/Math/Content/8/G/C/9/
http://www.corestandards.org/Math/Content/8/G/C/9/
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Table 8. CCCS for Geometric Measurement (Grade 5) 

CCSS Description 

CCSS.MATH.CONTENT 

5.MD.C.3 

Recognize volume as an attribute of solid figures and understand 

concepts of volume measurement. 

CCSS.MATH.CONTENT 

5.MD.C.3.A 

A cube with side length 1 unit, called a "unit cube," is said to 

have "one cubic unit" of volume, and can be used to measure 

volume. 

CCSS.MATH.CONTENT 

5.MD.C.3.B 

A solid figure which can be packed without gaps or overlaps 

using n unit cubes is said to have a volume of n cubic units. 

CCSS.MATH.CONTENT 

5.MD.C.4 

Measure volumes by counting unit cubes, using cubic cm, cubic 

in, cubic ft, and improvised units. 

CCSS.MATH.CONTENT 

5.MD.C.5 

Relate volume to the operations of multiplication and addition 

and solve real world and mathematical problems involving 

volume. 

CCSS.MATH.CONTENT 

5.MD.C.5.A 

Find the volume of a right rectangular prism with whole-number 

side lengths by packing it with unit cubes, and show that the 

volume is the same as would be found by multiplying the edge 

lengths, equivalently by multiplying the height by the area of the 

base. Represent threefold whole-number products as volumes, 

e.g., to represent the associative property of multiplication. 

CCSS.MATH.CONTENT 

5.MD.C.5.B 

Apply the formulas V = l × w × h and V = b × h for rectangular 

prisms to find volumes of right rectangular prisms with whole-

number edge lengths in the context of solving real world and 

mathematical problems. 

CCSS.MATH.CONTENT 

5.MD.C.5.C 

Recognize volume as additive. Find volumes of solid figures 

composed of two non-overlapping right rectangular prisms by 

adding the volumes of the non-overlapping parts, applying this 

technique to solve real world problems. 

 

 In the table below (Table 13), I provide an example to demonstrate to what extend two 

lessons address the CCCS for 6-8 geometry components and the geometric measurement 

standards for grade 5. Both lessons were drawn from the CM (Grade 6) textbook (Lappan et al., 

2014, pp. 80-84) 

Table 9. Examples of Lessons and CCCS 

G
ra

d
e 

L
ev

el
 

L
es

so
n

 

N
u
m

b
er

 

T
o
p
ic

 

5
.M

D
.3

a 

 5
.M

D
.4

 

 5
.M

D
.5

a 

5
.M

D
.5

b
 

 

6
.G

.A
.2

 

 6
.G

.A
.4

 

 7
.G

.B
.6

 

 8
.G

.C
.9

  

       C1 C2 C1 C2 C1 C2 C1 C2 

6 4.1 SA       X X     

6 4.2 V   X X X X       

http://www.corestandards.org/Math/Content/5/MD/C/3/
http://www.corestandards.org/Math/Content/5/MD/C/3/
http://www.corestandards.org/Math/Content/5/MD/C/3/a/
http://www.corestandards.org/Math/Content/5/MD/C/3/a/
http://www.corestandards.org/Math/Content/5/MD/C/3/b/
http://www.corestandards.org/Math/Content/5/MD/C/3/b/
http://www.corestandards.org/Math/Content/5/MD/C/4/
http://www.corestandards.org/Math/Content/5/MD/C/4/
http://www.corestandards.org/Math/Content/5/MD/C/5/
http://www.corestandards.org/Math/Content/5/MD/C/5/
http://www.corestandards.org/Math/Content/5/MD/C/5/a/
http://www.corestandards.org/Math/Content/5/MD/C/5/a/
http://www.corestandards.org/Math/Content/5/MD/C/5/b/
http://www.corestandards.org/Math/Content/5/MD/C/5/b/
http://www.corestandards.org/Math/Content/5/MD/C/5/c/
http://www.corestandards.org/Math/Content/5/MD/C/5/c/
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 The first lesson is devoted to the concept of surface area. This lesson addresses both 

components of the 6.G.A.4 content standard. The second lesson is devoted to the concept of 

volume. This lesson covers both components of the 6.G.A.2 content standard and two geometric 

measurement standards (5.MD.5a and 5.MD.5b) for grade 5. Based on the topic and grade level, 

both lessons address the appropriate CCCS for 6-8 geometry. However, the second lesson also 

covers two geometric measurement standards from the previous grade level. 

Reliability Measures 

 

 Reliability in content analysis is concerned with stability and reproducibility (Kondracki 

et al., 2002). Stability also called intra-rater reliability measurement the consistency to which the 

same coder categorizes characteristics of texts (Stemler, 2001). To ensure stability, I read and 

coded the data twice. I then check for consistency in coding the data.  

 In content analysis, inter-rater reliability is another important component of reliability 

(Krippendorff, 1980). Inter-rater reliability is “often perceived as the standard measure of 

research quality” (Kolbe & Burnett, 1991, p. 248). Reproducibility also referred to as inter-rater 

reliability, is concerned with the degree of agreement between coders when coding a text 

(Stemler, 2001). As noted by Weber (1990), “to make valid inferences from the text, it is 

important that the classification procedure be reliable in the sense of being consistent: Different 

people should code the same text in the same way” (p. 12). However, high levels of 

disagreement among judges suggest weaknesses in research methods (Kolbe & Burnett, 1991, p. 

248). To ensure coding reliability, it is recommended that at least two coders should code the sets 

of data (Kondracki et al., 2002).  
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 For the first research question, I carefully read and coded the data. I also conducted all 

procedures twice. For the second research question, two coders coded the quantitative data. In 

particular, the tasks were coded in terms of their performance expectations, types of visual 

representations of 3D objects, and level of mathematical complexity. The first coder was the 

author and the second coder was a doctoral level mathematics education student. The author and 

the second coder have coded tasks using the Mathematics Framework for the 2007 NAEP for a 

previous study. The study was part of a final project for a doctoral level course and was 

presented at an international mathematics textbook conference. For the previous study, to ensure 

coding reliability, the author and the second coder randomly selected one set of tasks from each 

mathematics textbook. The coders first discussed the coding and reached consensus on the 

application of the codes. Each coder then coded the tasks independently and reached 

approximately 90% agreement. 

 For this study, the coders followed a similar coding procedure for coding the quantitative 

data. The coders meet three times to discuss the categories, characteristics, and symbols of each 

framework. During the first meeting, the coders read and discussed the codes. The coders then 

randomly selected and coded a sample set of tasks together. After they reached consensus on the 

application of the codes, the coders randomly selected another set of task. Each coder 

independently coded the set of tasks. During the second and third meeting, the coders discussed 

and compare their codes. After reaching 100% agreement on the application of codes, the coders 

randomly selected 10 sets of tasks to code in terms of their performance expectations, types of 

visual representations of 3D objects, and level of mathematical complexity. Again, each coder 

independently coded the set of tasks. The coders coded a total of 195 tasks. Approximately 15% 

of the tasks in the sample of textbooks were coded.  
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 For the third research question, two coders coded the lessons. The first coder was the 

author and the second coder was her major professor. The author and her major professor have 

coded tasks together for a previous study. This study was submitted for presentation to an 

international mathematics textbook conference. The coders first met to discuss the application of 

the CCCS for 6-8 Geometry Components guideline and the CCCS for Geometric Measurement 

(Grade 5). After reaching an agreement on the coding process, the coders randomly selected four 

lessons. Each coder independently coded the lessons. Nearly 10% of the lessons in the sample of 

textbooks were coded.  

 To measure the percent of agreement between the two coders, I added the number of 

tasks coded the same way by both coders and divided it by the total number of tasks. I followed 

the same process to calculate the percent of agreement between the two coders for all coding 

types. A 1.00 signified total agreement and .00 indicated no agreement. According to Neuendorf 

(2002), 90% or greater agreement would be acceptable to all and 80% or greater agreement 

would be acceptable in most cases. Table 14 displays the reliability measures.  

Table 10. Reliability Measures 

Coding Type Agreement with Second Coder 

Performance Expectations  

        Percent of tasks with agreement     

        Percent of codes with agreement 

 

83% 

93% 

Visual Representations of 3D Objects 

        Percent of tasks with agreement 

        Percent of codes with agreement 

 

100% 

100% 

Level of Mathematical Complexity 

        Percent of tasks with agreement 

 

95% 

Lessons and CCCS 

        Percent of lessons with agreement 

 

100% 

 

 As illustrated in Table 13, the reliability for performance expectations was 83%; the 

reliability for visual representations of 3D objects was 100%; the reliability for level of 
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mathematical complexity was 95%; and the reliability for lessons and CCCS was 100%. It is 

important to point out that coding tasks in regards to performance expectations and visual 

representations of 3D objects involved more than one code. Therefore, the percent of codes with 

agreement for both performance expectations and visual representations of 3D objects was 93% 

and 100%, respectively. 

Validity 

 

 In content analysis, it is also vital to establish validity (Krippendorf, 2004; White & 

Marsh, 2006). Holsti (1969) defined validity as “the defensibility of the inferences make from 

the data collected through the use of an instrument” (p. 90). Along the same line, Holsti and 

colleagues (1990) described validity as “the appropriateness, meaningfulness, and usefulness of 

the specific inferences researchers make based on the data they collect” (p. 127). Therefore, 

validity depends on the amount and type of evidence used to support inferences made from the 

data collected (Fraenkel & Wallen, 1990).  

 Krippendorf (2004) identified seven forms of validity: face validity, social validity, 

empirical validity, content validity, construct validity, concurrent validity, and criterion-related 

validity. The most common form of validity used in content analysis studies is face validity 

(Krippendorf, 2004; Weber, 1990; White & Marsh, 2006). Face validity has been defined as “the 

extent to which a measure “gets at” the essential aspects of the concept being measured” (White 

& Marsh, 2006, p. 31). To determine face validity, the researcher needs to provide evidence 

regarding the appropriateness and quality of the content and format of the instrument used in 

his/her study (Fraenkel & Wallen, 1990). 

 For this study, I established validity for research question 1 (part b) by implementing 

Neuendorf’s (2002) validity approach, “what you see is what you get” (WYSIWYG). I used the 
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textbooks as the source to generate the categories of the instructional blocks of lessons. More 

specifically, I developed the categories of the instructional blocks of lessons by reading through 

the data and recognizing patterns. For research questions 1 (part a) and 2 (parts a and c), I 

established validity by using pre-established frameworks that include categories, codes, and 

definitions that are valid and relevant to the purpose of this study. That is, these categories, 

codes, and definitions adequate the purpose of this study. According to Fraenkel and Wallen 

(1990), “the quality of instruments used in research is very important, for the conclusions 

researchers draw based on the information they obtain using these instruments” (p. 126). 

Therefore, I employed well-known frameworks used in previous content analysis studies to code 

the data needed to draw appropriate, meaningful, and useful inferences regarding students’ 

opportunity to learn the concepts of surface area and volume.  

 For research questions 2 (part b) and 3, I developed the Visual Representations of 3D 

Objects Framework based on the national recommendations and standards and the CCCS for 6-8 

Geometry Components Guideline based on the geometry content standards. As noted by 

Krippendorf (2004), “a measuring instrument is considered valid if it measures what it user it 

claims it measures” (p. 313). Thus, the validity of the categories, codes, and definitions 

developed and included in both frameworks were supported by national recommendations and 

standards. I also established validity of these categories, codes, and definitions by having the 

second coder review these measures.   

Summary of Research Design and Methodology 

 

 In this chapter, I described the research design and methodology for this study. In 

particular, I presented and discussed the three research questions, the sample of textbooks, the 
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research design method, the coding scheme, the data collection and procedures, the reliability 

measures, and validity of this study. In the next chapter, I report the findings of this study. 
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CHAPTER 4: RESULTS 

 
 The purpose of this study was to analyze the treatment of surface area and volume 

concepts in order to determine students’ opportunities to learn these concepts. I selected four 

series of middle-grades student edition mathematics textbooks from 2008 to present. More 

specifically, I chose two popular and two alternative mathematics textbook series. Each series 

includes textbooks for grades 6,7, and 8. I examined a total of 12 textbooks during this study. 

Research Questions 

 

The following three research questions were addressed in this study: 

1) Within published mathematics textbook series and across different publishers, what are the 

structural features devoted to the concepts of surface area and volume? In particular, 

a. Where are the surface area and volume lessons located and how many pages and 

lessons are devoted to surface area and volume? 

b. How are the instructional blocks of surface area and volume lessons sequenced?  

2) What are the pedagogical features of the tasks included in the surface area and volume 

lessons within a published mathematics textbook series, and across different publishers? 

Specifically,  

a. What are the performance expectations of students within these tasks? 

b. What types of visual representations of 3D objects are included in these tasks?  

c. What is the level of the mathematical complexity of these tasks? 

3) To what extent do the content of surface area and volume lessons address the Common 

Core Content Standards for 6-8 geometry that are aligned with these topics? 
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 This chapter is divided into four sections to address the research questions.  

In the first section, I present the findings regarding the treatment of surface area and volume 

concepts in terms of the location of surface area and volume lessons in the textbook and the 

number of pages and lessons devoted to these concepts. In the second section, I report the results 

related to the sequence of the instructional blocks of surface area and volume lessons. In the third 

section, I present the findings related to the performance expectations of students within tasks, 

the types of visual representations of 3D objects included in tasks, and the level of mathematical 

complexity of tasks. In the final section, I report the results in regards to the extent to which the 

content of surface area and volume lessons address the CCCS for 6-8 geometry that are aligned 

with these topics. I conclude this chapter with a brief summary of the results. 

Physical Characteristics of Textbook Series 

 

 In this section, I report the results related to the location of surface area and volume 

lessons in the textbooks and the number of pages and lessons devoted to these concepts within 

published mathematics textbook series and across different publishers. I used Flanders’ (1994) 

counting method to determine the location of the surface area and volume lessons and the 

number of pages and lessons devoted to these concepts. I also labeled lessons that address both 

concepts as surface area and volume lessons. I examined a total of 12 middle-grades 

mathematics textbooks. 

Location of the Topic 

 

 The location of the surface area and volume concepts in each textbook are presented in 

Table 15. This table displays the total number of instructional pages and lessons devoted to the 

concepts of surface area and volume in each textbook. 
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Table 11. Location of Surface Area (SA) and Volume (V) Concepts in Each Textbook 

Textbook Number 

Total 

Lessons 

Number 

Total 

Instr. 

Pages 

%  

Pages 

Prior to  

1st SA  

Page 

%  

Pages 

Prior to  

1st V  

Page 

% 

Lessons 

Prior to  

1st SA 

Lesson 

%  

Lessons 

Prior to  

1st V  

Lesson 

GM       

GM6 

GM7 

GM8 

55 

49 

51 

488 

430 

472 

86 

66 

N/A 

87 

67 

85 

87 

69 

N/A 

89 

71 

88 

GMC       

GMC6 

GMC7 

GMC8 

79 

72 

62 

926 

854 

732 

82 

77 

84 

79 

75 

80 

84 

81 

87 

81 

78 

82 

CM       

CM6 

CM7 

CM8 

104 

116 

136 

730 

812 

841 

50 

78 

N/A 

51 

78 

69 

55 

78 

N/A 

56 

77 

68 

UCSMP       

U6 

U7 

U8 

106 

105 

108 

765 

791 

832 

73 

88 

N/A 

73 

88 

N/A 

76 

89 

N/A 

76 

89 

N/A 

  

  Table 15 also shows the percent of pages and lessons prior to the introduction of these 

concepts. I rounded the data in the table to the nearest whole percent. In most textbooks, the 

concepts of surface area and volume are introduced after the middle or towards the end of the 

textbook. In all textbooks, approximately 70% or more of the instructional pages precede the first 

surface area and volume instructional page. Exception to this is the CM6 textbook that 

introduces both concepts in the middle of the textbook. Furthermore, 70% or more of the lessons 

precede the first surface area and/or volume lesson across all textbooks. Again, exception to this 

is the CM6 textbook; both concepts are introduced in the middle of the textbook. Three 

textbooks (GM8, CM8, and U8) do not include any surface area lessons. The U8 textbook also 

does not contain any volume lessons. It is compelling to note that lessons follow one another 

over the four textbook series. That is, all surface area and volume lessons are grouped together 
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within the same unit or chapter. Both the GM and CM textbook series introduce first the concept 

of surface area and then the concept of volume. In contrast, the GMC textbook series introduces 

these concepts in reverse order. Finally, the UCSMP textbook series introduces both concepts at 

the same time. 

Number of Pages 

 

  The total number of instructional pages in each textbook is displayed in Table 16. This 

table also shows the total number and percent of instructional pages devoted to the concept of 

surface area and volume in each textbook. I calculated the total number of instructional pages 

devoted to these concepts by implementing linear measurement of the pages. I rounded 

instructional pages that included other topics to the nearest quarter of a page. I also used a 

separate column to report the number and percent of instructional pages that address both 

concepts. 

Table 12. Number and Percent of Surface Area (SA), Volume (V), and Surface Area and 

Volume (SA&V) Pages in Each Textbook 

Textbook Number 

Total 

Instr. 

Pages 

Number 

SA 

Pages 

Number 

V  

Pages 

Number 

SA&V 

Pages 

Percent 

SA  

Pages 

Percent  

V 

Pages 

Percent 

SA&V 

Pages 

GM        

GM6 

GM7 

GM8 

488 

430 

472 

9.00 

6.25 

0.00 

12.75 

  8.25 

25.75 

2.00 

3.25 

0.25 

1.8 

1.5 

0.0 

2.6 

1.9 

5.5 

0.4 

0.8 

<0.01 

GMC        

GMC6 

GMC7 

GMC8 

926 

854 

732 

31.75 

21.50 

24.50 

21.00 

22.00 

28.75 

7.50 

14.75 

12.00 

3.4 

2.5 

3.3 

2.3 

2.6 

3.9 

0.8 

1.7 

1.6 

CM        

CM6 

CM7 

CM8 

730 

812 

841 

9.0 

8.5 

4.5 

  3.50 

25.25 

13.50 

10.25 

26.00 

4.75 

1.2 

1.0 

0.5 

4.8 

3.1 

1.6 

1.4 

3.2 

0.6 

UCSMP        

U6 

U7 

U8 

765 

791 

835 

6.75 

11.5 

1.25 

  6.00 

12.75 

  6.50 

8.0 

8.0 

0.0 

0.9 

1.5 

0.2 

0.8 

1.6 

0.8 

1.0 

1.0 

0.0 
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 As indicated in Table 16, the number of total instructional pages in twelve textbooks 

ranges from 430 to 926. The GM textbook series contains the least amount of instructional 

pages. The GMC, CM, and UCSMP textbook series have almost double the amount of 

instructional pages than the GM textbook series. Among all textbooks, less than 6% of the 

instructional pages are devoted to the concepts of surface area and volume. More specifically, the 

percent of instructional pages devoted to the concepts of surface area and volume across all 

textbooks, range from 0.2% to 5.5%. The majority of textbooks also contain instructional pages 

that address both concepts simultaneously ranging from 0.01% to 3.2%. 

 

Figure 1. Percent of Instructional Pages in Each Textbook 
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 A closer examination of Table 16 and Figure 1 also reveals a variation in the percentage 

of instructional pages devoted to the concepts of surface area and volume across textbooks. The 

GMC6 textbook has the highest percentage of instructional pages devoted to the concept of 

surface area followed by the GMC8 textbook. Contrary, less than 1% of the instructional pages 

in the CM8, U6, and U8 textbooks address the concept of surface area. The GM8 textbook is the 

only textbook that does not contain any instructional pages devoted to the concept of surface 

area. 

 

  The GM8, GMC8, and CM6 textbooks place a greater emphasis on volume indicated by 

the higher proportion of instructional pages devoted to this concept. By the way of contrast, the 

U6 and U8 textbooks contain the least amount of volume pages. Both the U6 and U8 textbooks 

have less than 1% of volume pages. Almost all textbooks include instructional pages that address 

both concepts simultaneously. Exception to this is the U8 textbook; it does not contain any 

instructional pages that address both concepts. The CM7 textbook has the highest percentage of 

instructional pages that address both concepts followed by the GMC7 and GMC8 textbooks. 

Number of Lessons 

 

 The total number of lessons in each textbook and textbook series is reported in Table 17. 

This table also presents the total number and percent of surface area and volume lessons in each 

textbook and textbook series. I used a separate column to report lessons that address both 

concepts. I also rounded the data to the tenths place. 
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Table 13. Number and Percent of Surface Area (SA), Volume (V), and Surface Area and 

Volume (SA&V) Lessons in Each Textbook and Textbook Series 

Textbook Number 

Total 

Lessons 

Number 

SA 

Lessons 

Number 

V 

Lessons 

Number 

SA&V 

Lessons 

Percent 

SA 

Lessons 

Percent 

V 

Lessons 

Percent 

SA&V 

Lessons 

GM        

GM6 

GM7 

GM8 

55 

49 

51 

1 

1 

0 

2 

1 

3 

0 

0 

0 

2.0 

2.0 

0.0 

3.9 

2.0 

5.9 

0.0 

0.0 

0.0 

GM678 155 2 6 0 1.3 3.9 0.0 

GMC        

GMC6 

GMC7 

GMC8 

79 

72 

62 

3 

2 

2 

2 

2 

3 

0 

1 

1 

3.8 

2.8 

3.2 

2.5 

2.8 

4.8 

0.0 

1.3 

1.6 

GMC678 213 7 7 2 3.3 3.3 0.9 

CM        

CM6 

CM7 

CM8 

104 

116 

136 

2 

4 

0 

1 

6 

2 

0 

1 

0 

1.9 

3.4 

0.0 

1.0 

5.2 

1.5 

0.0 

0.9 

0.0 

CM678 356 6 9 1 1.7 2.5 0.3 

UCSMP        

U6 

U7 

U8 

106 

105 

108 

0 

2 

0 

0 

2 

0 

3 

2 

0 

0.0 

1.9 

0.0 

0.0 

1.9 

0.0 

2.8 

1.9 

0.0 

U678 319 2 2 5 0.6 0.6 1.6 

  

  An examination of Table 17 shows that the total number of lessons range from 155 to 

316. The GM textbook series appears to have the least amount of total lessons followed by the 

GMC textbook series. The other two textbook series (CM and UCSMP) contain a similar amount 

of total lessons. Notice that the CM and UCSMP textbook series have double the amount of total 

lessons than the GM textbook series. Another important observation is that the number of surface 

area and volume lessons in all textbook series is low. Less than 4% of lessons in all textbook 

series are devoted to the surface area and volume concepts. 

 Across all textbooks the total number of lessons range from 49 to 116. The number of 

surface area, volume, and surface area and volume lessons range from 1 to 5. The analysis also 
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indicated that the percent of surface area, volume, and surface area and volume lessons range 

from 1% to 5.9%. That is, most of the textbooks contain a low number and percentage of lessons 

devoted to the concepts of surface area and volume (see Figure 2). 

 

Figure 2. Percent of Lessons in Each Textbook 

 

 The GMC6 textbook has the highest amount of surface area lessons followed by the CM7 

textbook. Two of the GM textbooks, GM6 and GM7, contain only one surface area lesson. None 

of the textbooks offer more than 4 surface area lessons. It is also worth noting that three 

textbooks (GM8, CM8, and U8) do not offer any surface area lessons. The GM8 and GMC8 

textbooks include 4 and 5 lessons on volume respectively. However, two textbooks (CM7 and 

CM6) offer only one volume lesson. The U6 and U7 textbooks have the most lessons that 

address both concepts simultaneously. The U8 textbook does not include any lessons that address 
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the concepts of surface area and volume. At last, the GM textbooks do not contain any lessons 

that address both concepts simultaneously. 

Summary of Physical Characteristics 

 

 On the whole, approximately three-fourths of the instructional pages in all textbooks 

precede the first instructional page devoted to the concepts of surface area and volume with the 

exception of the CM6 textbook that introduces these concepts in the middle of the textbook. 

Likewise, about three-fourths of the lessons in the sample textbooks precede the first lesson 

devoted to the concepts of surface area and volume. Again, only the CM6 textbook includes 

lessons devoted to the concepts of surface area volume in the middle of the textbook.  

 All textbooks contain significantly small amounts of instructional pages devoted to the 

concepts of surface area and volume. The GMC6 and GMC8 textbooks have the highest 

percentage of instructional pages devoted to the concept of surface area, 3.4% and 3.3%. The 

GM8 textbook does not contain any surface area pages. The GM8, GMC8, and CM6 textbooks 

have the largest percentage of instructional pages devoted to the concept of volume ranging from 

3.9% to 5.5%. Nearly 3% or less of the instructional pages in all textbooks address both 

concepts. 

 The majority of textbooks contain 1 to 6 lessons devoted to the concepts of surface area 

and volume. Three 8th grade textbooks (GM8, CM8, and U8) do not offer any surface area 

lessons. The U8 textbook also does not offer any volume lessons. Five out of twelve textbooks 

only have lessons that introduce both concepts simultaneously. 
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Structure of Lessons in Textbook Series 

 

 In this section, I present the findings in regards to the sequence of the instructional blocks 

of lessons devoted to the concepts of surface area and volume within published mathematics 

textbook series and across different publishers. 

Sequence of Instructional Blocks 

 

 I determined the sequence of the instructional blocks of surface area, volume, and surface 

area and volume lessons by using content analysis. As earlier stated, some lessons address both 

concepts. I labeled these lessons as surface area and volume lessons. I analyzed a total of 49 

lessons over the four textbook series. Precisely, I examined 17 surface area, 24 volume, and 8 

surface area and volume lessons during this study. The U8 textbook was not part of this analysis 

because it does not contain any lessons that address the concepts of surface area and volume. In 

the following paragraphs, I describe and provide a display of the sequence of the instructional 

blocks of these lessons for each textbook series. 

Go Math Textbook Series 

 

 There are 2 surface area and 6 volume lessons within the GM textbook series. Analysis 

indicated that the lessons within the GM textbook series contain eight instructional blocks. Table 

18 presents the sequence of the instructional blocks of the lessons within the GM textbook series. 

For the GM textbook series, lesson sequence begins with the essential question, activity, and 

description of concept that includes vocabulary terms and formula. In the middle of the lesson, 

worked examples with solutions, reflection questions, and practice problems are provided. All 

lessons in this textbook series conclude with independent practice. 
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Table 14. Sequence of the Instructional Blocks of Lessons within GM Textbook Series 

Instructional Blocks Essential Question 

Activity 

Description of Concept+ Vocabulary + 

Formula 

Worked Examples + Solutions 

Reflection Questions 

Practice Problems 

Independent Practice 

 

Glencoe Math Textbook Series 

 

 The GMC textbook series offers 7 surface area, 7 volume, and 2 surface area and volume 

lessons. Analysis revealed that most lessons in the GMC textbook series include two parts: 

inquiry lab and lesson.  

Table 15. Sequence of the Instructional Blocks of Lessons within GMC Textbook Series 

Instructional Blocks within Inquiry Lab 

 

Inquiry Question 

Hands-on Activity 

Practice Problems 

Reflection Questions 

Instructional Blocks within Lesson 

 

Essential Question 

Introductory Task 

Description of Concept+ Vocabulary + 

Formula 

Worked Examples + Solutions 

Practice Problems 

Independent Practice 

Test Practice  

Review Problems 

 

 The sequence of the instructional blocks of the lessons within the GMC textbook series is 

displayed in Table 19. Within the GMC textbook series, a typical inquiry lab contains four 

instructional blocks: inquiry question, hands-on activity, practice problems, and reflection 

questions. The lessons in the GMC textbook series have nine instructional blocks. In particular, 

the lessons starts with the essential question followed by an introductory task, description of 

concept that includes vocabulary terms and formula, worked examples with solutions, and 
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practice problems. Lastly, each lesson in the GMC textbook series ends with independent 

practice, test practice, and review problems. 

Connected Mathematics Textbook Series 

 

 There are 6 surface area, 9 volume, and 1 surface area and volume lessons within the CM 

textbook series. Analysis showed that lessons within the CM textbook series follow a similar 

sequence. Table 20 demonstrates the sequence of the instructional blocks of the lessons within 

the CM textbook series.  

Table 16. Sequence of the Instructional Blocks of Lessons within CM Textbook Series 

Instructional Blocks Introductory Task 

Reflection Question 

Multi-Step Problems 

Independent Practice 

 

 The lessons in the CM textbook series contain four instructional blocks. A typical lesson 

in the CM textbook series begins with an introductory task followed by reflection questions. In 

addition, each lesson in the CM textbook series concludes with a set of multi-step problems and 

independent practice. A multi-step problem contains several parts. It is also imperative to note 

that the independent practice section is located at the end of the unit 

University of Chicago School Mathematics Project Textbook Series 

 

 The UCSMP textbook series contain 2 surface area, 2 volume, and 5 surface area and 

volume lessons. Analysis indicated that the lessons in the USCMP textbook series follow a 

similar structure. The lessons in the UCSMP textbook series include eight instructional blocks as 

shown in Table 21. In the USCMP textbook series, typical lessons start with the big idea, 

description of concept that includes vocabulary terms and formula, worked examples with 

solutions; followed by guided practice, practice problems, and activity. All lessons in the 

UCSMP textbook series conclude with an independent practice and review problems. 
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