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ABSTRACT 
 
 

The Relationship Between Small-Group Discourse and Student-Enacted Levels of  
 

Cognitive Demand when Engaging with Mathematics Tasks at  
 

Different Depth of Knowledge Levels 
 
 

by 
 
 

Kristy Litster, Doctor of Philosophy 
Utah State University, 2019 

 
 

Major Professor: Patricia Moyer-Packenham, Ph.D. 
Department: Mathematics Education and Leadership 
 
 

The purpose of this study was to examine the relationship between mathematics 

discourse and grade 5 students’ enacted levels of cognitive demand (CD) when solving 

mathematics tasks at four different depth of knowledge (DOK) levels. To understand this 

relationship, this study used a quasi-experimental sequential mixed methods approach. A 

total of 97 students in four purposefully chosen grade 5 classrooms completed two 

mathematics task-sets, each spanning four DOK levels. Students worked individually on 

tasks in one task-set, followed by small-group Reflective Discourse of solutions and 

strategies. Students worked collaboratively with a small group on a second task-set, 

engaging in Exploratory Discourse of solutions and strategies. 

 The relationship between small-group discourse and student-enacted levels of CD 

were explored qualitatively using magnitude coding of written and video data to evaluate 

students’ written and verbal evidence of student-enacted CD and discourse quality. 
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Within- and between-group relationships were analyzed quantitatively using percentage 

and frequency tables, graphical analyses, chi square tests, and difference in proportions 

tests. Finally, the relationship between types of discourse and student-enacted CD were 

analyzed qualitatively using descriptive pattern coding, open thematic coding, and 

structural coding to explain and explore quantitative results. 

Results show that most students’ written and verbal responses were high cognitive 

demand (HCD), regardless of the discourse type or intended level of the tasks. Results 

also found that although there were no significant differences in the overall quality of the 

mathematical discourse between the two different types of discourse, there were 

significant differences in quality when students engaged in different practices to organize 

the discussion or student responsibilities within the group. Additionally, results showed 

that while Exploratory Discourse tended to isolate typically struggling students, a 

supportive environment, such as the environment created by Reflective Discourse, helped 

to support typically struggling students in this study. Finally, this research reinforced the 

importance of dissonance in prompting students to engage with the mathematics tasks at 

higher levels of cognitive demand. These results show that teachers can use small-group 

discourse as an effective classroom practice to promote HCD in mathematics, regardless 

of the intended DOK of the task. 

 (184 pages) 
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PUBLIC ABSTRACT 
 
 

The Relationship Between Small-Group Discourse and Student-Enacted Levels of  
 

Cognitive Demand when Engaging with Mathematics Tasks at  
 

Different Depth of Knowledge Levels 
 
 

Kristy Litster 
 

High cognitive demand (HCD) tasks can help students develop a deeper 

understanding of mathematics. Teachers need interventions that encourage students to 

engage in HCD activities. Small-group discourse provides HCD opportunities for 

students while solving mathematics problems. Discourse can take place after students 

solve problems individually (reflective) or in groups as students solve problems 

(exploratory). This study looks at the relationship between these two types of small-group 

discourse and student-enacted cognitive demand.  

This study looks at how students engage with tasks that were designed at four 

different cognitive demand levels using Webb’s depth of knowledge (DOK) framework. 

Ninety-seven grade 5 students from four different classrooms were grouped in small 

groups of two or three students to solve two sets of mathematics problems on operations 

with fractions and decimals. Each class engaged in Reflective Discourse after solving one 

set and engage in Exploratory Discourse while solving the other set. To help understand 

any order effects, half the classes used Reflective Discourse with Set 1 while the other 

half used Exploratory Discourse with Set 1. Then, they switched for Set 2, so that 

whoever used Reflective Discourse with Set 1 used Exploratory Discourse with Set 2 and 
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vice versa. 

The researcher analyzed whether there were patterns in levels of cognitive 

demand and quality of the discussion when students engaged in each type of discourse for 

math problems at four different levels. First, the researcher looked at any numerical 

differences between the intended cognitive demand of the problems and how students 

engaged with the problems using frequency tables, heat maps, and statistical analyses. 

Next, the researcher looked at differences in student actions and the way they talked 

about the math problems.  

Findings showed that both Reflective and Exploratory Discourse can be used by 

teachers to promote high student-enacted levels of cognitive demand. Results also 

showed that a supportive environment, such as the environment created by Reflective 

Discourse, can help support typically struggling students. Finally, this research reinforced 

the importance of dissonance in prompting students to engage with the tasks at higher 

levels of cognitive demand. 
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CHAPTER 1 

INTRODUCTION 
 

 High student-enacted levels of cognitive demand can promote deeper student 

understanding of mathematics properties and procedures, increase students’ ability to 

solve related mathematics problems, and reinforce mathematics connections (Smith & 

Stein, 1998; Stein, Grover, & Henningsen, 1996; Webb, 1999). Unfortunately, research 

shows that students’ generally decrease their engagement with the mathematics of a task 

and lower their enacted levels of cognitive demand (Charalambous & Litke, 2018; 

Kessler, Stein, & Schunn, 2015; Otten, 2012). Mathematics discourse can increase 

student involvement in mathematics tasks (Brodie, 2011; Hufferd-Ackles, Fuson, & 

Sherin, 2004; National Council of Teachers of Mathematics [NCTM], 2014; Wouters, 

Van Nimwegen, Van Oostendorp, & Van Der Spek, 2013), which can increase 

opportunities for students to enact the tasks at a higher level of cognitive demand 

(Brodie, 2011; Charalambous & Litke, 2018). Small-group discourse further increases 

equitable access to participation for all students (Hung, 2015). This study will focus on 

two specific types of small group mathematics discourse (i.e., Reflective Discourse and 

Exploratory Discourse) and their relationship with the levels of cognitive demand (i.e., 

number and types of mental connections required to solve a specific task) enacted by 

students (called “student-enacted” in the remainder of this proposal) when engaging with 

mathematics tasks designed to engage students at four different levels of cognitive 

demand. In this study, different levels of cognitive demand are identified using Webb’s 

(1999) Depth of Knowledge (DOK) model. 
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Background of the Problem 
 

In 2017, only 40% of Grade 4 students and 34% of Grade 8 students in the U.S. 

were able to solve mathematics tasks at or above proficiency (Institute of Education 

Sciences [IES], 2018). Low student-enacted levels of cognitive demand when solving 

mathematics tasks contribute to these low proficiency scores. Results from the 2015 

Trends in International Mathematics and Science Study (TIMSS) show that, although 

U.S. students ranked 9 of 46 countries in their ability to solve Depth of Knowledge 

(DOK) Level 1 tasks (“knowing”), their ranking dropped to 17 for DOK Level 2 tasks 

(“applying”) and dropped to 22 for DOK Level 3 tasks (“reasoning”; IES, 2015). This 

shows that as the cognitive demand of the mathematics tasks increase, students’ ability to 

solve the tasks at or above proficiency decreases, resulting in low overall proficiency. 

In an effort to improve students’ ability to solve more cognitive demanding 

mathematics tasks, research and practitioner articles recommend that teachers implement 

High Cognitive Demand (HCD) tasks (i.e., DOK 2-4; e.g., Keazer & Gerberry, 2017; 

Orrill, 2015; Schoenfeld, 2018; Tan, Ismail, & Abidin, 2018). Unfortunately, several 

factors impede the implementation of HCD tasks. First, research shows that conventional 

and standards-based mathematics textbooks contain mostly Low Cognitive Demand 

(LCD) tasks, which limits teachers’ access to HCD tasks (Jones & Tarr, 2007; Moreno 

Alcázar, 2007; Porter, MacMaken, Hwang, & Yang, 2011; Tan et al., 2018). Second, 

many teacher actions and dispositions during implementation of HCD mathematics tasks 

generally decrease the intended levels of cognitive demand (Hong & Choi, 2016; 

Mdladla, 2017). Third, students’ actions and dispositions also decrease their involvement 
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in the mathematics task and lower the level of cognitive demand (Charalambous & Litke, 

2018; Kessler et al, 2015; Otten, 2012). These results indicate that how students engage 

with mathematics tasks, and the practices teachers employ to increase this engagement, 

may be more important than the intended DOK levels of the tasks themselves.  

 
Problem Statement 

 

The Common Core State Standards for Mathematical Practice (SMP) explain that 

students who engage in high student-enacted levels of cognitive demand “continually ask 

themselves, ‘Does this make sense?’” [SMP 1] and “construct arguments using concrete 

referents” [SMP 3] (National Governors Association Center for Best Practices, Council 

of Chief State School Officers, 2010). Mathematical discourse, a discussion between two 

or more students that focuses on specific mathematics properties or procedures, provides 

students with opportunities to engage in these two mathematical practices (NCTM, 2014) 

as they share and clarify mathematical ideas (Brodie, 2011; Hufferd-Ackles et al., 2004; 

Wouters et al., 2013).  

Mathematics discourse can take place with the whole class or in small groups. 

Large group discourse can sometimes limit opportunities for every student to participate 

in the discourse, while small-group discourse increases equitable access to participation 

for all students by increasing their opportunities to talk (e.g., 1 of 3 vs. 1 of 30) and 

promotes collaborative dialogue as students can quickly respond to other students’ ideas 

without waiting for teacher permission (Charalambous & Litke, 2018; Coakley, 2018; 

Hung, 2015; Otten, 2012; Williams, 2010; Yackel, Cobb, & Wood, 1991). This is 
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problematic, as much of the research in mathematics discourse focuses on whole class 

settings (e.g., Brodie, 2011; Erath, Prediger, Quasthoff, & Heller, 2018; Hufferd-Ackles 

et al., 2004; Wouters et al., 2013). Hence, there is need for more research on small-group 

discourse, such as the research in this study. 

Research on mathematics discourse is divided on the timing of discourse - 

whether it should be after (reflective) or during (exploratory) student engagement with 

the mathematical tasks. Reflective Discourse takes place after students have had an 

opportunity to engage with the tasks. Walter (2018) explains that delaying discourse until 

after students have had sufficient time to process the mathematics or write down their 

own ideas can increase the quality of discussion and promote the inclusion of students 

who might otherwise be ignored. This increases opportunities for students to bring 

contrasting ideas to the discussion, which may potentially increase students’ engagement 

in HCD activities such as justifying their own ideas or using their ideas as a 

counterargument. Rojas-Drummond and Mercer (2003) contest that waiting to engage in 

discourse until after the task is complete results in cumulative talk where students simply 

agree with one specific idea and do not elaborate on or discuss contrasting ideas. Instead, 

they recommend using Exploratory Discourse, which takes place during engagement with 

the task and allows students to jointly discuss relevant information in a timely manner. A 

joint discussion could also provide opportunities for students to justify their own ideas or 

use their ideas as a counterargument while strategizing about how to solve the tasks. 

However, there is little to no research specifically examining relationships between these 

two types of small-group mathematics discourse and student-enacted levels of cognitive 
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demand. This indicates a critical need for the research proposed in this study on the 

relationship between reflective and exploratory small-group mathematics discourse and 

student-enacted levels of cognitive demand. 

 
Significance of the Study 

 

Research on student mathematical discourse shows that it can increase 

opportunities for student reasoning and engagement with mathematics tasks. Research on 

reflective and exploratory shows that each type of discourse is important. Reflective 

Discourse can promote equity by providing time for students to prepare their ideas, which 

provides the opportunity for all students to be prepared to share their thinking (not just 

students who think of an idea quickly). Exploratory Discourse can promote collaboration 

by providing opportunities for students to share their own ideas and build upon the ideas 

of other students. However, no study has looked simultaneously at both types of 

discourse in small group settings, settings that promotes both equity and collaboration 

due to group size. This study is significant because it provides a unique perspective on 

the timing of mathematics discourse. It contributes to current research by using a 

quantitative examination of how the affordances of the two types of discourse are related 

to student-enacted levels of cognitive demand and by using a qualitative examination of 

student behaviors that influence this relationship.  

Research on HCD tasks shows increased opportunities for students to deepen their 

understanding of mathematics concepts and procedures. Although research identifies 

some teacher practices that can maintain high levels of cognitive demand, no study shows 
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how student practices might influence levels of cognitive demand (e.g., Georgius, 2014; 

Morgan & Power, 2016; Williams, 2010). This study is significant because it will look at 

how the two types of discourse may support student understanding when engaging with 

Low Cognitive Demand (LCD) and HCD tasks. Knowledge gained from this study adds 

to the literature by highlighting specific student practices that support high student-

enacted levels of cognitive demand when solving mathematics tasks. Teachers can 

potentially model these practices to encourage student use in mathematics classrooms. 

 
Purpose of the Study and Research Questions 

 

 The purpose of this study was to examine the relationship between mathematics 

discourse and student-enacted levels of cognitive demand when students solve 

mathematics tasks at four different Depth of Knowledge levels. The overarching mixed 

methods research questions guiding this study was: What is the relationship between two 

types of small-group discourse and student-enacted levels of cognitive demand when 

engaging with mathematics tasks at four different intended Depth of Knowledge (DOK) 

levels? Evidence of student-enacted levels of cognitive demand (i.e., evidence of thinking 

or reasoning) can be identified from either written or verbal responses to the tasks. As 

such, there are three specific questions.  

1. What are the differences within and between groups for intended DOK levels 
of the mathematical tasks and student-enacted levels of cognitive demand for 
written responses relating to the mathematical tasks?  

2. What are the differences within and between groups for intended DOK levels 
of the mathematical tasks and student-enacted levels of cognitive demand for 
verbal responses relating to the mathematical tasks?  

3. What are the differences in quantity and quality of mathematical discourse 
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contributions during small-group Reflective Discourse (after students 
individually solve mathematical tasks at four DOK levels) and Exploratory 
Discourse (while students solve mathematical tasks as a group at four DOK 
levels)? 

 
 

Summary of the Research Design 
 

This study used a sequential mixed methods approach (Creswell & Plano Clark, 

2011; Tashakkori & Teddlie, 2010) with a quasi-experimental crossover design (Shadish, 

Cook, & Campbell, 2002). Qualitative data, in the form of student written responses to 

mathematics tasks and video data of student verbal responses to the same tasks, was 

collected over the course of two weeks to answer the research questions.  

Data analyses included within- and between-group analyses and focused on 

written evidence of student-enacted levels of cognitive demand, verbal evidence of 

student-enacted levels of cognitive demand, verbal evidence of quantity and quality of 

discourse, categorizing and interpreting evidence, and exploring relationships. 

 
Scope of Study 

 

There are three common models that categorize different levels of cognitive 

demand: Doyle’s (1983) Categories of Academic Tasks, Smith and Stein’s (1998) 

Mathematics Tasks Framework, and Webb’s (1999) DOK. As explained further in the 

literature review, Webb’s DOK model of cognitive demand provides a balanced model 

that clearly defines different levels of high and low cognitive demand mathematics tasks. 

Level 1 provides a clear outline of low cognitive demand tasks. Levels 2-4 provide a 

breakdown of HCD tasks into three distinct levels ranging from surface level connections 
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to highly integrated levels of mathematical and contextual connections. This study uses 

Webb’s DOK model because it is the only model that differentiates HCD into three 

distinct levels, which is critical to understanding the nuances among students’ discourse 

at each level. In the remainder of this proposal, intended levels of cognitive demand for 

specific tasks was identified using the DOK levels identified during task design (e.g., 

intended DOK1). 

Although cognitive demand research addresses all three phases of teaching (i.e., 

intended design, teacher implemented, and student enacted), the scope of this study is 

confined to only the student enacted portion. This allows for a specific focus on student 

reasoning and connections when engaging with tasks at different intended DOK levels. 

Evidences of student-enacted levels of cognitive demand (written and verbal) were coded 

using the DOK model. However, to avoid confusion between intended and enacted levels 

of cognitive demand, written and verbal evidence identifying student-enacted levels of 

cognitive demand is identified as written or verbal cognitive demand and the associated 

DOK level (e.g., written evidence of enacted DOK1 = written CD1) throughout the 

remainder of this proposal. 

Additionally, this research focuses on Grade 5 students. By Grade 5, students 

should have the ability to verbalize reasoning related to their own strategies as well as 

other students’ strategies and reasoning. Grade 5 students also have a variety of 

elementary mathematics classroom experiences from previous grade levels to draw upon 

during their engagement in mathematics discourse. This is important to this study in order 

to capture students’ verbalization of possible internal reasoning and connections. Future 
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research will be needed to expand these findings towards earlier or later grade levels. 

 
Definition of Terms 

 

Cognitive demand – The number and strength of the connections within and 

between mental networks, or schema, to solve a specific task (Webb, 1997).  

Levels of cognitive demand – Cognitive demand is organized in levels based upon 

the number of schema connections anticipated to be involved in the thinking, reasoning, 

or processes elicited by a specific task (Stein & Lane, 1996). Low Cognitive Demand 

requires direct retrieval of facts and procedures from short- or long-term memory, which 

elicits the least number of schema connections to complete recall or procedural tasks. 

High Cognitive Demand requires two or more schema connections to make inferences or 

connections between mathematical ideas or context. Models of cognitive demand, such as 

Webb’s Depth of Knowledge, organize differentiations between the thinking, reasoning 

or processes required for subset levels of low and high cognitive demand.  

Phases of cognitive demand – There are three phases of cognitive demand: 

Intended, Implemented, and Enacted (Stein & Smith, 1998). The level of cognitive 

demand for a specific task can vary based upon the perceptions of the main instigator for 

each phase. The task designer is the main instigator for Intended Cognitive Demand. 

During this phase, the designer has a perception regarding the thinking, reasoning, or 

processes a task will elicit from students in order to complete the task. The teacher is the 

main instigator for Implemented Cognitive Demand. During this phase, the teacher 

interprets how to present and scaffold a designed task for their specific students. The way 
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in which teachers implement the task within their instruction can alter (or maintain) the 

cognitive demand by changing (or maintaining) the thinking, reasoning, or processes 

elicited by the task. The student is the main instigator for Enacted Cognitive Demand. 

During this phase, the student interprets the task and enacts specific thinking, reasoning, 

or processes to complete it. These levels of thinking, reasoning or processes may mimic 

the hypothesized cognitive demand intended by the design or may change based on 

student perception and interpretation. 

Mathematics discourse – Mathematics discourse is a discussion between two or 

more students to exchange ideas regarding how to complete a mathematics task (Hufferd-

Ackles et al., 2004).  

Quality of discourse is ranked using a scale based upon the depth of the 

mathematical content within student contributions to the mathematics discourse (Bishop, 

Hardison, & Przybyla-Kuchek, 2016; Cobb & Yackel, 1996; Durfee, 2018; Walter, 

2018). On one end of the scale, Low Quality discourse contributions pertain to surface 

level conversations relating to basic recall of facts and organizing actions and 

responsibilities. On the other end of the scale, High Quality discourse contributions 

pertain to deeper levels of mathematical connections such as justifying strategies or 

extending results to relate to multiple sources. 

Reflective discourse – Discourse that occurs after students have had time to 

process and/or write about (i.e., solve) the mathematics tasks (Walter, 2018). 

Exploratory discourse – Discourse that occurs during the solution process for the 

mathematics tasks (Rojas-Drummond & Mercer, 2003).  
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CHAPTER 2 

LITERATURE REVIEW 
 

Two areas of literature influenced the design and implementation of this study: 

cognitive demand and mathematics discourse. First, this literature review briefly 

discusses a historical overview of cognitive demand and the relationship between levels 

of cognitive demand and student learning. Second, it summarizes current research 

findings related to cognitive demand (2008-2018), with an emphasis on student-enacted 

levels of cognitive demand. Finally, the conceptual framework discusses the relationship 

between two phases of cognitive demand (intended and enacted) and high-quality 

mathematics discourse. 

 
Historical Overview of Cognitive Demand 

 

Current research and practitioner models of cognitive demand have historical 

roots in the works of Carpenter and Fennema (1988), Greeno (1976), and Resnick and 

Ford (1981) who, in turn, based their work primarily on Cognitive Processing Theory. 

Cognitive Processing Theory is a learning theory that explains how students learn 

declarative knowledge, “knowledge ‘about’ things,” or procedural knowledge, 

“knowledge about ‘how to do’ things” (Gagne, Yekovich & Yekovich, 1993, p. 91) and 

encode or retrieve this knowledge from short- and long-term memory. As seen in Figure 

2.1, outside input is encoded to short-term memory and then stored in long-term memory 

as either declarative or procedural knowledge. Declarative knowledge can be retrieved 

from long-term memory and matched with procedural knowledge, which when retrieved,  
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Figure 2.1. Memory encoding and retrieval (adapted from Gagne et al., 1993). 

 

can influence students’ physical performance (Anderson, 1982; Gagne et al., 1993). 

Sweller and Mayer (2015) explains that long-term memory provides the justification for 

the education process - when things are changed in long-term memory, they are learned. 

A person’s long-term memory is made of up a mental network of nerves that 

allows different senses to be stored and retrieved, such as images, sounds or even smells 

(Wittrock, 1992). Data structures, known as schemes, are built up in long-term memory 

to match associations between various declarative and procedural knowledge in an 

organized manner (Cowan, 2000). Schemes in long-term memory help facilitate 

inferences on what should be done, when it should be done, and how it should be done 

(Gagne et al., 1993; Mayer, 2006). Nussbaum (1999) explains that schemes allow a 
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person to create a new series of neurons, create connections between schemes, or remove 

connections as old schemes are rejected for new ones. The number and strength of the 

connections within and between schemes related to a specific task are referred to as the 

cognitive demand of the task (Webb, 1997). Cognitive demand is sometimes confused 

with cognitive load; however, cognitive load focuses primarily on capacity of short-term 

memory, while cognitive demand focuses primarily on schemes activated in long-term 

memory (Grobman, 2015; van Merrienboer & Sweller, 2005). Low cognitive demand 

tasks many only activate one scheme to retrieve information; however, as the level of 

cognitive demand for a task increases, the number of schemes activated to complete the 

task also increases. The activation of multiple schemes can help students build a deeper 

and more flexible understanding and application of mathematics (Rittle-Johnson, Star, & 

Durkin, 2012). 

Carpenter and Fennema (1988), Resnick and Ford (1981), and Greeno (1976) 

each proposed that student-enacted levels of cognitive demand directly relate to retention 

of what students learn (i.e., the ability to recall procedural or declarative knowledge) as 

well as the ability to apply that learning to novel problems or situations. 

Resnick and Ford’s (1981) work was based on the idea that “one of the 

fundamental assumptions of cognitive learning psychology is that new knowledge is in 

large part ‘constructed’ by the learner” (p. 249). She emphasized that the process of 

building new relationships for students is a key component of learning. Although this 

information about how students learn is interesting, many researchers wanted a more 

practical application of these theories. In order to use this information to facilitate 
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research, Thomas Carpenter and Elizabeth Fennema developed a model for research and 

curriculum development. In this model, teachers’ decisions affect classroom instruction, 

which in turn, affects students’ cognitions and learning (Carpenter & Fennema, 1991).  

Greeno (1976) focused his research relating to cognitive demand specifically on 

the tasks used in classroom instruction. He proposed that the goals of instruction could be 

inferred from the tasks that students perform. He also noted that researchers could 

analyze the cognitive structures that students would need to engage in to successfully 

complete mathematical tasks, which in turn, would help ensure that instruction promotes 

the most important goals. He explained that true cognition is situated within the 

circumstances of the learning.  

One disadvantage of cognitive processing theory is that, although instructors and 

researchers can make inferences based on student actions and responses, learning takes 

place within the student’s mind and is invisible. Based on the work of Carpenter and 

Fennema (1988), Resnick and Ford (1981), and Greeno (1976), Doyle (1983) developed 

a model to help identify and understand some of the processes and thinking that students 

would need to mentally engage with to be successful in completing different instructional 

tasks. 

 
Categories of Academic Tasks Framework  

Walter Doyle (1983) was one of the first researchers to create a framework to 

categorize four different levels of cognitive demand, which he called Categories of 

Academic Tasks. This is significant because it set the precedence of not only leveling 

cognitive demand, but inferring that there is a difference in student learning based on 
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those levels. His framework was also influential in the design of Smith and Stein’s (1998) 

Mathematics Tasks Framework, which is used in the majority of current mathematics 

research on cognitive demand. 

 
Mathematics Tasks Framework 

Stein et al. (1996) developed the first cognitive demand framework focused 

specifically on mathematics - the Mathematics Tasks Framework. They developed this 

framework to help stratify 144 mathematical tasks within their research study across four 

levels of cognitive demand: memorization, procedures without connections, procedures 

with connections, and doing mathematics. Stein et al. also adapted Doyle’s definition of 

an academic task to apply specifically to mathematics. In their framework, a 

mathematical task relates to a specific mathematical idea. One lesson may have several 

tasks, with varying levels of cognitive demand that change as the foci changes to address 

different conceptual or procedural aspects of the lesson topic. This definition of a 

mathematical task was used to determine the grain size for the coding analysis in this 

study.  

Using the Mathematics Task Framework, Stein and Lane (1996) reported a link 

between student gains on a performance assessment designed with cognitively 

demanding tasks and HCD instructional classroom tasks. In contrast, student performance 

was low for control groups that used low cognitive demand instructional classroom tasks 

or classrooms tasks that required little or no mathematics discussion. This was significant 

as it directly linked the intended and implemented cognitive demand of classroom tasks 

and student learning. 
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In 1998, Smith and Stein printed the complete Mathematics Tasks Framework in 

the practitioner journal Mathematics Teaching in the Middle School, along with a task 

sorting activity a few years later to allow teachers to practice identifying the intended 

cognitive demand of tasks (Smith, Stein, Arbaugh, Brown, & Mossgrove, 2004). Their 

goal was to bring their research directly to teachers as a framework to promote the 

practice of selecting HCD tasks for students. Current researchers who cite Doyle (1996) 

or Smith and Stein (1998) directly, often reproduce their models completely as a figure or 

appendix to work as a task analysis guide in their research (e.g., Jamieson, 2015; 

McCormick, 2016; Sherman, 2011). The early research on the Mathematics Task 

Framework influenced, in part, the development of Webb’s Depth of Knowledge which is 

currently gaining practitioner attention. 

 
Webb’s Depth of Knowledge Framework 

Webb (1997) developed a framework with four levels of cognitive demand to 

analyze the alignment between state mathematics standards and test items in standardized 

assessments and called the framework Depth of Knowledge (DOK). The four levels of 

the framework increase from low cognitive demand (DOK 1, Recall) to three different 

levels of HCD (DOK 2, Application; DOK 3, Strategic Thinking; and DOK 4, Extended 

Thinking). In 1999, Webb published a conceptual Depth of Knowledge framework for 

easy practitioner reference as well as training materials in 2005 (http://wat/wceruw.org/ 

index.aspx). The DOK framework is being used by curriculum companies, such as 

Nextlesson Inc. to design instructional task-sets than span all four DOK levels for K-12 

classrooms. Two Nextlesson task-sets were used in this study. 
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Comparison of Three Influential Cognitive  
Demand Frameworks 

The three frameworks described above are not the only frameworks for 

organizing levels of cognitive demand. For example, Schoenfeld (2018) used the TRU 

Framework in analyzing cognitive demand, while Tan et al. (2018) used the Cognitive 

Dimensions of TIMSS 2015 Mathematics Framework. However, the three 

aforementioned models (Categories of Academic Tasks, Mathematics Tasks Framework, 

& Depth of Knowledge) are the most influential frameworks for organizing levels of 

cognitive demand in current classroom research and practice. Figure 2.2 compares the 

similarities among these three historical cognitive demand frameworks. For ease of  

 

 
Figure 2.2. A comparison of three influential cognitive demand frameworks. 
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reference, all frameworks are compared to Webb’s Depth of Knowledge, the framework 

used in this study, to better understand possible overlap or gaps. 

Depth of Knowledge Level 1. As shown in Figure 2.2, Webb’s (1999) first, and 

lowest level of cognitive demand, is recall/reproduction. Encoding and retrieval of 

declarative or procedural knowledge is the basis for Depth of Knowledge (DOK) level 1. 

Students passively retrieve basic declarative knowledge to recall memorized facts and 

perform basic sets of procedural behaviors. (DOK) Level 1 encompasses both level 1 and 

level 2 in each of the other two models. Smith and Stein (1998) define memorization 

tasks and simple procedural tasks as low cognitive demand tasks. 

Depth of Knowledge Level 2. Webb’s (1999) second cognitive demand level is 

skills/concepts. Where DOK Level 1 focuses on activating specific pieces of declarative 

or procedural knowledge, activation of schemes in long term memory are the basis of 

DOK Level 2. Schemes in long-term memory help facilitate student inference on what 

should be done, when it should be done, and how it should be done (Gagne et al., 1993; 

Mayer, 2006). At DOK Level 2, students encounter new situations or are asked to apply 

information or concepts to make decisions about how to approach a problem or activity 

beyond an automated response.  

This response usually entails more than one step in the solution process. Students 

are still applying procedures; however, procedures are not applied mindlessly, nor 

without context. Students often apply learned procedures to new situations, such as word 

problems. For the task to truly require conceptual understanding, the student must have a 

variety of procedures to choose from and identify the correct one to accomplish their 
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task.  

Webb’s Depth of Knowledge Level 2 aligns with Level 3 in the other two models 

and also encompasses part of Smith and Stein’s (1998) highest level, doing mathematics, 

due to the inclusion of non-algorithmic thinking. Webb (1999) defines Depth of 

Knowledge Level 2 tasks as mid-level cognitive demand tasks; however, Smith and Stein 

(1998) designate tasks at this comparative level, as well as any higher-level tasks, as 

HCD demand. Therefore, for the purposes of this study, any tasks that are DOK Level 2 

or higher are designated as HCD. 

Depth of Knowledge Level 3. Webb’s (1999) third cognitive demand level is 

strategic thinking. While DOK Level 2 tasks generally only required the activation of one 

scheme, DOK Level 3 tasks often required activation of multiple schemes to reason or 

think strategically about the task (Gagne et al., 1993). Strategic thinking requires 

reasoning, developing a plan, more than one possible solution, and requires students to 

justify their response in order to manipulate facts, procedures, and/or non-routine 

solutions.  

For most DOK Level 3 tasks, there are usually multiple methods or strategies for 

solving the problem embedded within the task (Anderson & Schunn, 2000). The goal of 

DOK Level 3 tasks is “not to automate but to maintain conscious control of the 

procedure, because of the varying conditions under which strategies apply” in order to 

monitor outcomes and learn when various strategies apply (Gagne et al., 1993, p. 205). 

Developing a logical argument requires an explanation of these conscious strategies 

(Feldon, 2007). 
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DOK Level 3 tasks may also involve creating hypotheses, similar to Doyle’s 

(1983) level 4 (Opinions), however Webb’s level 3 continues beyond this by requiring 

generalization or justification of those opinions. These justifications relate more closely 

to Smith and Stein’s (1998) level 4 activities of exploring and understanding relationships 

in mathematics; however, it should be noted that Smith and Stein’s model never 

explicitly requires justification of understanding, which Webb (1997) emphasizes as a 

basic component of HCD tasks.  

Depth of Knowledge Level 4. Webb’s (1999) fourth, and highest level of 

cognitive demand, is extended thinking. Tasks at DOK Level 4 often “push the 

boundaries” of student schemes to promote far transfer across domains (Barnett & Cecci, 

2002). Because DOK Level 4 and DOK Level 3 tasks both require the activation of 

multiple schemes, it can sometimes be hard to distinguish between the two levels. One 

distinguishing characteristic of DOK Level 4 tasks is they usually cross curriculum 

domains when activating multiple schema, while DOK Level 3 tasks can be confined to 

only the mathematics domain. A second distinguishing characteristic of DOK Level 4 

tasks is that they usually require the use of multiple mathematics standards to complete 

the tasks, integrating different mathematical topics. 

DOK Level 4 tasks require students to construct, create, analyze, and apply 

mathematical understanding across multiple disciplines or real-world contexts. Smith and 

Stein’s Level 4 spans a broad range of activities as it also requires students to analyze 

tasks and requires self-monitoring and self-regulation. Although Depth of Knowledge 

Level 4 tasks often require longer periods of time to complete, time itself does not 
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determine HCD (Webb, 1999, pp. 15-22). 

The results of this comparison between cognitive demand models is significant to 

this study as it confirms Webb’s DOK as a potential framework for use in mathematics 

classrooms. The DOK framework not only spans all levels and types of cognitive demand 

tasks, but it also offers unique perspectives and fills in gaps created by other models to 

clearly delineate among different levels when creating and evaluating tasks. Additionally, 

it provides three distinct levels differentiating different types of HCD tasks. This provides 

a lens in which to more accurately review results of student engagement with HCD tasks. 

 
Current Research Findings in Cognitive Demand 

 

Current research findings on cognitive demand fall within one of three phases of 

curriculum integration: intended (CD of task design), implemented (CD based on teacher 

presentation or actions), and enacted (CD enacted by student). Overall, research on task-

intended levels of cognitive demand shows that the mathematics tasks in most 

commercial and teacher-designed curriculums are Low Cognitive Demand (LCD; e.g., 

Jones & Tarr, 2007; Kohar, Wardani, & Fachrudin, 2019; Moreno Alcázar, 2007; Porter 

et al., 2011; Tan et al., 2018). This is important to this study as it identifies the need for 

practices that can help increase student-enacted levels of cognitive demand for both high 

and low cognitive demand tasks.  

Overall, research on teacher-implemented levels of cognitive demand shows that 

many teacher actions and dispositions, during the implementation of HCD mathematics 

tasks, generally decrease the intended levels of cognitive demand (e.g., Boston & Smith, 
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2009; Candela, 2016; Hong & Choi, 2016; McCormick, 2016; Mdladla, 2017; Roth, 

2019; Son & Kim, 2015; Yanik & Serin, 2016). Store and College (2015) found that the 

launch of the task by the teacher was particularly important. The way that tasks are 

launched is critical in maintaining the cognitive demand of the tasks. The best launches 

give only minimal instructions that provide student expectations, without “funneling their 

thinking” (p. 1188). These results are important to this study as they outline the rationale 

for limiting teacher involvement in the study to a minimal launch of the mathematics 

tasks. 

Overall, research on student-enacted levels of cognitive demand shows that the 

cognitive demand of intended and implemented curriculum is not correlated with the 

enacted curriculum. Most students enact mathematics tasks at low levels of cognitive 

demand, regardless of the intended or implemented levels, (e.g., Charalambous & Litke, 

2018; Kessler et al, 2015; Otten, 2012).  

Otten (2012) found that the nature of students’ disposition towards HCD tasks 

influenced their involvement with the tasks and predicted levels of enacted cognitive 

demand. This outcome is supported by other research that found when students exhibit 

either indifferent dispositions towards mathematics tasks or exhibit a desire to quickly 

complete the tasks, they engage with the tasks in a manner that typically decreases their 

involvement with the mathematics tasks and lowers student-enacted levels of cognitive 

demand (e.g., Candela, 2016; Charalambous & Litke, 2018; Kessler et al, 2015; Morgan 

& Power, 2016; Ngware, Ciera, Musyoka, & Oketch, 2015; Otten, 2012 Sherman, 2011). 

For example, in Kessler et al.’s study, students interacted with online tasks in a tutor 
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program. One student, Emma, skipped the introductory pages, which were designed to 

engage students in HCD tasks and reasoning which they would then use in the subsequent 

problems. Rather than reason through what each problem was asking, Emma duplicated 

previous procedures to answer questions through a series of trial and error. She also 

neglected to explain her final reasoning in her answers, though it was requested by the 

instructions for each task. 

Emma’s learning disposition (i.e., desire to “get it done”) may have influenced 

her low student-enacted levels of cognitive demand, despite the high intended cognitive 

demand of the tutor program. When student involvement decreases, the intended 

elements of richness that facilitate HCD are lost (Charalambous & Litke, 2018). 

Conversely, students’ dispositions can also increase the probability of engagement with 

HCD tasks. Gilbert (2016) found that when students had positive dispositions towards the 

context of the task, their motivation decreased task avoidance and negative emotions 

associated with performance.  

Welder et al. (2015) found that the numbers used in mathematical tasks, 

regardless of the intended cognitive demand, affected student-enacted levels of cognitive 

demand for undergraduate students in their preservice teacher mathematics content 

course. For example, students were more likely to fall back on meaningless procedures 

(i.e., LCD) when working with fractions if the denominators were “friendly” towards 

decimals or common denominators (e.g., 1/10, 1/5). Students were more likely to engage 

in reasoning and justification (i.e., HCD) with nontraditional strategies when 

denominators were prime numbers. 
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In summary, current research indicates that how students engage with 

mathematics tasks, and practices to increase this engagement, may be more important 

than the original intended DOK level of the tasks. Student participation and interactions 

with mathematical tasks can play a determining role in the enacted cognitive demand. 

Research related to cognitive demand of enacted curriculum is of critical significance to 

teachers as they plan and implement HCD tasks during mathematics instruction. The 

limited research relating to enacted levels of cognitive demand focuses primarily on 

student interaction with technology or student surveys to identify their curricular 

experience. Research is needed that captures student thinking, either verbally or written, 

to capture a more holistic understanding of student engagement with tasks at different 

levels of cognitive demand. Additionally, research is needed on interventions that 

teachers can incorporate into their classrooms to promote student participation, which in 

turn, would support student learning opportunities.  

 
Conceptual Framework 

 

The conceptual framework in Figure 2.3 shows the potential relationships 

between intended/implemented levels of cognitive demand, student-enacted levels of 

cognitive demand, and mathematics discourse. 

 On the left side of Figure 2.3 is the intended or implemented DOK for a specific 

mathematics task (Webb, 1999). On the right are the high or low student-enacted CD for 

the same task (Stein et al, 1996; Webb, 1999). Students may enact multiple elements of 

high or low CD in response to a single task (e.g., using recall of facts to support counter- 
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Figure 2.3. Discourse and interpretation influence on cognitive demand. 

 

argument). The arrow in the middle indicates research findings that students’ 

interpretation of the tasks primarily influences enacted CD (e.g., Otten, 2012).  

An additional influence on student-enacted CD are potentially internal or external 

mathematics discourse in which the student engages. This relationship between cognitive 

demand and discourse is cyclical in that interpretation influences the discourse, which 

influences cognitive demand enactment, which can then influence a change in 

mathematics discourse, which in turn, can influence a student’s interpretation of the 

mathematics task. Although discourse can potentially decrease student-enacted CD (e.g., 

cumulative talk, Rojas Drummond & Mercer, 2003), it has an even greater potential to 

increase student-enacted CD by eliciting student participation in evaluating and reasoning 



26 
 
about mathematical properties or procedures (e.g., Charalambous & Litke, 2018; Falloon 

& Khoo, 2014; NCTM, 2014; Otten, 2012; Sfard, 2001; Williams, 2010). This study 

focuses on this relationship between discourse and cognitive demand.  

 
Small Group Mathematics Discourse 

When students work in small groups (i.e., 2-3 people), it provides participation 

opportunities for discourse of mathematical ideas and strategies. Learning is a social 

process that is facilitated through social discourse to lead to personal understanding 

(Bruner, 1983; Clements & Battista, 2009; Forman, 2003; Vygotsky, 1978). Mathematics 

discourse helps students to verbalize their understanding, which not only extends their 

thinking, but also allows them to assimilate the knowledge for a higher transfer of 

learning (Brodie, 2011; Hufferd-Ackles et al., 2004; Wouters et al., 2013).  

During small-group discourse, students have the opportunity to share and clarify 

their ideas through constructive arguments, solidify mathematical language and ideas, 

and evaluate others’ perspectives (NCTM, 2014). This collaboration of ideas and 

perspectives leads to a collective intelligence or socially shared meta-cognition (Bruce & 

Flynn, 2011; Iiskala, Vauras, Lehtinen, & Salonen, 2011; McGonigal, 2008). The co-

construction of learning through explanations, redefinitions and reiterations promotes 

multiple strategies and deeper understanding of the mathematics (Hwang & Hu, 2013; 

Mueller, 2009; Wachira, Pourdavood, & Skitzki, 2013). Carpenter, Franke, and Levi 

(2003) explain that students who “justify their own mathematical ideas, reason through 

their own and others’ mathematical explanations, and provide a rationale for their 

answers develop a deep understanding” (p. 6) of the mathematics. Anderson-Pence 
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(2014) found that discourse, when combined with HCD tasks, deepened students’ 

connections which promoted learning. Additionally, the use of language in tasks that 

promotes HCD, can help increase students’ mathematical fluency and accuracy 

(Grammer, Coffman, Sidney & Ornstein, 2016). Another benefit of discourse is that it 

can increase student interest in the context or task, which can help increase or maintain 

CD (Gilbert, 2016). In summary, discourse increases opportunities for students to reason 

through or justify procedures and concepts to make connections – elements of HCD 

(Georgius, 2014; Kalamar, 2018; van Leeuwen & Janssen, 2019; Williams, 2010).  

As mentioned in the introduction, discourse can occur at different times during 

student engagement with mathematics tasks. Reflective Discourse occurs after students 

have had an opportunity to engage with the mathematics tasks independently, which 

allows students opportunities to reflect on their thinking and strategies (Cobb, Boufi, 

McClain, & Whitenack, 1997; Steffe, 1991; Walter, 2018). This reflection can be 

facilitated by the teacher in a whole-class setting or in small groups with students 

directing the conversation. Reflection on actions can facilitate opportunities for students 

to develop their mathematical understanding (Cobb et al., 1997; Silverman & Thompson, 

2008; Steffe, 1991). Cobb et al. found in their study with young children, that 

“participation in this type of discourse constitute conditions for the possibility of 

mathematical learning [Italics in text]” (p. 264). When students reflect on their actions, 

“new, more advanced conceptions develop out of existing conceptions” (Silverman & 

Thompson, 2008, p. 506).  

Research shows that delaying discourse allows students wait-time to process their 
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ideas and bring a dynamic object with them to the discussion to facilitate discourse 

(Silverman & Thompson, 2008; Walter, 2018). Kalamar (2018) found that when students 

in her study were given time to prepare their response, they had more in-depth responses 

during discourse. When students have time to prepare their response, it also leads to more 

equitable opportunities for all students to participate in the discourse and share their 

ideas. In her paper synthesizing 20 years of research, Rowe (1986) noted that delaying 

discourse allows “previously ‘invisible’ people [to] become visible” (p. 45), which 

included both minority and typically struggling students. Kalamar found that by the end 

of her three-week intervention, 100% of students in the intervention class were 

participating during Reflective Discourse.  

Exploratory Discourse occurs while students are engaging with the mathematics 

tasks. Joint discussion while engaging with tasks allows student discourse to occur in a 

timely manner, which allows students opportunities to build a collaborative 

understanding of the mathematics (Calcagni & Lago, 2018; Patterson, 2018; Rojas-

Drummond & Mercer, 2003). Barron (2003) found that when groups worked together 

collaboratively using Exploratory Discourse, they had a meaningful conversation that 

allowed them to bring out a variety of thinking and ideas to solve the task. Hogan, 

Nastasi, and Pressley (1999) found that when students in their study were allowed to 

work in small groups (i.e., Exploratory Discourse) to solve problems, independent of the 

teacher, they were more likely to engage in high levels of reasoning (i.e., HCD) such as 

elaboration and justification of strategies and solutions. In summary, Reflective and 

Exploratory Discourse each provide students with different types of opportunities or 
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resources to reason through mathematical concepts or procedures that may facilitate 

discourse containing elements of HCD for a deeper understanding of the mathematics.  

 
Summary 

 

 This chapter outlined the importance of high student-enacted levels of cognitive 

demand to facilitate a deeper understanding of mathematics. Very little research has 

focused directly on how students enact mathematical tasks to understanding the role of 

student discourse in promoting high student-enacted levels of cognitive demand. The 

conceptual framework shows that small-group mathematics discourse can potentially 

target student perceptions and responses directly to increase student-enacted levels of 

cognitive demand. Research on students’ mathematical discourse shows that it can 

increase opportunities for student reasoning and engagement with mathematics task. 

Reflective Discourse can promote equity, while Exploratory Discourse can promote 

collaboration. This study makes a significant contribution because it will provide a 

unique perspective and quantitative analysis on how the timing and affordances of two 

types of mathematics discourse (during the task or after the task) may relate to student-

enacted levels of cognitive demand. It will also contribute to the literature by 

qualitatively examining student behaviors that influence this relationship. Knowledge 

gained from this study will add the literature by highlighting specific student practices 

that teachers can reinforce to promote high student-enacted levels of cognitive demand. 
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CHAPTER 3 

METHODS 
 

The purpose of this study was to examine relationship between mathematics 

discourse and student-enacted levels of cognitive demand when students solved 

mathematics tasks at all four DOK levels. 

 
Research Design 

 

This study used a sequential mixed methods approach (Creswell & Plano Clark, 

2011; Tashakkori & Teddlie, 2010) with a quasi-experimental crossover design (Shadish 

et al., 2002). A crossover design allowed students to act as their own control group and 

control for class to class variations, which increased the reliability and validity of the 

study for generalized causal inferences.  

Mixed methods provide a deductive lens to understand student-enacted levels of 

cognitive demand (written and verbal) and explore within- and between-group 

relationships between intended and enacted levels of cognitive demand when students 

engage in small-group mathematics discourse (Creamer, 2018). Mixed methods also 

provide an inductive lens to generate hypotheses around the relationships between 

mathematics discourse and student-enacted levels of cognitive demand (Creamer, 2018). 

The researcher collected qualitative data in the form of student written and verbal 

responses to mathematics tasks over the course of four weeks and then analyzed the data 

qualitatively and quantitatively in a sequential manner. Combining and building upon 

quantitative and qualitative results increased the internal and external reliability of 
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research findings by evaluating the effectiveness of discourse and contextualizing the 

results (Creamer, 2018).  

 
Research Questions 

 

The overarching research question guiding this study was: What is the 

relationship between two types of small-group discourse and student-enacted levels of 

cognitive demand when engaging with mathematics tasks at four different intended 

Depth of Knowledge (DOK) levels? There were three specific questions. 

1. What are the differences within and between groups for intended DOK levels 
of the mathematical tasks and student-enacted levels of cognitive demand for 
written responses relating to the mathematical tasks?  

2. What are the differences within and between groups for intended DOK levels 
of the mathematical tasks and student-enacted levels of cognitive demand for 
verbal responses relating to the mathematical tasks?  

3. What are the differences in quantity and quality of mathematical discourse 
contributions during small group Reflective Discourse (after students 
individually solve mathematical tasks at four DOK levels) and Exploratory 
Discourse (while students solve mathematical tasks as a group at four DOK 
levels)? 

 

Participants and Materials 
 
 

Participants 

 This study used a purposeful sample of four grade 5 public and charter school 

classrooms in the intermountain west. Utilizing four different classrooms allowed the 

researcher to control for class to class variations and compare class effects for within-and 

between-group variations which increases generalizability and validity of results. 

Classrooms selected for inclusion in the study were limited to those where 
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teachers identified that they had previously established classroom norms for group work. 

Cobb and Bauersfeld (1995) found that, in a typical school year that begins in the fall 

(September), small group activities required less teacher intervention by January, when 

the teacher began establishing classrooms norms in the fall of the year. This was 

important in this study as one assumption was that groups could work on the tasks with 

little or no teacher intervention. Previously established norms were defined as classroom 

norms for group work set up within the first month of the school year and reinforced 

throughout the year. The expectation of established norms for group work required for 

this study was that students worked collaboratively to answer the questions posed in the 

mathematical tasks, communicated their thinking and reasoning, and agreed on one 

answer to the task. During prior participation in cognitive demand professional 

development sessions with the researcher, teachers across multiple schools filled out a 

form expressing interest in future classroom research studies. Four grade 5 classrooms 

were identified for inclusion in this study from this self-nominated pool of candidates. 

The teachers in each classroom in this study purposefully placed their students in 

groups of 2-3 that supported collaboration and communication. Every student (N = 101) 

in the four identified classrooms completed the informed consent form, with four students 

opting out of the study, for a total of 97 students grouped in 34 small groups participating 

in the study. Results from the demographic survey show that students in this study were 

primarily white (80%); one fourth of students identified as low socioeconomic status 

(SES); and one student per class had a math IEP. See Table 3.1 for participation and 

demographics by class.  
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Table 3.1 

Participation and Demographics by Class 

Demographic Class 1 Class 2 Class 3 Class 4 Total 
Class size 25 24 26 26 101 

Participated 24 22 25 26 97 
Opted out 1 2 1 0 4 

Total groups 8 8 9 9 34 
Group 2 0 2 2 1 5 
Group 3 8 6 7 8 29 

Gender      
 Male 12 9 11 10 42 
 Female 12 13 14 16 55 

Ethnicity      
White 21 19 20 20 80 
Hispanic 2 3 2 4 11 
Native American 0 0 2 2 4 
Asian 1 0 1 0 2 

Low SES  6 8 5 5 24 
Math IEP 1 1 1 1 4 

 

Materials 

This study used pregenerated mathematics Task-Sets selected from Nextlesson 

Inc. resources (see Appendix B). These Task-Sets were chosen for several reasons: (a) 

Nextlesson Task-Sets are based on real-world problems, which increased opportunities 

for discourse at all ability levels. (b) Nextlesson Task-Sets are pre-coded using Webb’s 

(1999) Depth of Knowledge (DOK) model with four levels of cognitive demand (1 = low 

cognitive demand, 2-4 = HCD). Three experts in cognitive demand double coded these 

task-sets to verify the validity of the codes before being published. (c) Nextlesson Task-

Sets are organized in four levels to present a mixture of DOK Level 1-2 tasks in Level 1, 
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then DOK Level 2-3 tasks in Level 2 and the Challenge (Level 3), and DOK Level 3-4 

tasks in the Finale (Level 4). Each level can stand alone or be combined together to 

address the same real-world problem. This allowed groups to work at their own pace, 

with Level 4 containing multiple extended problems for fast finishers. (d) Nextlesson 

Task-Sets were created for every Common Core State Standard in Mathematics (CCSS-

M), which allowed the researcher to choose two sets of tasks that related to key topics in 

Grade 5 mathematics standards.  

 The researcher chose task-sets that aligned with the following mathematics 

content: operations with fractions, operations with decimals, and volume (see Figures B.1 

and B.2 in Appendix B). Task-Set 1 and Task-Set 2 each contain four DOK Level 1 

tasks, four DOK Level 2 tasks, four DOK Level 3 tasks, and instructions to select one of 

five DOK Level 4 tasks, totaling 13 tasks in each task-set and 26 tasks across both task-

sets (see Table B.1 in Appendix B). The researcher verified Nextlesson’s previously 

coded intended DOK levels for each written and numbered task by blind coding both 

task-sets using a scale of 1 to 4, aligned with the DOK levels (e.g., DOK1 = 1) to validate 

the existing codes. The researcher’s blind coding and Nextlesson coding had 100% 

agreement for DOK levels. 

 
Data Sources 

 

 There were two main data sources in this study: students’ written work relating to 

the mathematics tasks and video and audio recordings of students’ interactions and 

discourse while engaging with the mathematics tasks.  
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Students’ Written Work 

The first data source was students’ written work. The purpose of this data source 

was to collect written evidence of students’ responses to the two task-sets when engaging 

in each discourse type. Students wrote their answers to Level 1-3 tasks directly on the 

task sheets for each Nextlesson Task-Set and used additional scratch paper to show their 

work as needed. Students wrote their outline to the Level 4 task using scratch paper or 

google documents/slides. Students’ written responses provided clear information for the 

researcher’s analysis of student-enacted DOK levels. The final scope of this data source 

can be found in Table 3.2.  

 
Table 3.2 

Scope of the Written Data Sources 

Discourse type Task sheets Scratch paper Electronic Total 
Reflective 554 224 9 787 
Exploratory 197 229 21 447 
Total 751  453  30  1,234  

Note. The numbers reported in the table reflect the number of physical pages or electronic slides. 
 
 

Video and Audio Recordings 

The second data source was video and audio recordings of students’ responses. 

The purpose of this data source was to collect physical and verbal evidence of students’ 

responses to the two task-sets when engaging in each discourse type. The researcher 

recorded student interactions and discourse using one GoPro camera per small 

mathematics discourse group, with the student wearing the GoPro sitting in the middle of 

the group, and an audio recorder set on the desk as a back-up recorder. For example, 
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Class 1 had 24 students in the class, grouped into eight groups of three, so there were 

eight GoPro Cameras and eight audio recorders used at the same time.  

There are several advantages to using videos during task enactment. Roschelle 

(2000) explains that videos of student interactions allow for observations in a more 

natural environment (classroom), facilitates connections between student actions and 

words, and allows for repeated observation. A GoPro camera is an unobtrusive 

observation tool that captures relevant video and sound of student interactions with the 

task. Pilot projects related to this study using GoPro cameras found that the audio range 

of the GoPro allowed the researcher to clearly hear members of the group while 

minimizing noise from other groups in the room. The final scope of this data source can 

be found in Table 3.3. 

 
Table 3.3 

Scope of the Verbal Data Sources 

Discourse type 
Video recordings 

(in hours) 
Audio recordings 

(in hours) 
Total 

(in hours) 
Reflective 20  40  60  
Exploratory 40  40  80  
Total 60  80  140  

 

The researcher used the video recordings and audio files for all 34 student groups 

to examine students’ verbal responses and code levels of productive discourse, as well as 

how students’ discourse may have influenced or related to students’ written answers on 

the task sheets or scratch paper.  
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Procedures and Data Collection 
 

This study took place over the course of four weeks, with all four classes 

completing two task-sets during this time (see Table 3.4). The week before engaging with 

Task-Set 1, students and their parents filled out a consent form for participation and/or 

photograph and completed a demographic survey. Students who brought back the form 

(positive or negative consent) received a small nonfood prize to encourage them to return 

the forms. Two students (Class 2) who opted out of the study worked on traditional math 

instruction with a student teacher. The remaining two students who opted out of the study 

were absent on the days that the class completed the task-sets. 

 
Table 3.4 

Timeline of the Study 

Week Group A (Class 1 & 2) Group B (Class 3 & 4) 

Week1 Collect consent and survey forms  

Week2 Task-Set 1 (13 Tasks) 
Reflective Discourse 
Individual (35 min)→Group (35 
min) 

Collect consent and survey forms 

Week3 Task-Set 2 (13 Tasks) 
Exploratory Discourse 
Group (70 min) 

Task-Set 1 (13 Tasks) 
Exploratory Discourse 
Group (70 min) 

Week4  Task-Set 2 (13 Tasks) 
Reflective Discourse 
Individual (35 min)→Group (35 min) 

 
 
As seen in Table 3.4, all four classes completed Task-Set 1 first and Task-Set 2 

second. However, the students in Group A completed Task-Set 1 using Reflective 

Discourse procedures (discussed in detail below), while the students in Group B 
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completed Task-Set 1 using Exploratory Discourse procedures (discussed in detail 

below). Based on the crossover design, Group A completed Task-Set 2 using Exploratory 

Discourse procedures while Group B completed Task-Set 2 using Reflective Discourse 

procedures. This allowed for an analysis of within- and between-group effects. Each class 

completed Task-Set 1 during one 70-minute block, and then completed Task-Set 2 during 

one 70-minute block, for a total of 140 minutes of engagement with the two task-sets. 

 
Reflective Discourse Procedures 

During Reflective Discourse procedures, the researcher provided each group with 

a numbered GoPro camera, a matching numbered digital recorder, and a matching 

numbered folder containing enough task sheets for each student to have their own copy of 

the task sheets as well as a piece of scratch paper. The group leader (wearing GoPro) 

gave each student their own Level 1 task-sheet. The researcher explained that students 

were working independently to complete the tasks and to make their best guess if they 

were unsure of an answer. The researcher encouraged students to show their work, either 

in the space provided or on scratch paper, and informed them that they would be getting 

into groups to talk through their ideas about Level 1 in 10 minutes. The researcher 

provided students with two pens (black and colored) and instructed them to use the black 

pen when working independently and the colored pen when making any changes while 

working as a group. After each student had a copy of Level 1 on their desk, the researcher 

introduced the real-world problem posed in the Task-Set to the whole class and addressed 

any questions relating to the real-world context, which included defining new terms (e.g., 

gross, net, retail) and reminding students of classroom norms for individual work, group 
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work, and care of the digital equipment (< 5 minutes). 

Students worked individually for 10 minutes to complete all of the tasks in Level 

1 of the Task-Set. At the end of 10 minutes, the researcher instructed students to “talk 

with your group about your answers and how you got your answers.” Students then 

worked with their small group for 10 minutes to discuss their results and strategies. 

Although the group leaders wore the GoPro during the entire 70 minutes, they turned the 

video recording off during individual work time and on during group work time. The 

audio recorder continued to record during both individual and group work time. After the 

group discussion, the researcher asked group leaders to distribute a Level 2 task sheet to 

each student and repeated the Level 1 procedures. After discussing the Level 2 task sheet, 

the group leader distributed Level 3-4 task sheet(s) and students worked independently 

for 15 minutes to complete all tasks in Level 3, choose one Level 4 choice, and start an 

outline for their Level 4 choice. Following this independent work time, students worked 

with their small group for 15 minutes to discuss their results and strategies. 

 The times provided for individual work time were based on pilot projects 

showing that students spent approximately 10 minutes to complete Level 1 or Level 2 

tasks and 5-10 minutes to complete Level 3 tasks or create an outline for a Level 4 task. 

Due to the high variation in student completion times for Level 3 and 4 tasks, these two 

levels were combined during reflective discourse to allow students that completed Level 

3 quickly to move on to a Level 4 task while still providing students who took longer on 

Level 3 tasks to have time to engage with a Level 4 task. The researcher provided 

students with 35 minutes for individual reflection and computation and 35 minutes for 
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group Reflective Discourse, for a total of 70 minutes. See Table 4.3 in Chapter 4 for 

average time spent verbally discussing the mathematics tasks for each task-set and 

discourse type. 

Both the teacher and researcher walked around the classroom while students 

worked on the task-sets to encourage students to stay on-task and to answer any 

questions. When asked specific questions about procedures for the tasks, the 

teacher/researcher responded by asking, “What does it ask you to do?” or directed 

students to re-read the instructions. If asked to confirm an answer, the teacher/researcher 

responded by asking, “What do you think?” if the student was working independently or 

directed them to talk to their group if working together. The teacher/researcher answered 

any organizational questions (e.g., materials they could use, which tasks to complete, 

time, bathroom, camera issues, etc.). The researcher collected all task sheets and scratch 

paper at the end of each class session, and then scanned and uploaded the digital copies to 

a secure electronic folder by the end of each day. Groups that used an electronic device to 

record their Level 4 responses using a google doc or google slide shared their electronic 

responses with the researcher using google drive. The researcher downloaded all GoPro 

video data, audio recordings, and electronic responses to a secure electronic folder by the 

end of each day.  

 
Exploratory Discourse Procedures  

During Exploratory Discourse procedures, the researcher provided each group 

with a numbered GoPro camera, a matching numbered digital recorder, and a matching 

numbered folder containing one copy of the task-set (stapled together) and three pieces of 
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scratch paper. The researcher also provided different colored pens for each student in a 

group to differentiate between work completed by different students on the task-set and 

scratch paper. 

The researcher explained that students were working in groups to complete the 

tasks in the Task-Set and asked the group leader (wearing the GoPro) to share the task-set 

with their group. After each group had a copy of the task-set, where everyone in the 

group could see it, the researcher introduced the real-world problem posed in the Task-

Set to the whole class and addressed any questions relating to the real-world context, 

which included defining new terms (e.g., gross, net, retail) and reminding students of 

classroom norms for group work and care of the digital equipment (< 5 minutes). 

Students worked as a group and engaged in Exploratory Discourse for 70 minutes 

to complete all tasks in the Task-Set. The group leader turned on the GoPro video and the 

researcher turned on the audio recorders, both of which remained on during the entire 70 

minutes. See Table 4.3 in Chapter 4 for average time spent verbally discussing the 

mathematics tasks for each task-set and discourse type.  

The teacher and researcher consistently implemented the Reflective Discourse 

procedures. The researcher collected all task sheets and scratch paper at the end of each 

session, and then scanned and uploaded the digital copies to a secure electronic folder by 

the end of each day. Groups that used an electronic device to record their Level 4 

responses using a google doc or google slide shared their electronic responses with the 

researcher using google drive. The researcher downloaded all GoPro video data, audio 

recordings, and electronic responses to a secure electronic folder by the end of each day.  
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Data Analysis 
 

The researcher conducted the data analysis in three distinct phases. Figure 3.1 

provides an overview of the relationships between data sources and phases of the 

analysis. The phases of the analysis are explained in the following sections. As seen in 

Figure 3.1, data were magnitude coded in Phase 1 to assist in quantitative analyses related 

to each research sub question in Phase 2, and then revisited to provide explanatory 

insights regarding quantitative results in Phase 3 to explain and explore quantitative 

results and answer the overarching research question. 

 

 
Figure 3.1. Relationships between data sources and phases of analysis. 
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Phase 1: Qualitative Magnitude Coding  
of Video and Written Work 

The researcher paid two undergraduate researchers to transcribe 50% of the 

video/audio data (30 of 60 hours) to assist in timely completion of the data analysis. The 

researcher verified 10% of the paid transcriptions and transcribed the remaining 

video/audio data. The researcher used Microsoft Excel to organize video/audio 

transcriptions. The researcher used qualitative magnitude coding (Saldaña, 2015) to 

identify and “quantitize” (Saldaña, 2015, p. 86) the enacted levels of cognitive demand in 

students’ verbal and written responses to the mathematics tasks. The researcher used 

Microsoft Excel to organize coded data electronically. 

Written cognitive demand levels. The researcher coded all written task 

responses using Webb’s (1999) Depth of Knowledge (DOK) coding scale (see Appendix 

C, Figure C.1 and Table C.1), relating to the four DOK levels (e.g., DOK1=1). Responses 

showing a recall of short facts or use of standard computational procedures were coded as 

“1.” Responses showing an application of skills or concepts such as comparisons, 

meaningful algorithms (Brownell, 1945), or estimations were coded as “2.” Reponses that 

explained solution steps were also coded as “2.” Responses that justified a hypothesis or 

solution by citing evidence were coded as “3.” Responses showing revision processes 

were also be coded as “3.” Responses that synthesized or cited multiple contexts or 

sources of information to analyze, prove, or design a solution were coded as “4.” Figure 

C.2 provides a sample of one completed task-set and the associate Written CD codes. The 

researcher used Written CD codes during Phase 2 quantitative analyses for RQ1 (Figure 

3.1).  
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Verbal cognitive demand levels and quality of mathematics discourse. Next, 

the researcher magnitude coded videos of students’ verbal responses relating to the 

mathematics tasks for DOK levels as well as quality of the mathematics discourse using 

the Mathematical Discourse Contributions Coding Rubric (Table 3.5). The grain size for 

codable student responses was determined using Stein et al.’s (1996) definition of a 

mathematical task. Using this definition, all sequential verbal responses relating to the 

same conceptual or procedural aspect of the task were coded as a single response. Any 

foci change within sequential responses by the same student was coded as a new 

response. Student verbal responses following another student’s response was coded as a 

new response, regardless of the response’s relation to previous responses by this student 

or other students.  

 
Table 3.5 

Mathematical Discourse Contributions Coding Rubric 

Code Category Sub code descriptions 

0 None 0a Student did not talk during the mathematical task 
0b Responses were off-topic 
0c Responses organized actions or responsibilities related to problem 

1 Minimal 
DOK 1 

1a Perform routine calculations  
1b Recall facts or state answer 
1c Identify problem or component of problem 
1d Reiterate prior ideas, solutions, or indicate agreement 

2 Considerable 
DOK 2 

2a Share new solution strategy (similar efficiency/sophistication) 
2b Share more efficient or accurate solution strategy 
2c Share more sophisticated solution strategy 

3 Substantive 
DOK 3 

3a Generalizations regarding solutions or problems 
3b Justification of a solution’s accuracy or efficiency 
3c Counterargument against a solution’s accuracy or efficiency 

4 Extended 
DOK 4 

4a Connect or apply solutions to multiple disciplines or contexts 
4b Design a new mathematical model to inform the solution strategy 
4c Analyze or synthesize information from multiple sources 



45 
 

The researcher adapted the framework in Table 3.5 from three research design 

and discussion coding frameworks that evaluated teacher-led discourse in a whole class 

setting (Bishop et al., 2016; Cobb & Yackel, 1996; Durfee, 2018), to address student-led 

problem-solving discourse and associated levels of enacted cognitive demand for 

different comment types. In Table 3.5, responses in the “none” category do not directly 

relate to solving the mathematics tasks. This code indicates that either the student did not 

participate, their responses were distractors from the mathematics, or their responses 

organized student actions (Bishop et al., 2016). In the remaining categories, student 

responses facilitate problem solving and extend mathematical understanding by 

introducing, justifying, or applying possible solutions that increase either efficiency or 

accuracy (Cobb & Yackel, 1996; Durfee, 2018). This rubric was tested by the researcher 

in a pilot project. 

Responses in the “minimal” category relate to recalled facts, ideas, or 

mathematical procedures (Bishop et al., 2016) each of which requires low levels of 

cognitive demand to complete (Webb, 1999). As such, this category is associated with 

DOK Level 1. Responses in the “considerable” category illustrate children’s attempts to 

apply and share prior learning to new situations, which is associated with DOK Level 2 

tasks (Webb, 1999). Responses in the “substantive” category relate to DOK Level 3 as 

students are “providing justifications, making generalizations, or participating in 

mathematical argumentation” (Durfee, 2018, p. 19; Webb, 1999). Responses in the 

“extended” category go beyond the context of the current task to bridge or connect ideas 

across multiple disciplines, contexts, or sources, which is associated with DOK Level 4 
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tasks (Webb, 1999). These categories and sub-codes provided insight into enacted levels 

of cognitive demand as students worked through the mathematical tasks. 

Verbal cognitive demand levels. To quantitize verbal cognitive demand levels of 

student responses, the researcher used a 0 to 4 score, with numbers matching the 

associated DOK levels. The researcher coded videos for DOK levels by determining 

which category code best represented each student’s response. For example, off-topic 

responses were coded as “0” as they did not relate to any mathematics. A response 

relating to recall of memorized facts or procedures was coded as “1.” A response 

reflecting an application of skills or concepts was coded as “2.” A response reflecting 

strategic, relational thinking was coded as “3.” A response reflecting extended thinking 

beyond the current context was coded as “4.” Specific examples for each category code 

are listed in Table 3.5.  

The researcher coded each discussion relating to specific tasks for the highest 

verbal cognitive demand level. For example, a group discussion relating to Task 1 in 

Task-Set 1 that included coded responses ranging from 0-3 had a highest verbal cognitive 

demand level of 3. The researcher used codes for highest verbal cognitive demand levels 

during Phase 2 quantitative analyses relating to RQ2 (Figure 3.1).  

Mathematical discourse contributions. General categories of mathematical 

discourse contributions align with coding for the five verbal levels of cognitive demand 

(None = 0; Minimal = 1, Considerable = 2, Substantive = 3, Extended = 4). In addition to 

general codes for productive discourse, the researcher coded for specific types of 

discourse contributions using categorical sub-codes (a-d) within each overall code (see 
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Table 3.5). The researcher coded videos to determine the specific type of productivity for 

each codable student response. For example, a response sharing the first strategy or 

similar strategy to previously shared strategies were coded as 2a, a more efficient strategy 

was coded as 2b, and a more sophisticated strategy was coded as 2c. The number “2” 

relates to the general category “considerable” with the letters relating to the specific types 

of responses within that category. Appendix Table C.2 provides a sample of one group’s 

Reflective Discourse and the associate Verbal CD codes and Discourse Contribution 

categorical sub-codes. The researcher used codes and sub-codes for categories of 

discourse contributions during Phase 2 quantitative analyses relating to RQ3 (Figure 3.1). 

Reliability of magnitude coding levels. Twelve percent of the written task sheets 

and video data were double coded to ensure reliability of coding (Creswell & Plano 

Clark, 2011). Double coders were two doctoral students at the same university as the 

researcher, and were trained by the researcher for approximately 45 minutes using 

excerpts from Webb’s (2005) publicly available DOK level coding training materials 

(http://wat/wceruw.org/index.aspx; Appendix C, Figure C.1), a Written CD sample 

evidence coding table (Appendix C, Table C.1), and the Mathematical Discourse 

Contributions Coding Rubric (Table 3.5). See Appendix C, Table C.3 for detailed double 

coder procedures.  

The researcher used Krippendorff’s alpha test (Hayes & Krippendorff, 2007; 

Krippendorff, 2013) to estimate inter-coder reliability using the KALPHA SPSS syntax. 

This quantitative analysis was appropriate for several reasons. First, it can control for any 

number of raters, which was appropriate for this study as it utilized 3 coders. Second, it 
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can be used with all data types, which was appropriate as cognitive demand codes are 

both ordinal and categorical. Third, it used 10,000 bootstrapping samples to identify the 

distribution rather than assume an approximation. Results show a relatively high inter-

coder reliability for written (α = 0.8381) as well as verbal (α = 0.9212) cognitive demand. 

 
Phase 2: Quantitative Analyses 

 The researcher used results from Phase 1 analyses in Phase 2 quantitative analyses 

related to frequencies of codes, graphical analyses of these frequencies, chi square tests 

of independence, and difference in proportions tests of associations (Figure 3.1). Phase 2 

analyses are organized by research question and are detailed in the following sections. 

 Research Question 1 analysis. Research Question 1 compared written and 

intended levels of cognitive demand within and between groups. To answer this question, 

the researcher created tables that compare the intended cognitive demand levels for tasks 

in each Task-Set (DOK 1-4) and percentages of the written levels of cognitive demand 

(CD 1-4) for all tasks at the same DOK level. Rows and columns within the table 

matrices were serialized by level of cognitive demand to order results (Wilkinson & 

Friendly, 2009; see Figure 3.2). 

As shown in Figure 3.2, these tables provide a measure of student-enacted levels 

of cognitive demand on, above, or below the intended DOK of the tasks. One table was 

created for each of the four unique groupings within the crossover design (i.e., Group A 

Reflective Discourse with Task-Set 1, Group B Reflective Discourse with Task-Set 2, 

Group A Exploratory Discourse with Task-Set 2, Group B Exploratory Discourse with 

Task-Set 1) to facilitate within- and across-group analyses (i.e., within and across  
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Figure 3.2. Percentage table comparing Intended DOK and Written CD. 

 
discourse types; within and across Task-Sets).  

The researcher ran difference in proportions tests of association to test statistical 

differences between written and intended levels of cognitive demand for each of the four 

unique 4x5 grids (i.e., Figure 3.2) within the crossover design using Jamovi Software (see 

Appendix D, Tables D.1-D.4). The difference in proportions tests were based upon the 

null hypothesis that there is no relationship between intended and enacted levels of 

cognitive demand. The categorical nature of cognitive demand (e.g., the difference 

between level 1 and 2 cannot be assumed to be the same as the difference between level 3 

and 4), as well as the restrictions of the data set (e.g., DOK Level 1 tasks cannot be 

enacted at a lower level), prohibited the use of parametric and non-parametric tests, such 

as an ANOVA or a Mann-Whitney U test. A difference in proportions tests is appropriate 

as it is designed to test differences in categorical data, such as the different levels of 

cognitive demand in the data set for this study, as well as 5x4 grids containing 
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frequencies less than 5. These results provided a probability of within-group associations 

for written and intended levels of cognitive demand occurring due to chance. 

Graphical representations in the form of color heat maps overlaying the frequency 

tables using conditional formatting assisted in these analyses. Color heat maps 

differentiating quantitative results using hue and tint can reveal structural and hierarchical 

patterns to assist in quantitative comparisons (Kelleher & Wagener, 2011; Wilkinson & 

Friendly, 2009). A divergent color scheme is used to contrast student-enacted levels of 

cognitive demand on (yellow), above (blue), and below (red) intended DOK levels 

(Kelleher & Wagener, 2011). A neutral gray depicts incomplete tasks (see Figure 3.3). 

 

  
Figure 3.3. Sample heat map color scheme. 

 
Tint saturation is used to represent percentage values within each cell, relative to 

each row (same intended DOK level). Light tints represented low values and dark tints 

represented high values (Kelleher & Wagener, 2011; see Figure 3.4).  



51 
 

 
Figure 3.4. Tint saturation values. 

 
The researcher conducted Chi-square Tests of Independence to compare the 

Written CD for each discourse type (i.e., Reflective & Exploratory). Written CD was 

dichotomously coded as either ‘less than’ the intended DOK or ‘greater than/equal to’ the 

intended DOK. Chi-square Tests of Independence were appropriate as each value in the 

4x4 Chi-square grids was expected to be 5 or greater (Cohen, 2013) and the categorical 

nature of Written CD prohibited the use of parametric and non-parametric tests such as an 

ANOVA or Mann-Whitney U test. While the heat maps provide a visual representation of 

all of the data in the study related to Written CD, the results from the Chi-square Test of 

Independence was used to provide a focused between-discourse comparison between the 

Written CD that was greater than or equal to the intended DOK levels and the Written 

CD that was less than the intended DOK levels. 

The researcher organized additional comparisons of frequencies of written levels 

of cognitive demand into a table using four different units of analysis: (a) overall 

composite score, (b) all tasks related to the same Task-Set (1 or 2), (c) all tasks of the 

same intended DOK level, and (d) individual tasks. Results for each unit of analysis were 

separated by type of discourse (reflective and exploratory) and also combined for an 

overall composite score of both types of discourse (see Appendix D, Table D.6). These 
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results provided a measure of variation across tasks and types of discourse. 

Research Question 2 analysis. Research Question 2 compared verbal and 

intended levels of cognitive demand within and between groups. To answer this question, 

the researcher created tables that compare the intended cognitive demand levels for tasks 

in each Task-Set (DOK 1-4) and percentages of the highest verbal level of cognitive 

demand for all tasks at the same DOK level (similar to Figure 3.2).  

The researcher created one table for each of the four unique groupings within the 

crossover design (i.e., Group A Reflective Discourse with Task-Set 1, Group B 

Reflective Discourse with Task-Set 2, Group A Exploratory Discourse with Task-Set 2, 

Group B Exploratory Discourse with Task-Set 1) to facilitate within- and between-group 

analyses (i.e., within and across discourse types; within and across Task-Sets). The 

researcher created color heat maps using the same procedures outlined for Written CD 

(similar to Figure 3.3).  

The researcher conducted difference in proportions tests of association for each 

4x5 grid of intended DOK and verbal CD frequencies for each of the four unique 

groupings, using the same procedures outlined for Written CD (see Appendix E, Tables 

E.1-E.4). These results provided a probability of within-group (i.e., within each of the 

four 4x5 grids) associations for verbal and intended levels of cognitive demand.  

The researcher conducted chi-square tests of independence to compare the Verbal 

CD for each discourse type (i.e., Reflective & Exploratory) using the same procedures 

outlined for Written CD. These results provided a between-group (i.e., between discourse 

types) comparison of Verbal CD. 
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The researcher organized additional comparisons of frequencies of highest verbal 

levels of cognitive demand into a table using four different units of analysis, similar to 

the Written CD table (see Appendix E, Table E.6). These results provided a measure of 

variation of Verbal CD across tasks and types of discourse. 

 Research Question 3 analysis. Research Question 3 focused on differences in 

quantity and quality of mathematical discourse contributions between Reflective and 

Exploratory Discourse. Only mathematical discourse contributions in the ‘none’ category 

coded as sub-code 0c (i.e., responses organized actions or responsibilities) related directly 

to the mathematics tasks. As such, categorical codes for sub-code 0c are referred to as 

‘Organizational’ to distinguish these types of discourse contributions from other 

discourse contributions in the ‘none’ category that did not directly relate to the 

mathematics tasks.  

Quantity of mathematical discourse contributions. The researcher created a 

frequency table comparing the difference in average time spent verbally discussing the 

mathematics tasks (i.e., sub-codes 0c-4c) for each discourse type (i.e., reflective and 

exploratory), organized by a) whether groups were on-task the entire time (i.e., discussing 

the tasks or working silently to solve problems or write answers the entire 70 minutes) or 

off-task at least once during the task-set (i.e., talking about other topics beyond the scope 

of the task-set, such as their love life); b) task-set (i.e., Task-Set 1 and Task-Set 2); and c) 

overall average time spent verbally discussing the mathematics tasks. These results 

provided a measure of differences in quantity of time engaged in mathematical discourse 

for each discourse type. 
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 The researcher calculated overall percentages of mathematical discourse 

contributions (i.e., codes 0c-4c) for the four intended DOK levels (i.e., DOK1-4) and 

each discourse type (i.e., reflective & exploratory). These results provided a measure of 

quantity of discussion spent on low cognitive demand tasks (DOK1) and each of the three 

levels of HCD tasks (DOK2-4) for each discourse type. 

Quality of mathematical discourse contributions. The researcher conducted chi-

square tests of independence to compare the categories of mathematical discourse 

contributions for each discourse type (i.e., Reflective and Exploratory). The researcher 

dichotomously coded mathematical discourse contributions as either ‘organizational to 

minimal’ or ‘considerable to extended’ Chi-square Tests of Independence were 

appropriate as each value in the 4x4 Chi-square grids was 5 or greater (Cohen, 2013) and 

the categorical nature of the mathematical discourse contributions prohibited the use of 

parametric and non-parametric tests such as an ANOVA or Mann-Whitney U test. These 

results provided a general between-group comparison of quality of mathematical 

discourse contributions for each discourse type. 

The researcher calculated overall percentages of mathematical discourse 

contributions in five different categories (i.e., Organizational, Minimal, Considerable, 

Substantive, Extended) for each discourse type and presented the results in a bar graph. 

This bar graph provided a more specific visual between-group comparison of quality of 

mathematical discourse contributions for each discourse type. 

The researcher organized comparisons of frequencies of mathematical discourse 

contributions into a table for each discourse type (reflective and exploratory) using four 
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different units of analysis: (a) overall composite score, (b) all tasks related to the same 

Task-Set (1 or 2), (c) all tasks of the same intended DOK level, and (d) individual tasks 

(see Appendix F, Table F.1). These results provided a measure of variation of 

mathematical discourse contribution categories across tasks and types of discourse. 

The researcher organized additional comparisons of frequencies of mathematical 

discourse contribution sub-codes for tasks at each intended DOK level (DOK1-4) into a 

table by discourse type (reflective and exploratory; see Appendix F, Table F.2). These 

results provided a measure of variation of quality of mathematical discourse contribution 

sub-codes across tasks of different intended DOK levels and types of discourse. 

 
Phase 3 Qualitative Analysis 

In Phase 3, the researcher revisited students’ written and verbal responses using 

qualitative pattern, thematic and structured coding (Saldaña, 2015) to explain and explore 

quantitative results.  

Explanatory pattern coding. The researcher used qualitative pattern coding to 

help explain the quantitative results. First, the researcher revisited students’ written or 

verbal responses relating to unexpected high or low percentages and frequencies within 

written and verbal tables and heat maps to identify patterns that might explain these 

unexpected values. Next, the researcher revisited students’ written and verbal responses 

relating to unexpected differences between written and verbal quantitative results to 

identify patterns that might help explain these differences. Finally, the researcher 

revisited students’ mathematical discourse contribution sub-codes relating to each 

discourse type (reflective and exploratory) to identify patterns that might help explain 
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why each discourse type was higher in alternating general categories. 

Exploratory thematic and structured coding. The researcher identified three 

student groups with high percentages of substantive and extended mathematics discourse 

contributions as well as three groups with low percentages of substantive and extended 

mathematics discourse. Using thematic coding, the researcher explored similarities and 

differences within- and between- each set of groups (high and low) to identify themes 

relating to the quality of mathematics discourse. Group organizational practices emerged 

as one theme that may have influenced the quality of mathematics discourse.  

Further exploration of organizational practices within task-sets completed using 

Reflective Discourse procedures identified order of reflection as a possible influence on 

quality for this type of discourse. Three categories for the order in which students 

reflected on the task were originally identified: (a) chronological order, (b) reverse 

chronological order, and (c) prioritized order in which students jumped around to 

different questions they struggled with during independent work time. However, the 

researcher removed reverse chronological order as students who started by talking about 

the last task they worked on either jumped to the first task and completed the rest of the 

tasks in chronological order and revisiting the last task or proceeded to address the 

remaining tasks in a prioritized order.  

Further exploration of organization practices within task-sets completed using 

Exploratory Discourse procedures identified the division of workload as a possible 

influence on quality for this type of discourse. Five categories for the division of 

workload were originally identified: (a) working together to solve a single task, (b) 
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working side-by-side to individually solve the same task at the same time, (c) splitting up 

similar tasks so each student was working on a different task at the same time, (d) 

alternating which student completed similar tasks so that only one person was working on 

a task at a time, and (e) one student took over a portion of the task-set to complete a task 

or set of tasks without input from the rest of the group.  

The researcher refined these categories for tasks originally coded in the fourth 

category (alternating tasks). Tasks in which students collaboratively defined a strategy to 

solve a set of similar tasks and then alternated which student completed the calculation or 

wrote an answer while other students watched silently to check their work were grouped 

with the third category (splitting up similar tasks) as groups in this category also 

collaboratively defined their strategy before splitting up the tasks. Tasks in which 

students alternated which student was completing the task and the students who were not 

actively solving the task were engaged in off-task behaviors or discussions were grouped 

with the fifth category (take-over) as groups in this category also worked completely 

independent of other members of their group. 

 Following the identification and refinement of organizational practices, the 

researcher structurally coded all tasks for the primary organizational practice used to 

complete the task. The researcher coded by task as most groups employed different 

organizational practices for different tasks within a single task-set. Usually, groups 

completed a single task using only one organizational practice. However, occasionally a 

group would start a task using one organizational practice, engage in off-tasks behaviors 

or discussions, and then return to the task using a different organization practice. In these 
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rare cases, the researcher coded the organizational practice with the most mathematical 

discourse contributions as the primary organizational practice used for that task. 

 The researcher created a frequency table comparing the numbers of tasks at each 

DOK level using each of the six organizational practices. These results provided a 

numerical comparison of the quantity of tasks completed using each type of 

organizational practice. 

The researcher created percentage tables comparing intended DOK levels and 

mathematical discourse contributions for each of the six organizational practices (see 

Appendix F, Tables F.3-F1.4). The researcher compiled results from each of these tables 

within two heat maps (verbal CD and written CD) to better visualize the similarities and 

differences in student-enacted levels of CD based on intended DOK level and 

organizational practice. Contrasting colors indicate the primary enacted discourse 

category (i.e., red = minimal, yellow = considerable, blue = substantive, and green = 

extended) within each organizational practice and intended DOK level. The size of the 

circle indicates the percentage of discourse for the displayed primary enacted discourse 

category. For example, the highest quality of mathematical discourse contributions for 

the 59 DOK3 tasks discussed using Reflective Discourse and a chronological order 

organizational practice was minimal for 30.51% of the tasks, considerable for 6.78% of 

the tasks, substantive for 45.76% of the tasks, and extended for 16.95% of the tasks. The 

primary enacted discourse category DOK3 tasks using this organizational practice (i.e., 

highest percent) was substantive at 45.76%, which is indicated in the heat map by the 

color blue. The percentage of substantive discourse is indicated by a diameter that is 



59 
 
45.76% (.4 in) of a full-sized circle (.88 in) and the numerical representation of this 

percentage rounded to the nearest whole located in the center of the circle. These results 

provide visual comparisons of the relationship between the two discourse types and 

student-enacted CD across all four DOK levels to answer the overarching researching 

question. 
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CHAPTER 4 

RESULTS 

 
 The results in this chapter are organized by the research questions in this study. 

Quantitative results for each of the three major research questions are presented first with 

explanatory qualitative data embedded throughout to help contextualize quantitative 

findings. Exploratory qualitative results relating to the overarching research question are 

presented at the end of the chapter.  

 
Research Question 1: Written CD vs Intended DOK 

 

Research Question 1 (RQ1) compared differences in student-enacted levels of 

cognitive demand (CD) based on students’ written responses and the intended DOK 

levels of the mathematical tasks within and between groups. The quantitative results 

relating to students’ written responses to the tasks show that students enacted 63-88% of 

the tasks at or above the intended DOK levels (Appendix D, Tables D.1-D.4). Results 

from the difference in proportions χ2 test of associations show significant p values (see 

Appendix D, Table D.5), indicating that the enacted levels of CD for written tasks within 

each of the four unique groups within the crossover design (i.e., Group A Reflective 

Discourse with Task-Set 1, Group B Reflective Discourse with Task-Set 2, Group A 

Exploratory Discourse with Task-Set 2, Group B Exploratory Discourse with Task-Set 1) 

were not likely due to chance.  

The heat maps in Figure 4.1 illustrate three different comparisons of intended and 

written evidence of student-enacted levels of CD for tasks at each DOK level. First,  
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Figure 4.1. Heat maps of Intended DOK vs Written CD for each crossover group. 

 
Figure 4.1 shows a comparison between reflective (left) and exploratory (right) discourse 

types. Numbers within the cells indicate the percentage of tasks at each written CD level 

relative to the total number of tasks at the same DOK level (same row). Next, Figure 4.1 

shows a comparison between Task-Set 1 – Harry (top) and Task-Set 2 – Diary (bottom). 

Finally, Figure 4.1 shows a comparison of tasks at each DOK level that were incomplete 

during the study between each of the four groups. Zero indicates the percentage of tasks 

at each DOK level that were incomplete. 

As seen in Figure 4.1, overall, most of the tasks were coded at (Yellow) or above 

(Blue) the intended DOK, regardless of the discourse type or task-set. Reflective 

Discourse (left side) had a higher percentage of tasks with written CD at or above the 
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intended DOK than Exploratory Discourse (right side). Additionally, Task-Set 1-Harry 

(top row) had a higher percentage of tasks with written CD coded at or above the 

intended DOK, particularly for DOK2 Tasks, than Task-Set 2-Diary (bottom row). 

Finally, more tasks were incomplete for Task-Set 1 when students engaged in Reflective 

Discourse and more tasks were incomplete for Task-Set 2 when students engaged in 

Exploratory Discourse. Quantitative and qualitative findings relating to these three 

relationships are elaborated below.  

 
Comparison of Written CD by Discourse Type  

 The first comparison of intended DOK and written CD showed that Reflective 

Discourse had a higher percentage of tasks with written CD at or above the intended 

DOK than Exploratory Discourse. Results from the chi-square test of independence, 

comparing written CD of tasks completed using Reflective and Exploratory Discourse, 

support these findings (Table 4.1). 

Table 4.1 shows that 368 of the 442 (83%) tasks completed using Reflective 

Discourse had written CD at or above the intended DOK levels and only 74 tasks (17%) 

 
Table 4.1  

Chi-Square Test of Independence for Written CD by Discourse Type 
 

 Written outcome 
─────────────────────────────── 

 

 CD < DOK 
───────────── 

CD > DOK 
───────────── 

 

Discourse type Count % Count % Total 
Reflective 74 16.7 368 83.3 442 
Exploratory 140 32.6 289 67.4 429 
Total 214  24.6 357 75.4 871 

Note. χ2 = 29.667, p < .001. 
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were below the intended DOK level. In contrast, 140 of the 429 (33%) tasks completed 

using Exploratory Discourse resulted in students’ written responses being below the 

intended DOK level, and only 289 tasks (67%) resulted in students’ written responses 

being at or above the intended DOK level (see Appendix Table D.7 for breakdown by 

Task-Set). This result may indicate that Reflective Discourse may have prompted 

students’ written work to be at higher DOK levels. 

Qualitative findings comparing students’ written responses for DOK1-3 tasks, 

when those responses were consistently above or below the intended DOK levels, show 

that during Reflective Discourse, students were more likely to go back and revise or 

justify their previous answers. Figure 4.2 shows examples of student work from four 

different groups (for DOK1 task H4 and DOK3 task D3c) for both Reflective and 

Exploratory Discourse. In these examples, the written work from students after engaging 

in Reflective Discourse is on the left and written work from students after engaging in 

Exploratory Discourse is on the right. During Reflective Discourse, students used a black 

pen for their independent work and a colored pen for any revisions made during group 

work; during Exploratory Discourse, each student used a different colored pen. 

On the left side of Figure 4.2, shows one student’s original written response for 

Task H4 while the student was working independently (as noted by black pen). In this 

example, the student’s response consisted of five black ‘X’s below the number line. This 

response is similar to the final written group response by a group engaged in Exploratory 

Discourse on the right side of Figure 4.2, which is CD1 level as it shows no work beyond 

the answer. However, during the Reflective Discourse, the student on the left for H4  
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Figure 4.2. Samples of student work comparing reflective and exploratory responses.  

 
changed her response (as noted by the green pen; the blue pen shows changes related to 

task H8) that justified the placement of each X by labeling them with the names of each 

source. These changes increased the student’s original written CD level from CD1 to 

CD3. This same pattern is also apparent for a different students’ responses to Task D3c 

(Figure 4.2, bottom row). The changes during Reflective Discourse (noted by green pen) 

increased the original written CD for one student to provide an explanation for why both 

answers were the same. On the right side, there are no visible revisions to the final 

response for either group, which was common in the written work for groups who 

engaged in Exploratory Discourse. This will be discussed further in the next section 

relating to verbal CD results. 

 
Comparison of Written CD by Task-Set 

The second comparison of intended DOK and written CD showed that Task-Set 1 
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had a higher percentage of students’ written CD coded at or above the intended DOK, 

particularly for DOK 2 Tasks, than Task-Set 2. Although this could be due to order 

effects of completing a second task-set one week after the first, qualitative results seem to 

indicate that this is more likely due to the theme of each task-set or the organization of 

the DOK2 tasks in each set. 

The theme for Task-Set 1 revolved around the Harry Potter series, while the 

theme for Task-Set 2 revolved around the Diary of a Wimpy Kid series. Although all 

students in this study seemed familiar with the basic premises of these two series, many 

students may have had more personal experience with the Harry Potter series than the 

Diary of the Wimpy Kid series. For example, three times as many groups had students 

verbally share that they had seen or watched the Harry Potter series than the Diary of a 

Wimpy Kid series. Additionally, students who mentioned their experiences with the 

Harry Potter series were more likely to note their expertise with the series (e.g., “I can 

provide information because I have read and watched;” “He’s read the book series like 8 

times.”). In contrast, students who mentioned their experiences with the Diary of a 

Wimpy Kid series were more likely to note their lack of expertise with the series (e.g., 

“I’ve read ‘em, but I don’t remember the summary;” “I’ve only seen the first movie so 

it’s probably not the same.”). The increased personal experience with the theme for Task-

Set 1 may have increased motivation towards the task-set or provided students with 

additional schema, either of which could have increased engagement with the tasks at a 

higher level of CD. 

 A closer look at the DOK 2 tasks shows that two tasks from Task-Set 1 and two 
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tasks from Task-Set 2 had very little variation in enacted levels of cognitive demand and 

may also help explain differences in written CD between the two task-sets. The written 

work for tasks H5 and H7 (Task-Set 1) were enacted at CD3 for almost every student 

group, whereas tasks D4 and D8 (Task-Set 2) were enacted at CD2 for almost every 

student group (see Appendix D.5). Figure 4.3 provides samples of student work, from 

four different groups of students, for these four tasks. The sample for Task H5 is from a 

group who engaged in Reflective Discourse; the samples for Tasks H7, D4, and D8 are 

from groups who engaged in Exploratory Discourse. All four DOK2 tasks in Figure 4.3 

are comparative tasks that ask students to explain their response. 

Figure 4.3 shows several justifications in students’ responses for the H5 and H7 

 
Task-Set 1 DOK2 Tasks H5 and H7

 
Task-Set 2 DOK 2 Tasks D4 and D8

 
Figure 4.3. Samples of student work for four DOK2 tasks. 
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tasks. For example, when one group wrote, “...because they are the same,” for task H7b, 

they justified their response that there was no difference between the average Goodreads 

rating and the average Amazon rating. Most students, regardless of discourse type, 

justified their answers for H5a and H7a and justified or explained their responses for H5b 

and H7b, similar to the responses for these tasks in Figure 4.3. One possible explanation 

is that these tasks in Task-Set 1 required students to compare information contained 

within a single source (Line Plot, Figure 4.2) and a justification may have been an easy 

way to explain how they found their answer. 

 Figure 4.3 shows examples of general comparisons in students’ responses for the 

D4 and D8 tasks. For example, when one group wrote, “It would increase the total 

volume,” for task D4, they made a general comparison that adding the teacher’s guide 

would increase the total volume of the box set. In contrast to the single source for both 

DOK2 task comparisons from Task-Set 1, both DOK2 tasks from Task-Set 2 required 

students to make comparisons between information from multiple tasks. For example, 

task D8 requires students to make comparisons between their responses to tasks D6 and 

D7. This may have prompted students to make general comparisons or statements similar 

to those in Figure 4.2, D4 and D8, regardless of discourse type. 

 
Comparison of Incomplete Tasks by Group 

The final comparison of intended DOK and written CD showed that more tasks 

were left incomplete for Task-Set 1 when students engaged in Reflective Discourse and 

more tasks were left incomplete for Task-Set 2 when students engaged in Exploratory 

Discourse. This may be due in part to class effects, as the two classes that completed 
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Task-Set 1, engaging in Reflective Discourse, are the same two classes that completed 

Task-Set 2 engaging in Exploratory Discourse. 

Timing may have also played a role in the percentage of tasks that were 

incomplete during the study. For example, two groups engaged in Exploratory Discourse 

spent a lot of time on Task-Set 2 calculations for Level 1 questions due to a 

misconception (e.g., calculated 442 x 442 x 442 instead of 4200 + 442). This meant that 

they only completed tasks D1-D8 before they were out of time, with one group jumping 

from D8 to DF during the last 5 minutes (e.g., “We’re almost out of time. This one is 

funner so let’s jump to this.”). This accounts for the high incompletion percentage for 

Task-Set 2 DOK3 and DOK4 tasks. The other incomplete tasks during Exploratory 

Discourse for Task-Set 1 stemmed from a group skipping questions (i.e., “We can’t 

agree, so let’s just move on.”; “I don’t know, let’s skip to the next one and then come 

back.”). Three groups accounted for the incomplete percentages for exploratory work. In 

contrast, the structured timing allotted for the Reflective Discourse (i.e., 10 min 

individual and 10 min group for Level 1 and 2 tasks, respectively; 15 min individual and 

15 min group for combined Level 3 and 4 tasks) required students to move to the next 

level after a set period of time. This made it less likely that students would run out of 

time before reaching the later tasks in the set. However, it did make it more likely that 

students would run out of time before the last task in each level. This occurred once for 

students in nine different groups across seven different tasks and both task-sets, 

indicating that it was not the same groups nor the same tasks that accounted for the 

incomplete percentages during Reflective Discourse. 
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In summary, a majority of students’ written responses were coded as HCD (CD2-

CD4) while engaging in both Reflective and Exploratory Discourse. However, it is 

important to note that more of students’ written responses were coded at or above the 

intended DOK level when students engaged in Reflective Discourse than when they 

engaged in Exploratory Discourse. One possible interpretation for this result may be the 

increased number of written revisions that students made during their participation in 

Reflective Discourse.  

 
Research Question 2: Intended DOK vs. Verbal CD 

 

Research Question 2 (RQ2) compared differences in student-enacted levels of 

cognitive demand (CD) based on students’ verbal responses and the intended Depth of 

Knowledge (DOK) levels of the mathematical tasks within and between groups. The 

quantitative results relating to students’ verbal responses show that 54-81% of tasks were 

enacted at or above the intended DOK levels. Specifically, students enacted 54-62% of 

reflective tasks and 63-81% of exploratory tasks at or above the intended DOK level, 

based on their verbalizations of the tasks (see Appendix E, Tables E.1-E.4). Results from 

the difference in proportions χ2 test of associations for each group show significant p-

values (see Appendix Table E.5), indicating that students enacted verbal CD levels within 

each of the four groups within the crossover design were not likely due to chance. 

The heat maps in Figure 4.4 illustrate three different comparisons of intended and 

verbal evidence of student-enacted levels of CD for tasks at each DOK level, similar to 

Figure 4.1: (a) a comparison between reflective (left) and exploratory (right) discourse  
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Figure 4.4. Heat maps of intended DOK vs verbal CD for each crossover grouping. 

 

types; (b) a comparison between Task-Set 1 – Harry (top) and Task-Set 2 – Diary 

(bottom); and (c) a comparison of tasks at each DOK level that were not discussed during 

the study between each of the four groups. 

As seen in Figure 4.4, overall, most of the tasks were coded at (yellow) or above 

(blue) the intended DOK, regardless of the discourse type or task-set. Exploratory 

Discourse (right side) had a higher percentage of tasks with verbal CD at or above the 

intended DOK than Reflective Discourse (left side), with the exception of Task-Set 2 

DOK4 tasks. Additionally, Task-Set 1-Harry (top row) had a higher percentage of tasks 

with verbal CD coded at or above the intended DOK, particularly for DOK2 Tasks, than 
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Task-Set 2-Diary (bottom row). Finally, a higher percentage of tasks were not discussed 

during Reflective Discourse than during Exploratory Discourse. Quantitative and 

qualitative findings relating to these three relationships are elaborated below.  

 
Comparison of Verbal CD by Discourse Type  

The first comparison of intended DOK and verbal CD showed that Exploratory 

Discourse has a higher percentage of tasks where students’ verbal responses were at or 

above the intended DOK levels than Reflective Discourse, with the exception of Task-Set 

2 DOK4 tasks. Results from chi-square tests of independence comparing verbal CD of 

tasks completed using Reflective and Exploratory Discourse support these finding (Table 

4.2). 

 
Table 4.2. 

Chi-Square Test of Independence for Verbal CD by Discourse Type 

 Verbal outcome 
─────────────────────────────── 

 

 CD < DOK 
───────────── 

CD > DOK 
───────────── 

 

Discourse type Count % Count % Total 
Reflective 190 43. 252 57.0 442 
Exploratory 118 27.5 311 82.5 429 
Total 308 35.4 563 64.6 871 

Note. χ2 = 22.825, p < .001. 
 

 
Table 4.2 shows that 311 of the 429 (72%) tasks completed using Exploratory 

Discourse were enacted by students with a verbal CD level at or above the intended DOK 

level and only 118 tasks (28%) were below the intended DOK. In contrast, 190 of the 442 

(43%) tasks completed using Reflective Discourse were enacted by students with a verbal 
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CD level below the intended DOK level and only 252 tasks (57%) at or above the 

intended DOK (see Appendix Table E.7 for breakdown by Task-Set). 

The results for students’ enacted levels of verbal CD do not align with the results 

for students’ written levels of CD. Qualitative results show that when students engaged in 

Exploratory Discourse, they were more likely to justify their ideas verbally, but not write 

the justifications on the paper, whereas when students engaged in Reflective Discourse, 

they were more likely to write down their justifications based on their reflections from 

the group discussion, but not necessarily talk about those justifications during the 

Reflective Discourse. The following excerpts from students’ verbal responses help to 

illustrate this idea. Student names are pseudonyms for all excerpts. The first excerpt is 

from a group solving the H5b task (see Figure 4.2) while students were engaging in 

Exploratory Discourse. 

Alice:  So we have to minus it. 

Bruce: Yeah, cause it says ‘difference’ and difference means subtract. So 4 ½ 
minus 3 ¾ cause Barnes and Nobles is 4 ½ and IMBd is 3 ¾. 

Carrie:  Write 4 ½ first cause Barnes and Nobles is bigger.  

Bruce:  [subtracting silently on paper] So ¾, what else should I write or should I 
only write ¾? 

Alice:  And then why did you subtract that. 

Bruce:  No, it doesn’t ask that. 

Alice:  Yeah, cause it doesn’t ask how. 

Carrie:  [writes ¾ on the paper] 

 [Video 410H2, 2:31-4:37] 
 

In this excerpt, we can see several examples of high verbal CD as the students 
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share solution strategies and justify their reasoning for those strategies. For example, 

when Bruce says, “Yeah, cause it says ‘difference’ and difference means subtract,” this 

shows that he his justifying the subtraction strategy based on key words. However, the 

final written CD for this group of students for the task was coded as low because there 

was no evidence of the justifications from the conversation in the group’s simple written 

response “3/4.” In contrast, the next excerpt is from a group of three students reflecting 

on the same task using Reflective Discourse.  

Danika:  Okay, next one. So what did you get for B? 

Erik:  That [pointing to the written response “4 ½ > 3 ¾ by ¾”]  

Frank:  Yeah, I did that [pointing to the written response “¾”] 

Erik:  What did you get on B Danika? 

Danika:  [pointing to written response “The difference is ¾ cause I subtracted.”] 

[Video 280H2, 1:52-2:25] 
 
In this excerpt, we can see several examples of high written CD for comparisons 

and explanations in the written responses, however the verbal CD focuses on 

organization for sharing responses and identifying answers which were coded as low 

verbal CD. For example, when Erik and Danika simply point to their written responses, 

this shows that they are only identifying their solutions, but not explaining or justifying 

their solutions or strategies verbally to each other. This pattern was repeated by multiple 

groups for both task-sets and tasks at all four DOK levels. For example, Figures 4.5 and 

Figures 4.6 provide samples of students’ written and verbal responses for a Level 4 task 

(DOK4) from Task-Set 2 where the written and verbal CD do not match. Figure 4.5 

shows the first three google slides created by one student, Hank, in response to a Task- 
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Greg: I did this one [points to #2 and shows picture] 
Hank: I did presentation [scrolls through slides on Chromebook] 
Isaac: [points to written summary under #4] 
Greg: Ok. Diary. Wimpy Kid. Awesomeness. Done. 
[Video 310D3, 2:45-3:04] 

Figure 4.5. Reflective discourse level 4 written and verbal CD sample for Task-Set 2. 

 
Set 2 Level 4 task, before engaging in Reflective Discourse with his group (top) as well 

as an excerpt of the small-group Reflective Discourse relating to Hank and his Level 4 

task response (bottom). 

As seen in Figure 4.5, the high written CD sample does not align with the low 

verbal CD in the excerpt from the students in this group discussing the task. This excerpt 

shows that even though Hank’s written response had elements of high CD such as 

synthesizing information for multiple sources using technology, he did not verbally share 

his reasoning or strategies during the 20 second reflection with his group. Instead when 

Hank says, “I did presentation,” his verbal response only identifies the medium he used to 

complete the task. This pattern of low verbal CD for DOK4 tasks was more common with 

groups engaging in Reflective Discourse where everyone in the group chose a different 

Level 4 task (e.g., “We all got different answers, so...”) than with groups engaging in 

Reflective Discourse where students all chose the same Level 4 task and compared the 

differences in their written responses. Students engaging in Reflective Discourse were 



75 
 
more likely to choose the same Level 4 task as other people in their group for Task-Set 2, 

which may explain the higher verbal CD for Reflective Discourse Task-Set 2 DOK4 

tasks. 

Figure 4.6 shows the collaborate hand-drawn written response to a Task-Set 2 

Level 4 task from a group engaging in Exploratory Discourse (top) as well as an excerpt 

of students in this group discussing the task (bottom). 

 

 
Janet:  I think that number 2 would be the best because it would get more people because we would be 

able to do a billboard and more people would see it and want to buy it. 
Karen:  Like if someone sees a McDonald’s hamburger and it looks really good, they will get one 

because they know where it is. So if we put stuff on the billboard it would make sense because 
more people would see it. 

Laney:  Yea, but if the McDonalds burger looked that good, it doesn’t mean it could be good cause this 
[pointing to task-set] could only have bar graphs to show if it’s good or not. 

Karen:  But we could put line graphs on the billboard. 
Janet:  So let’s do an advertisement [writes “Advertizement” on paper] 
Laney:  So should we draw a picture of the box set? 
Karen:  The box set? Yeah! I think the outline should be blue. 
Janet:  They have all colors: blue, brown, orange, but mostly blue. Let’s get something to look at [finds 

a box set for Beyonders and a copy of a Diary of a Wimpy kid book to look at] 
Laney:  So you draw the box set and we will write the titles on the spines and figure out something after 

that. 
[Video 270D4, 1:37-4:35] 

 Figure 4.6. Exploratory discourse Level 4 written and verbal CD sample for Task-Set 2. 
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On the right side of Figure 4.6, the low written CD sample does not align with the 

high verbal CD in the excerpt from the students in this group discussing the task. In this 

excerpt we can see several examples of high verbal CD as the students synthesize 

information from multiple sources to clarify and justify their ideas. For example, when 

Laney says, “Yea, but if the McDonalds burger looked that good, it doesn’t mean it could 

be good cause this [pointing to task] could only have bar graphs to show if it’s good or 

not,” this shows that Laney is providing a counterargument for Karen’s idea by 

synthesizing information from her multiple experiences with McDonalds, the current 

mathematics task-set, and using bar graphs to represent and interpret data. The class 

session ended shortly after this excerpt, which may explain why the coded written 

response only showed the low written CD outline of a drawing for a box set. If the 

students had more time, the written results for DOK4 tasks may have more closely 

reflected the verbal responses. 

 
Comparison of Verbal CD by Task-Set 

The second comparison of intended DOK and verbal CD showed that Task-Set 1 

(Harry) had a higher percentage of students’ verbalizations enacted at or above the 

intended DOK levels, particularly for DOK 2 Tasks, than Task-Set 2 (Diary). These 

results are similar to the results for RQ1 which showed that students’ written work on 

Task-Set 1 was at a higher level. These results imply that students increased personal 

experiences with the Harry Potter series as well as the comparisons for Task-Set 1 DOK2 

tasks focusing on one source may have influenced students’ verbal CD at higher levels of 

CD for Task-Set 1 than for Task-Set 2.  
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Comparison of Tasks not Discussed by Group 

The final comparison of intended DOK and verbal CD showed that a higher 

percentage of tasks were not discussed during Reflective Discourse than during 

Exploratory Discourse. This means that students engaging in Reflective Discourse had 

more tasks where not a single student talked about their strategies or solutions.  

Qualitative results show that this may be due to differences in how time was 

organized by students and their groups for Reflective and Exploratory Discourse. For 

example, during Reflective Discourse, the researcher provided 10 minutes for students to 

discuss Tasks H1-3. One group that had no differences in their responses for Tasks H1, 

H2, or H3 were able to discuss all three tasks in 5 minutes and then spent the remaining 5 

minutes justifying and checking their responses. In contrast, a different group where each 

student had a different response for H1, spent the entire 10 minutes discussing their 

solutions and strategies for H1 and never discussed H2 or H3, even though they each had 

a response written for these tasks.  

During Exploratory Discourse, students organized the time they allotted to discuss 

each task. This allowed them to spend more time on tasks where they disagreed on the 

solutions or strategies and less time on tasks where they agreed on the solutions or 

strategies, touching on most of the tasks at least once. Most tasks that were not discussed 

during Exploratory Discourse were completed independently by one member of the 

group or, similar to the written CD results, were left incomplete because the group ran 

out of time.  

In summary, a majority of the verbal discussion contained elements of HCD 
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(CD2-CD4) during both Reflective and Exploratory Discourse. The highest levels of 

students’ verbal responses (i.e., those coded at or above the intended DOK levels) 

occurred more often during Exploratory Discourse than Reflective Discourse. This 

contrasted written results, possibly due to groups engaging in Reflective Discourse that 

did not verbally elaborate on their written responses and groups engaging in Exploratory 

Discourse that did not write everything they verbally discussed. The next section looks 

deeper at these differences between student discussion practices for Reflective and 

Exploratory Discourse. 

 
Research Question 3: Reflective vs. Exploratory Discourse Contributions 

 

 Research Question 3 (RQ3) focused on differences in the quantity and quality of 

mathematical discourse contributions during small group Reflective Discourse (after 

students individually solved the mathematical tasks at four DOK levels) and Exploratory 

Discourse (while students solved the mathematical tasks as a group at four DOK levels). 

Quantity was defined in two ways: a) actual amount of time engaged in verbal 

discussions of the mathematics tasks, and b) number of codable mathematics discourse 

contributions. Quality was defined by the categories in the Mathematical Discourse 

Contribution Rubric (Table 3.3) which include: Organizational and Minimal (low 

quality), Considerable (sharing strategies), Substantive (justifications, generalizations), 

and Extended (multiple sources). 

The results for this section are organized first by differences in the quantity of 

time and number of discourse contributions for each discourse type and second by the 
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quality of the mathematical discourse contributions for each discourse type. 

 
Quantity of Time and Discourse Contributions  
for Each Discourse Type 

Results relating to the quantity of time spent discussing the mathematics tasks 

show that there was an average difference of less than one minute in the time that groups 

spent discussing the mathematics tasks across the discourse types (i.e., reflective and 

exploratory). Table 4.3 illustrates the time differences for groups that were on-task the 

entire time as well as groups that were off-task at least once during the task-set. The Ns in 

the table indicate the number of groups who were on- or off-task for Reflective and 

Exploratory Discourse, respectively.  

 
Table 4.3 
 
Frequency of Time Spent Discussing Mathematics Tasks in Minutes 
 

 
Reflective discourse 

────────────── 
Exploratory discourse 

────────────── 
Difference 
(Ref – Col) 

Heading Mean 
──── 

Min-max 
─────── 

Mean 
──── 

Min-max 
─────── 

On-Task (N = 16, 17) 14.75  11.10-17.80 15.41  11.67-20.10 -0.66 
Task-Set 1 (H) 14.65  13.06-17.80 15.81  11.67-20.10 -1.16 
Task-Set 2 (D) 14.81  11.10-17.23 14.47  13.08-18.43  0.34 

Off-Task (N = 18, 17) 8.83  3.05-13.15 8.45  2.70-12.60  0.38 
Task-Set 1 (H) 7.75  3.05-11.48 9.65  8.80-11.12 -1.90 
Task-Set 2 (D) 9.78  4.32-13.15 7.90  2.70-12.60  1.88 

Overall (N = 34) 11.17  03.05-17.80 12.03  02.70-20.10 -0.86 
 
 

As seen in Table 4.3, groups of students who were on-task during the entire task-

set spent an average of 15 minutes actively engaging in group mathematical discourse 

and the remaining 55 minutes engaging in individual reflection, computation, or writing – 
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regardless of discourse type. Groups of students who were off-task at least once during 

the task-set spent an average of 8 or 9 minutes engaged in group mathematical discourse. 

Overall, students spent an average of 11-12 minutes engaging in mathematical discourse. 

This indicated that, despite the amount of time provided for discussion, students 

following Reflective or the Exploratory Discourse procedures, were engaging in similar 

amounts of time for verbal discussions and individual reflections or computations. 

Results for the quantity of discourse also indicate that, when students engaged in 

Reflective Discourse, they spent more time discussing HCD tasks (DOK2-4). In contrast, 

when students engaged in Exploratory Discourse, they spent more time discussing low 

cognitive demand tasks (DOK1). Figure 4.7 provides a visualization of the percentages of 

discussion spent on tasks at each DOK level (see Appendix F, Table F.1 for specific 

tasks).  

 

 
Figure 4.7. Discourse contributions for tasks at each DOK level. 
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 As seen in Figure 4.7, about 48% of the discourse contributions during 

Exploratory Discourse were focused on DOK1 tasks, whereas only about 40% of the 

discourse contributions during Reflective Discourse were focused on those same tasks. 

Additionally, the percentage of discussion contributions when students were engaged in 

DOK4 tasks during Reflective Discourse was almost double the percentage of discussion 

contributions when students were engaged in Exploratory Discourse.  

Qualitative results show that one possible reason for the distribution in Figure 4.7 

could be attributed to how the researcher allotted the amount of time students engaged 

with different levels within the task-sets during each discourse type. For example, DOK3 

and DOK4 tasks were located primarily in Level 3 and Level 4. During Reflective 

Discourse procedures, the researcher allotted 15 minutes (approximately 1/3 of 

discussion time) for students to work individually on Level 3 and Level 4 tasks and then 

15 minutes more for groups to discuss their results and strategies. This may have 

positively influenced the percentage of time students engaged with tasks at DOK3 and 

DOK4 levels.  

During Exploratory Discourse procedures, the researcher allotted 70 minutes for 

Level 1-4 tasks, and allowed students to choose how to allot time for individual work and 

group discussions for each level. Although most groups started Level 3 tasks with about 

30 of their 70 minutes remaining (similar to reflective groups), several groups started 

Level 3 tasks with 15 minutes or less remaining to discuss and work on the tasks, which 

could explain low percentages of the discussion time focusing on tasks at these levels.  

The structured time during Reflective Discourse provided a scaffold for students 
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to encourage the discussion of tasks at each DOK level. This scaffold had positive 

benefits in prompting students to discuss results and strategies for tasks at each DOK 

level. However, it also created conflicts for some groups who either completed their 

reflective discourse early (and then proceeded to off-topic discussions) or other groups 

that wanted extra time to reflect on the tasks, but were forced to move on to the next set 

before they had completed their discussion (e.g., high percentage of tasks not discussed 

during reflective discourse). In contrast, during exploratory discourse, the removal of the 

time scaffold allowed students the discretion to move to the next task or spend extra time 

discussing a particular task. However, it may have limited the time for some groups to 

discuss the higher DOK level tasks (e.g., the two groups that ran out of time). 

Additionally, most groups engaged in Exploratory Discourse had at least one 

group member comment on how long they had been working on the tasks about 25-40 

minutes into the task-set (e.g., “Guys, the camera says we have been working on this for 

34 minutes! Hey, [talking to another group] how much time does your camera say?”). A 

few groups engaging in Exploratory Discourse revisited the time again about 10-15 

minutes before the end of the class session (e.g., “How much time is left?”) and then 

either responding with a frantic desire to work harder (e.g., “We need to hurry!”) or a 

fatigued lack of initiative (e.g., “This is long...can we just be done?”). In contrast, no 

groups engaged in Reflective Discourse asked about the time or commented on the 

amount of time displayed on the camera. The verbal reminders by the researcher (e.g., 

“You have 10 minutes to work on your own;” “You have 10 minutes to talk with your 

group.”), may have eliminated the need for students to comment on the time. 
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Additionally, the alternating time between individual and group work for groups engaged 

in Reflective Discourse may have provided students with a break or change of pace 

which decreased the fatigue experienced by groups engaging in repetitive actions during 

Exploratory Discourse.  

A second possible reason for the distributions of time for DOK1 tasks is that 

many groups engaging in Exploratory Discourse spent time discussing strategies to solve 

the DOK1 tasks, whereas groups engaging in Reflective Discourse had already chosen 

their own strategies during their individual work time before they engaged in Reflective 

Discourse with their groups. Results relating to the types of discourse contributions, such 

as strategy, are discussed more in the next section relating to the quality of discourse. 

 
Quality of Mathematical Discourse  
Contributions 

A quantitative chi-square analysis of the mathematics discourse contributions 

showed no significant differences between the quality of mathematical discourse 

contributions, based on whether the discussion was reflective or exploratory (χ2 = .832, p 

= .362). Although there were no significant differences, there were two subtle differences 

between Reflective and Exploratory Discourse patterns among the groups in the quality 

of students’ mathematical discourse contributions relating to students’ on-task and off-

task discourse practices. 

Quality was defined by the categories in the Mathematical Discourse Contribution 

Rubric (Table 3.3). Organizational and Minimal categories are considered low quality, as 

they pertain to surface level basic recall of facts and organizing responsibilities and 
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actions (Walter, 2018). Quality increases as the categories progress to Considerable 

(sharing strategies), then Substantive (justifications, generalizations), with the Extended 

(multiple sources) category as the highest quality. Each progressive category aligns with 

a deeper level of mathematical connections (Bishop et al., 2016; Durfee, 2018). 

Mathematical discourse practices. Students’ mathematical contributions coded 

as 0c-4c directly related to the mathematical tasks. Figure 4.8 shows a visual 

representation comparing percentages of student contributions for each category of 

mathematical discourse by discourse type (see Appendix F, F.2 for specific sub-codes 

within each category).  

 

 
Figure 4.8. Categories of mathematical discourse contributions. 

 
As seen in Figure 4.8, students’ discourse contributions during Exploratory 

Discourse were slightly higher for organizational and considerable categories, whereas 

students’ discourse contributions during Reflective Discourse were slightly higher for 

minimal and substantive categories. A qualitative examination of subcodes within each of 
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these categories indicates that students engaged in Exploratory Discourse were more 

likely to complete tasks by (a) sharing strategies (considerable) to complete tasks, then 

(b) organizing how to complete the tasks (organization), and finally (c) discussing the 

calculations or facts related to the task (minimal). Most students only engaged in 

counterarguments or justifications if one strategy was unknown to a member of the group 

or if there was a contradiction between calculations for different members of the group. 

The following excerpt provides an example of this practice for task H1. The first letter of 

the coded category for each response is written to the left of each response. 

 
[O]  Mary: [Reading Instructions] So what are we going to do first?  

[M] 
 

Nora: First we need to figure out how many they sold, so... total sold price… 
so they sold, so how 

[C]  Mary: So July tenth through august first they made 35.32 dollars. 

[C] Nora: That’s millions of tickets.... I’m pretty sure we are supposed to times or 
divide these 

[C]  
 

Mary: So each ticket is 7 dollars, they sold that many tickets, how much 
money did they make? Divide? 

[C]  Nora: Multiply. So 35.32 times 7 or just 3532 times 7.  

[O]  Nora: I’ll do this one. [calculating] 

[M] Mary: 24,724! That’s huge! 

[M] Nora: Then we move the decimal guy in here. 

[O] Mary: You write the answer. [Nora writes 247.24] 

[M] Nora: Okay first one, okay now we got to figure out August 7-December  

[C]  Mary: So divide it. 7 divided by 37  

[O] Mary: I’ll do this one [calculating]  

[M] Mary: So 4.31. 

[O] Nora: Write that in the box. [Mary write 4.31 on task-sheet] 

[S] Nora: I think if it’s on this side you divide, if it’s on this side you multiply 

[O] Mary: Okay, then let’s do that. [Video 370H1, 0.00-5:48] 
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In this excerpt, with 17 discourse contributions, 6 were organizational [O], 5 were 

minimal [M], 5 were considerable [C], and 1 was substantive [S]. This shows that the 

focus of this discussion, like many exploratory discussions without contradictory student 

answers, had the largest contributions in the organizational, minimal, and considerable 

categories.  

In contrast, students engaged in Reflective Discourse were more likely to share 

their answers as statements (minimal) unless there was a contradiction of answers 

between different members of the group. At that point, students engaged in 

counterarguments or justifications of their answers (substantive). Most students only 

shared new or more efficient strategies (considerable) during Reflective Discourse if the 

group determined that most or none of the answers shared were correct. The following 

excerpt provides an example of this practice for task D1. The first letter of the coded 

category for each response is written to the left of each response. 

[M] Olsen: Okay, so for the first one, I got 662 

[M] Peter: 672. You wrote 672. 

[M] Olsen: Oh yeah, 672 and for the next one . . .516 

[S] Quincy:  616 dude cause this one’s gotta be bigger than this one. 

[O] Olsen:  I am going to solve it again, just in case. 

[C] Peter: I checked it two ways, subtraction and multiplication.  

[S] Peter: I learned that each time you add the point 1 to this, it adds 28 

[M] Olsen: Oh, Oops, I forgot the 1. [Revising answer]  

[M] Peter: The next one was 532 

[M] Olsen: The next was 616 after that 

[M] Peter: and then 644 

[M] Olsen: yeah, 644 and then 588 

[M] Quincy:  and then 532 

[M] Olsen: yea 532. [Video 490D1, 1:05-2:10] 
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In this excerpt, with 14 discourse contributions, 1 was organizational [O], 10 were 

minimal [M], 1 was considerable [C], and 2 were substantive [S]. This shows that the 

focus of this discussion, like many reflective discussions was minimal confirmations, 

except when there was a contradiction in answers, which prompted considerable or 

substantive responses. 

Nonmathematical discourse practices. The researcher coded two non-

mathematical discourse sub codes: Code 0a: Student was silent during the task (silent); 

and Code 0b: Student’s verbal contributions were not related to the mathematics task 

(off-topic). Table 4.4 shows a frequency count for these two codes for Reflective and 

Exploratory Discourse.  

 
Table 4.4 

Instances of Nonmathematical Discourse  

Discourse 
Silent (0a) 

No. of instances 
Off-Topic (0b) 

No. of instances 

Reflective 56 91 

Exploratory 78 130 
 

As seen in Table 4.4, students were more likely to remain silent during the 

discourse for a task or contribute an off-topic comment during Exploratory Discourse 

than during Reflective Discourse. However, it should be noted that during Reflective 

Discourse procedures, although students had half the time allotted where they could 

potentially remain silent or contribute an off-topic comment, the number of reflective 

instances is more than half the number of exploratory instances. This may be due in part 

to groups that completed their discussion before the end of the allotted time during 
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reflective discourse and then engaged in off-topic discussions until prompted to move to 

the next set of tasks.  

Although some silent students were not engaged with the task (e.g., playing with 

paperclips in their desk), most students who were silent appeared to be engaged in active 

listening (e.g., looking at other students in group and writing on paper in response to 

other students’ discourse contributions). A closer look at the instances where a student 

remained silent showed that all 56 of the Reflective Discourse instances were spread 

across 29 different students and 27 of the 78 exploratory instances were spread across 12 

different students (about 1-2 silent tasks per student). Many of these silent students gave 

non-verbal indications of agreement to other students’ comments. In contrast, the 

remaining 51 exploratory instances were spread across only eight students (about 6-8 

silent tasks per student). A qualitative examination of these eight students seemed to 

indicate that they typically struggled with mathematics, based on self-identification 

during the discourse (e.g., “I’m usually wrong.”) or listed with a math IEP on the survey.  

Qualitative results looking at these eight students, as well as two more students 

whose comments identified them as potentially typically struggling with the mathematics 

(e.g., “I just don’t really get how to do math”), found that overall, Exploratory Discourse 

did not seem to support these students. This was evident in three common behavioral 

patterns for the struggling students during Exploratory Discourse. First, similar to the 

results from Table 4.4., the struggling students often said little to nothing during the 

entire task-set and were often ignored by their group. For example, the only phrase one 

student with an IEP, Penny, said while completing a task-set using Exploratory Discourse 
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was, “You are going too fast.” After this comment, her group told her the answers and 

what to write on her paper after they solved each task. Other struggling students often 

went without speaking for three or four tasks in a row.  

Second, the struggling students’ ideas were often devalued by other members of 

their group. The following excerpt provides one example of this behavioral pattern. 

Shawn is the typically struggling student in this excerpt from the H5 task. In earlier tasks 

leading up to this point, Shawn usually took longer than the other two group members to 

complete his calculations. Shawn’s calculations also frequently contained errors.  

Ryan:  So Amazon is 3 3/4, minus iTunes, which is 4. 

[Ryan and Tara start to subtract the fractions] 

Shawn:  It’s 1/4 

Tara: You have to show your work 

Shawn:  I just know it 

Tara:  Then how did you do it in your head? Cause you can’t minus that. That would 
equal 1 ¾ so how did you do that in your head? 

Shawn:  It’s just like...[pointing to line plot]. 

Tara: [interrupting] If you can’t say it then you need to do it.  

Shawn:  Maybe if you do 4 minus 3 and you get 1...and then minus ¾ 

Tara:  You can’t do that or you would get negative. You have to change this to 
improper fraction and that makes 4/1 and this [points to 3¾] makes 9/4 and you 
have to make a common denominator so this is 16/4 and then you subtract so 
it’s 7/4 and then you have to change it to a mixed number so the answer is 1¾. 

Shawn:  Yours is probably correct. [Video 460H2, 11:30-13:20] 
 
In this example, we can see that even though Shawn had the correct answer and 

what appeared to be a valid strategy to get to the answer, Tara’s interruption did not give 

him the time to fully work out his reasoning to support his answer. In the end, Shawn 
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conceded that Tara was probably correct, even though her calculations were incorrect. 

This pattern of concession was similar among other typically struggling students whose 

divergent answers or strategies were not valued or explored (e.g., “Okay, you’re the 

smart one, so what’s the answer;” or “You are probably right cause you are usually 

right.”). Two groups that ignored divergent ideas from typically struggling students 

actually caused themselves more work. These two groups were the same groups that did 

not complete the entire task-set while engaging in Exploratory Discourse. 

There was one exception to these patterns for Valerie, a student with an IEP. 

Valerie was placed with a group who was very patient with her and never took over her 

work. For example, if Valerie said, “I need help,” her group would ask, “Which part,” or 

“Would you like to try...[specific strategy from class].” Additionally, Valerie’s group 

would use questioning techniques such as “Do you remember how [teacher’s name] 

taught us last week?” or “Okay, so what do you need next to be able to do that?” at least 

three times before offering a specific suggestion for the next step. This may have 

provided Valerie with the support to ask questions, request more time to complete a task, 

or even offer the occasional strategy to complete a task. 

In contrast, groups engaged in Reflective Discourse were more likely to support 

students that typically struggled with mathematics. One reason Reflective Discourse may 

have supported typically struggling students is that it provided students time to think 

through their own strategies. For example, in this except from task D7, Shawn had a 

chance to try out his strategy before comparing answers with Ryan and Tara. 

Tara:  So on this one I multiplied and ½ times 60 is 30. 

Shawn:  I divided. 
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Tara:  No, so you have to multiply. You change this to an improper fraction so 60 is 
on top of 1 and then 60 times 1 is 60 and... 

Shawn:  [interrupts] But it’s the same answer. 

Ryan:  Me too. So 1/3 of 60 is like 20. 

Tara:  Yep and 1/4 times 60 is 40.  

Shawn:  It’s 15. Cause 40 + 40 + 40 + 40 is more than 60. 

Ryan: So 1/5 of 60 is 12. 

Shawn:  And 60 divided by 10 is 6. 

Tara:  So 1/7 times 60 is...49? 

Shawn:  [Shows Tara his division] so it rounds to 8. 

Tara:  Ok [revises her answer]. [Video 460D2, 2:51-3:54] 
  

 In this excerpt, Shawn is a lot more confident in his answer and in his strategy 

than he was in the exploratory excerpt. During Reflective Discourse, Shawn was able to 

show Tara that his strategy produced the same answer as hers on the first few 

calculations. This may have helped Tara to accept his strategies and answers on the later 

calculations that did not match her answers.  

 When student groups reflected on the tasks in a prioritized order, the typically 

struggling students were more likely to ask for help. For example, Penny, our IEP student 

that never talked during the tasks set where her group engaged in Exploratory Discourse, 

contributed 19 different times during the task-set where her group engaged in Reflective 

Discourse. Most of these contributions confirmed shared answers (e.g., “Yeah, I got that 

too”); however, occasionally she would ask her group for help or add ideas to the 

conversation. An example of this is found in the excerpt below. 

Wendy:  What did you get down here [pointing to H2] cause I didn’t finish. 
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Penny: I am pretty slow writer and thinker so I did not make it down there. But show 
me what you did. 

Wendy:  I did .5 million times 12.99. [points to work for 500,000 times 12.99 that is 
half finished] 

Penny:  It says round. $12.99 is like $13 so can you just do 13 times 5? 

Xander:  So I did that and I got 65.  

Wendy:  So on this one [points to Q3], I am pretty sure this is the movie [points to Q1] 
and this is the books [points to Q2] 

Penny:  Paperpacks means books 

Wendy:  So yea, so up here is 247.24 million and the highest one here was just 65 
million so I think down here people saw the movie more. 

Penny:  Yea, I think they saw the movie more. 

Xander:  The price was bigger than $7 and the price was bigger but it is a smaller 
number. 

Penny:  Yea and I think people don’t really like reading any more. [Video 210H1, 0:31-
2:35] 

 
In this excerpt, we can see that, not only is Penny asking for help, her group is 

willing to explain their answers rather than just asking her to copy them. Additionally, 

Penny was able to add ideas and strategies to the discussion. One factor that may help 

explain the increased willingness to ask for help is that many groups engaged in 

Reflective Discourse had one student (not typically struggling) who started the discussion 

by asking about a task they struggled with. For example, in this excerpt, Wendy moved 

the discussion directly to Task H2 because she struggled to complete her very large (and 

unnecessary) calculation. Seeing other students struggle may have helped students who 

typically struggle feel more comfortable asking for help. It also may have helped the 

other students in the group feel more patient with their explanations because they could 

point to their work during their explanation or compare their work to the struggling 
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student’s work to find where their calculations diverged. 

In summary, solving tasks together while engaging in Exploratory Discourse had 

the highest quality of mathematical discourse contributions. However, the long period of 

time allotted for Exploratory Discourse may have increased student fatigue and resulted 

in less time spent on HCD tasks. Exploratory Discourse was also more likely to exclude 

students who typically struggle with mathematics. Reflective Discourse typically had a 

high quality of mathematical discourse contributions. Reflective Discourse was also more 

likely to include students who typically struggle with mathematics. However, students 

were more likely to confirm each other’s answers (low-quality discourse) unless there 

was dissonance between students’ answers or strategies. 

 
Overarching Research Question 

 

 The overarching research question sought to understand the relationship between 

the two types of small-group discourse (reflective and exploratory) and student-enacted 

levels of CD when engaging with mathematics tasks at the four different intended DOK 

levels. 

Qualitative results comparing groups with unusually high or low student-enacted 

levels of CD revealed different organizational practices that may have contributed to the 

quality of mathematical discourse contributions and student-enacted CD. Two 

organizational practices identified for students engaged in Reflective Discourse were: (a) 

“order” - chronological order (started with the first task and continued sequentially) and 

(b) “priority” - prioritized order (students jumped around to different tasks they struggled 



94 
 
with during independent work time). Four organizational practices identified for students 

engaged in Exploratory Discourse were: (a) “together”—working together to solve a 

single task, (b) “side-by-side”—working side-by-side to individually solve the same task 

at the same time, (c) “split up”—splitting up similar tasks so that different students 

worked on different tasks, usually at the same time, and (d) “take over”—one student 

took over a portion of the task-set to complete a task or set of tasks without input from 

the rest of the group. Table 4.5 shows the number of tasks at each DOK level completed 

using theses organizational practices. 

 
Table 4.5 

Number of Tasks Completed by DOK Level for each Organizational Practice 

 
Reflective 

─────────────── 
Exploratory 

──────────────────────────────── 

 
Order 

─────── 
Priority 

─────── 
Together 

─────── 
Side by side 
─────── 

Split up 
─────── 

Take over 
─────── 

DOK level Count % Count % Count % Count % Count % Count % 
DOK1 70 71 28 29 47 40 43 36 20 17 9 7 
DOK2 78 75 26 25 57 51 20 18 14 12 21 19 
DOK3 59 76 19 24 71 68 7 7 7 7 20 18 
DOK4 23 75 8 25 21 72 0 0 0 0 8 8 
TOTAL 230 74 81 26 196 54 70 19 41 11 58 16 

 

As seen in Table 4.5, most groups engaged in Reflective Discourse reflected on 

tasks in sequential order, while most groups engaged in Exploratory Discourse either 

worked together on the tasks or worked on the same task side-by-side. Additionally, 

groups either worked together on DOK4 tasks or allowed one student to complete the 

tasks on their own. 

The first synthesis shows the results of the analysis of students’ verbalizations. 
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The heat map in Figure 4.9 provides a visual representation which combines the highest 

level of verbal CD and quality of discourse for tasks in each of these organizational 

groups and DOK levels. Color indicates the primary category of the highest number of 

discourse contributions (category with the most codes). Size indicates the percentage of 

discourse codes at the primary category relative to all discourse codes for the indicated 

DOK level. For example, the large blue circle with the number 84 under Reflective 

Discourse indicates that 84% of DOK3 tasks coded in the Priority category had at least 

one Substantive (CD3) discourse contribution as the highest level of discourse 

contributions. The other 16% is not displayed here, but is distributed among the other 

 

 
Figure 4.9. Quality of mathematical discourse contributions and verbal CD based on 
organizational practices and intended DOK levels. 
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three categories (see Appendix F, Tables F.3-F.8 for percentages of highest discourse 

contributions for each category and DOK level.). The small red circle with the number 43 

under Exploratory Discourse indicates that 43% of DOK3 Tasks in the split-up category 

did not have any discourse contributions higher than Minimal (CD1). The other 57% of 

DOK3 Tasks in this category were distributed among the other three categories, with no 

categories higher than 42%. 

 As seen in Figure 4.9, Reflective Discourse tasks discussed in a prioritized order 

had a higher quality of discourse than tasks discussed in chronological order, with the 

primary discourse categories being substantive (verbal CD3) or extended (verbal CD4). 

Exploratory Discourse tasks that were discussed together or worked side-by-side had the 

highest quality of discourse. This seems to indicate that organizational practices that 

focused on collaboration, such working together to solve problems, had a higher quality 

of discourse and students’ verbalizations were at a higher level of CD, regardless of the 

intended DOK level. Exploratory tasks that were split up between members of the group 

had lower qualities of discourse, especially with regards to DOK3 tasks. Tasks in which 

one student took over had the lowest quality of discourse, with 45-75% of these tasks 

discussed at minimal levels, regardless of the intended DOK level. This seems to indicate 

that organizational practices that did not focus on collaboration had a lower quality of 

discourse. 

 Figure 4.9 also shows that different discourse types seemed to be more effective 

for tasks at different intended DOK levels. For example, students working together 

during Exploratory Discourse were more likely to engage in substantive discourse (e.g., 
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verbal CD3) for DOK1 and DOK2 tasks than students engaging in Reflective Discourse. 

In contrast, students engaging in prioritized Reflective Discourse for DOK3 tasks were 

more likely to engage in substantive discourse (e.g., verbal CD3) than students engaging 

in Exploratory Discourse. Both practices supported extended discourse (verbal CD4) for 

DOK4 tasks, with 62% of groups working together during Exploratory Discourse 

engaging in extended discourse. None of the student groups completed DOK4 tasks using 

Side-by-Side or Split-Up organizational practices, as indicated by the small dots. 

The next synthesis shows the results of the analysis of students’ written work. The 

heat map in Figure 4.10 provides a visual representation of the written CD for each of 

these organizational groups and DOK level. As the organizational groups are task-based 

and not group based, the tasks in Figure 4.10 are limited to the same tasks that are 

represented in Figure 4.9 for quality and verbal CD. (See Appendix F, Tables F.9-F.14 

for percentages of written CD for each organizational practice and DOK level.) 

 As seen in Figure 4.10, students’ final written CD levels for tasks completed after 

engaging in Reflective Discourse were primarily above the intended level for DOK1-2 

tasks and primarily at the intended level for DOK3-4 tasks. These results are similar to 

the verbal CD in Figure 4.8 for Reflective Discourse. Students’ final written CD levels 

for tasks completed collaboratively (i.e., together & side by side), while engaging in 

Exploratory Discourse, were primarily above the intended level for DOK2 tasks and at 

the intended level for DOK1, 3, and 4 tasks. Students’ final written CD levels for tasks 

completed separately (i.e., split up and take over), while engaging in Exploratory 

Discourse varied, with a high percentage of tasks coded primarily as low cognitive  
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Figure 4.10. Quality of written CD based on organizational practices and Intended DOK 
levels. 
 

demand (LCD). These results contrast students’ verbal CD levels in Figure 4.9 for 

Exploratory Discourse. This seems to indicate that students’ written CD for Reflective 

Discourse was primarily higher than students’ written CD for Exploratory Discourse. 

This also shows that students’ written CD may potentially be a better representation of 

students’ verbal CD levels for Reflective Discourse than for Exploratory Discourse.  

 In summary, students exhibited verbal evidence of HCD for tasks at all four DOK 

levels during both Reflective and Exploratory Discourse; however, only Reflective 

Discourse had similar written evidence of HCD for these same tasks. Groups of students 

who organized the completion of tasks separately (i.e., split up & take over) during 



99 
 
Exploratory Discourse primarily showed verbal and written evidence of low cognitive 

demand for tasks at all four DOK levels. Additionally, low cognitive demand tasks 

(DOK1) and the lowest level of HCD tasks (DOK2) had the highest quality of discourse 

during Exploratory Discourse procedures, while HCD tasks (DOK3) had the highest 

quality of discourse during Reflective Discourse procedures. 
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CHAPTER 5 

DISCUSSION 
 

 The purpose of this study was to explore the relationship between two types of 

small-group discourse (reflective and exploratory) and student-enacted levels of cognitive 

demand (CD) (written and verbal) when engaging with mathematics tasks at the four 

different intended Depth of Knowledge (DOK) levels. Results showed that most written 

and verbal responses were at high levels of cognitive demand, regardless of discourse 

type. Additionally, results showed that students’ organizational practices to solve and 

discuss the tasks in each task-set that focused on students working collaboratively (i.e., 

prioritized, together, side-by-side) had the highest quality of discourse.  

Results relating to students’ written and verbal responses to tasks at each of the 

four DOK levels showed differences in student-enacted levels of cognitive demand for 

each discourse type. Reflective Discourse generally had higher written responses and 

lower verbal responses, possibly due to increased student revisions of written responses 

after engaging in a discussion of the tasks with their group. Exploratory Discourse 

generally had higher verbal responses and lower written responses, possibly due to 

increased opportunities for students to elaborate on their strategies and solutions before 

engaging with independent calculations.  

Results showed that the verbal cognitive demand for DOK1 and DOK2 tasks were 

consistently higher when students engaged in Exploratory Discourse, whereas the verbal 

cognitive demand for DOK3 and DOK4 tasks were consistently higher when students 

engaged in Reflective Discourse. Results also seemed to indicate that groups of students 
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that may not have been able to structure their time efficiently were more likely to run out 

of time to: a) complete all written tasks during Exploratory Discourse, or b) verbally 

discuss all tasks during Reflective Discourse. 

Results relating to the quality and quantity of discourse contributions showed that, 

while there were no overall differences in the quantity of time spent verbally discussing 

the tasks or the quality of discourse contributions between each discourse type, there 

were differences between discourse types for students that typically struggle with 

mathematics. In this study, Exploratory Discourse did not support struggling students; 

however, Reflective Discourse did support struggling students. 

Based on the main results in this study, three overall themes emerged: a) 

relationships between discourse type and student-enacted levels of cognitive demand; b) 

equitable participation for typically struggling students; and c) the importance of 

dissonance in small-group discourse. Each of these themes are discussed below. 

 
Relationships Between Discourse Type and Student-Enacted  

Levels of Cognitive Demand 
 

 The first theme related to the relationship between small-group discourse type and 

student-enacted levels of cognitive demand. Results showed that most written and verbal 

responses were HCD, regardless of discourse type. This contrasts previous research that 

found that students’ enacted levels of CD were more likely to be Low Cognitive Demand 

(LCD) regardless of the intended DOK level (Charalambous & Litke, 2018; Kessler et 

al., 2015; Otten, 2012). Although the reasons for this discrepancy between prior research 
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and the current study may be explained by the high-quality tasks used in this study or the 

existence of classroom norms for collaborative work in the classes in this study, the 

differences are most likely explained by engagement of students in small-group discourse 

during this study. This supports prior research that both Reflective and Exploratory 

Discourse can engage students in reasoning and justification of strategies and solutions. 

(Georgius, 2014; Hogan et al., 1999; Kalamar, 2018; Rojas-Drummond & Mercer, 2003). 

As students verbalized their ideas during discourse, this may have provided them with 

opportunities to use multiple schemes (i.e., high CD) in order to understand and explain 

the ideas they automatically “just knew.” For example, in an earlier exploratory discourse 

prompt, Shawn proposed an answer of “1/4.” However, when Tara asked him how he 

knew, the subsequent discourse prompted him to think about how he knew the answer 

was ¼ as he contemplated the relationship between his proposed answer, the number line, 

and computation algorithms. 

Results across both discourse types confirmed Rojas-Drummond and Mercer’s 

(2003) concerns that students engaging in Reflective Discourse were more likely to 

engage in cumulative talk than students engaging in Exploratory Discourse. However, the 

results extend these findings to show that cumulative talk generally occurred during 

Reflective Discourse for lower cognitively demanding tasks (DOK1 and 2) with 

exploratory talk showing higher levels of verbal CD for these tasks. In this study, results 

showed that higher cognitively demanding tasks that require reasoning (DOK3 and 4) had 

higher verbal and written CD during Reflective Discourse procedures than Exploratory 

Discourse procedures. This aligns with research showing that HCD tasks may require 
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more wait time in order to allow students to process their ideas and reasoning (Ingram & 

Elliott, 2016; Walter, 2018). Similar to Kalamar’s (2018) findings, delaying discourse 

until after students had time to think about the mathematics, may have “enable[d] them to 

produce stronger answers to be shared out with their peers” (p. 69).  

 
Equitable Participation for Typically Struggling Students 

 

 The second theme among the results related to equitable participation for typically 

struggling students. Results showed that overall, Reflective Discourse was more likely to 

support typically struggling students than Exploratory Discourse. Qualitative results 

showed that the ideas of many typically struggling students were ignored or rejected 

during Exploratory Discourse. Barron (2003) explains that this may be due to a 

competitive rather than collaborative relationship within the groups engaged in 

Exploratory Discourse. Barron hypothesized that, “When schooling values student 

identities that are based on being smarter than others, the extent to which students are 

willing to engage mutually in intellectual discourse may be compromised” (p. 350). In 

these situations, the ideas of typically struggling students are seen as less credible 

(Coplan, Hughes, Bosacki, & Rose-Krasnor, 2011). This was evidenced in this study as 

groups more likely to ignore or reject student ideas were also more likely to justify the 

rejection with a need to complete tasks quickly (e.g., “No, my way is faster”) or correctly 

(e.g., “This is the way [teacher] explained it multiple times”). Unfortunately, when 

typically struggling students’ ideas are ignored or rejected, it can reinforce labels such as 

“smart” or “dumb” and make these students feel isolated from their peers (Bishop, 2012; 
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Yang, Chen, & Wang, 2015). This was also evidenced in this study, as students whose 

ideas were ignored or rejected were less likely to speak up during later tasks.  

Research also shows that a friendly or supportive environment can break the cycle 

for non-participation by typically struggling students (Lin et al., 2015). This was 

evidence in this study for typically struggling students such as Valerie and Penny. In 

supportive environment where students were willing to listen to each other’s strategies 

and solutions, typically struggling students were more confident and likely to share their 

ideas. Results from this study show that Reflective Discourse is more likely than 

Exploratory Discourse to support typically struggling students by creating a more 

friendly or supportive environment. For example, during Reflective Discourse, many 

students who did not typically struggle with the mathematics started the discourse by 

asking for help on a problem they struggled with. This may have created a friendly and 

supportive environment where students could see that it was okay to struggle. The delay 

in discourse until after students had time to think through their solutions and strategies 

also helped students to be prepared to share and justify their strategies and solutions. This 

supports prior research that Reflective Discourse can provide more equitable student 

participation and voice (e.g., Hung, 2015; Kalamar, 2018; Walter, 2018).  

 
Importance of Dissonance in Small-Group Discourse 

 

 The third and final theme among the results was the importance of dissonance in 

small-group discourse. Overall, results show that the presence of dissonance seemed to 

result in higher levels of student-enacted CD for both discourse types. For example, when 
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students engaged in either Reflective or Exploratory Discourse suggested a different 

strategy to solve the same task, the dissonance created by the lack of consensus usually 

prompted students to justify their strategy or provide a counterargument against another 

student’s strategy. Dissonance created by differences in solutions for students in groups 

engaged in Reflective Discourse often prompted students to revise their answers. 

Additionally, these revisions typically raised the written CD from the original response.  

Dissonance in strategies or solutions during reflected discourse also seemed to 

prompt students to disengage from cumulative talk as they justified their own strategies 

and solutions or used their written responses to provide a counterargument against other 

students’ ideas. In a few cases, the discussion that arose in response to the dissonance in 

strategies and solutions seemed to allow students to identify misconceptions in all of their 

strategies (e.g., “Oh, I guess we all got it wrong.”) and prompt students to work together 

to identify and implement a more efficient and accurate strategy. This supports Hogan et 

al.’s (1999) research which found that groups with a high quality of discourse shared 

ideas that served to “articulate and clarify what they did not know” rather than focusing 

on organizational or conformational ideas (p. 424). Hogan et al. also found that groups 

engaged in Exploratory Discourse presented “provocative ideas” (p. 424) that provided 

dissonance increase the quality of the discussion to focus on deeper conceptual 

understanding. This was evidenced in this study as students were more likely to prompt 

someone to explain or justify their strategy during Exploratory Discourse when the 

strategy was radically different than their own (e.g., “What? Why did you do that?).  
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Implications for Teachers 
 

There are several implications for teachers, based on the results of this study. 

Results indicate that teachers can use both reflective and exploratory small-group 

discourse as effective classroom practices to help increase student-enacted levels of 

cognitive demand to promote a deeper understanding of the mathematics. Teachers can 

potentially use Reflective Discourse to facilitate high quality discourse among students 

with different experiences or solution strategies to promote higher written student-

enacted levels of cognitive demand, particularly with HCD tasks. Teachers can 

potentially use Exploratory Discourse to facilitate high quality discourse between 

students with different experiences or solution strategies to promote higher verbal 

student-enacted levels of cognitive demand, particularly with HCD tasks.  

These results indicate that teachers can support students that typically struggle 

with the mathematics by providing them with time to think through their own ideas 

before reflecting on tasks with their group or class. Teachers can also potentially help 

students learn to structure their time in order to engage with the tasks more efficiently to 

solve or discuss mathematics tasks. Additionally, teachers can potentially support all 

students by helping their class build a friendly and supportive environment where 

students can work together collaboratively, rather than competitively, to solve different 

mathematics tasks and increase the quality of the discourse and student-enacted levels of 

cognitive demand. 
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Limitations and Suggestions for Future Research 
 

 This study is limited in its generalizability, specifically relating to grade level, 

mathematical content, and length of task. Due to the scope of this study, the 

generalizability of this study does not extend beyond Grade 5 students and tasks relating 

to operations with fractions and decimals. Operations with fractions and decimals can be 

difficult mathematical topics and may have increased or decreased the range of student 

strategies or levels of dissonance. Additional research is needed to expand these findings 

to other grade levels or mathematical domains. 

 This study involved 26 unique tasks completed in two 70-minute sessions. The 

extended length of time for students to work with minimal teacher support limits the 

generalizability of this study towards single tasks completed during smaller chunks of 

time or tasks completed with additional teacher support. More research is needed to 

expand these findings to shorter discourse sessions. More research is also needed to 

identify teacher actions that could potentially support or increase group organizational 

practices during small-group discourse that support high student-enacted levels of 

cognitive demand. 

 
Conclusion 

 

 This research showed that both Reflective and Exploratory Discourse can be used 

by teachers to promote high student-enacted levels of cognitive demand. Results also 

showed that a supportive environment, such as the environment created by Reflective 

Discourse, can help support typically struggling students. Finally, this research reinforced 
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the importance of dissonance in prompting students to engage with the tasks at higher 

levels of cognitive demand.  
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Table B.1 
 
DOK Level for All Tasks in each Task-Set  
 

DOK Level Task-Set 1 (Harry) Task-Set 2 (Diary) 

1 H1, H2, H4, H6 D1, D5, D6, D7 

2 H3, H5, H7, H8 D2, D4, D8, D11 

3 H9, HC1, HC2, HC3 D3, D9, D10, D12 

4 HF DF 
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(Figure continues) 



125 
 

 
Figure B.1. Task-Set 1. 
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(Figure continues) 
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Figure B.2. Task-Set 2. 
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Appendix C 

Coding Protocol
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Figure C.1. DOK wheel coding rubric. 
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Table C.1  

Written Rubric with Sample Evidence  

Code Evidence 

1 -Calculates with Algorithm / Routine Procedures 
-Showed Not Work (Possible Recall) 
-Stated Fact /Make Statement (Tell, Label, Repeat) 
-Writes “I copied” on the worksheet 
-Nonsense Answer (Draws a chicken for a calculation problem) 

2 -Explains Answer (but does not Justify; I think . . . I see . . .) 
-Made Comparison 
-Used Estimation (not rounding procedure) 
-Summarized Information 
-Identified Patterns 
-Organized Data 

3 -Justified placement (with word or arrows) 
-Justified Answer (With words or arrows) 
-Revised Answer (Illustrates strategic thinking) 
-Cite Evidence to Support Answer (from One Source) 

4 -Synthesize information from multiple sources 
-Crossed multiple domains to solve or justify solution (e.g., Pulled resources from outside the 
task-set to prove, synthesize or create something) 
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Table C.2 
 
Sample Coding Verbal CD 
 

Task Student Student Response Code 
Sub 

Code  
D1 153 So just find out the volume? 2 2a 
D1 152 Yeah 1 1d 

D1 153 
Then let’s split it up. One person do number one, one person do number 
two 0 0c 

D1 152 It’s not even. There are 7 and we have three people. 0 0c 
D1 153 I can do an extra and let’s get our own scratch paper. 0 0c 
D1 152 Okay, I’ll do the first one. You can do this one.  0 0c 

D1 153 
She will do the Last Straw. Then you will do Dog Days. I will do The Ugly 
Truth She can do Cabin Fever and I can do the third Wheel 0 0c 

D1  [Solves assigned independently.] 1 1b 
D1 152 What did you get for the last one? 1 1d 
D1 151 I don’t know, it wasn’t one I was assigned. 0 0c 
D1 152 [solves problem] Ok, write that one down, it is 560 and 588 1 1a 

D2 153 

Okay, so basically, someone will add all the decimals together. So I think 
those two will be the same but the decimals won’t so we need to add all the 
decimals 1 1c 

D2 152 Yeah 1 1d 
D2  [Starts calculating] 1 1a 
D2 152 I got 13 1 1c 
D2 152 I forgot to add two whole so that would be 15. 1 1c 

D2 153 
Height is 14 . . . wait So would the books be like [swipe sideways] or that 
[swipe up and down]. 2 2a 

D2 152 I think it would be [swipe up and down] 1 1d 

D2 153 
Okay, so length would be added together. Width would be 14 and height 
would be 20. 1 1c 

D2 151  0 0a 
D3 152 [reads questions] 0 0c 

D3 153 
So we just add all the volumes together? I think we should just add some 
and then add them together so we don’t have to keep adding. 2 2b 

D3 152 Okay [starts adding] 1 1a 

D3 153 
She will do the Last Straw and Cabin Fever and you will add those two 
together. 0 0c 

D3 152 So 560 and 588 1 1d 
D3 153 And I can do Mine 0 0c 
D3 152  Do you want to do the third wheel? 1 1c 
D3 153 Do you want to? 0 0c 
D3 152 I don’t care 0 0c 
D3 153 Ok, I’ll do it. 0 0c 
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Task Student Student Response Code 
Sub 

Code  
D3 152 Ok, I got mine 1,344 1 1c 
D3 153 4,337 1 1c 
D3 152 Ok [writes on sheet] Okay, multiply 15 1 1a 
D3 153 It is close to rounding by 16 1 1c 
D3 152 Who wants to multiply them? 0 0c 
D3 153 We multiply all of them? 1 1d 
D3 152  Yea 1 1d 
D3  [all multiplying] 1 1a 
D3 153 I got 4200 1 1d 
D3 152 42? [writes answer and reads question] 1 1d 
D3 153 These two are really close 1 1c 
D3 152 Ok, so their volume are really close 1 1d 

D3 153 
Their volume and box set are close. Wait a minute, wouldn’t those two be 
the same because if you added all of the volume they would be the same. 3 3b 

D3 152 So did we not do this one right? 1 1d 
D3 153 Oh, because of the .49 it would be. 3 3b 
D3 152 Oh, so they are the same. But wait, what should we write? 1 1d 
D3 153 The volume and box set are close. 1 1d 
D4 152 [reads question] 0 0c 
D4 153 And you have to multiply it. 2 2a 
D4 152 Wow, just wow 0 0b 
D4  [multiply numbers] 1 1a 
D6 153 So that retail goes there and production goes there. 1 1c 

D6 152 
So I am going to go back here and do this [flips paper over and starts 
adding] 1 1a 

D6 153 
So [reads question] so we would add all of those together. So you add those 
together [starts solving] 2 2a 

D6 152 So I think I got this wrong. 1 1d 
D6 153 At least we have an answer. I got 20.15 [is handed paper and writes answer] 1 1c 
D6 153 So then we add all the retail prices together. 1 1c 
D6  [start calculating] 1 1a 
D7 153 60:48 [writes answer, turns paper over, reads question] so 60 1 1a 
D7 153 You round them so it would be like 8, 9, 10 2 2a 
D7 152 Yea, 8, 8 and 9 1 1d 

D7 153 
That is weird, there is 1, 2, 3, 4, 5, 6, 7, [books] but there is only 1, 2, 3, 4, 
5, 6 [discounts]. There is 6 columns and 7 books. 3 3a 

D7 152 60 goes in each of these boxes. 1 1c 
D7 153 Oh, that makes more sense. 30? 1 1c 
D7 152 Yea, that would be 20 1 1d 

D7 153 
Yea and that would be 15. So that would be a half and you would subtract 
this from that so it would be this is how much is off and this is selling. 3 3b 
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Task Student Student Response Code 
Sub 

Code  
D7  [calculates problems] 1 1a 
D7 153 Weird, 7 doesn’t go into 60. [continues calculating] Just round it to 9? 1 1c 
D7 151  0 0a 
D8 153 Now you add all that? 1 1c 
D8 152 Yea, and subtract from discount. 1 1d 
D8  [calculate sum] 1 1a 
D8 153 So you wouldn’t want it to be too high or too low [writes answer] 1 1c 
D9 153 So maybe 45 1 1c 
D9 152 Yes 1 1a 
D9 153 Cause I think it’s a good amount off and you don’t lose money 3 3b 
D9 152 Yeah [writes answer] 1 1d 

D11 153 

So the discount would be minus $15. But would we change the discount 
rate for more orders? I think we should make it lower so people would want 
to buy more orders so I would make it 20% and then a little bit lower. No 
you would want it to be a little bit higher, so 33% off and then half off. 3 3b 

D11 153 [starts filling in columns] 1 1a 
D10 153 [reads questions and copies from back] 1 1b 
DF  [reads choices silently to themselves] 1 1b 
DF 152 Which one would you want to do? 0 0c 
DF 153 I would design a cover. 0 0c 
DF 152 Yea. 0 0c 

DF  
[both start drawing on the same paper, adding details while discussing 
drama class for last 3 minutes of the task-set] 1 1c 
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Table C.3 
 
Double Coder Procedures 
 

Time Procedures 

45 min Review DOK Wheel and 4 DOK Levels 
Review Written Coding Rubric and Compare to DOK Wheel 
Co-Code Written Harry Task. Double Coder coders first identified the DOK level and 
explained their reasoning for the identified level. Next, the researcher confirmed the 
coding or provide justification for an alternative DOK level. Type codes in google 
sheet double coding form. 
Review Verbal Coding Rubric 
Co-Code Verbal Harry Task. (Same as Written). (3%) 

1-2 hrs Double Coder codes Harry and Diary Tasks for 1 Group (3%) 

15 min Researcher and Double Coder Meet to Compare Codes, discuss any discrepancies and 
answer and questions. 

2-3 hrs Double Coder codes Harry and Diary Tasks for 2 Groups (6%) 

15 min Research compiles SPSS files with original codes from Researcher and Two Double 
Coders. Runs KALPHA Reliability test. 
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(Figure continues) 
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Figure C.2. Sample coded written CD.
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Appendix D 

Written Cognitive Demand Quantitative Tables
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Table D.1 
 
Reflective Task-Set 1 Overall Percentage Written 
 

 Written DOK 
Intended DOK 0 1 2 3 4 Total 

1 0.48% 13.46% 1.92% 14.90% 0.00% 30.77% 
2 0.48% 0.48% 7.69% 22.12% 0.00% 30.77% 
3 0.48% 0.96% 5.77% 23.08% 0.48% 30.77% 
4 0.48% 0.48% 1.92% 0.48% 4.33% 7.69% 

Total 1.92% 15.38% 17.31% 60.58% 4.81% 100.00% 
 
 
Table D.2 
 
Exploratory Task-Set 1 Overall Percentage Written 
 

 Written DOK 
Intended DOK 0 1 2 3 4 Total 

1 0.00% 21.27% 5.88% 3.62% 0.00% 30.77% 
2 0.00% 3.62% 4.98% 22.17% 0.00% 30.77% 
3 0.45% 5.43% 13.57% 10.86% 0.45% 30.77% 
4 0.00% 0.90% 3.17% 1.36% 2.26% 7.69% 

Total 0.45% 31.22% 27.60% 38.01% 2.71% 100.00% 
 
 
Table D.3 
 
Reflective Task-Set 2 Overall Percentage Written 
 

 Written DOK 
Intended DOK 0 1 2 3 4 Total 

1 0.00% 10.68% 2.56% 17.52% 0.00% 30.77% 
2 0.85% 3.85% 17.52% 8.55% 0.00% 30.77% 
3 1.71% 3.42% 6.41% 19.23% 0.00% 30.77% 
4 0.00% 0.43% 2.56% 1.71% 2.99% 7.69% 

Total 2.56% 18.38% 29.06% 47.01% 2.99% 100.00% 
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Table D.4 
 
Exploratory Task-Set 2 Overall Percentage Written 
 

Intended DOK 
Written DOK 

0 1 2 3 4 Total 
1 0.00% 21.15% 4.81% 4.81% 0.00% 30.77% 
2 0.96% 12.50% 14.90% 2.40% 0.00% 30.77% 
3 3.85% 6.73% 7.21% 12.50% 0.48% 30.77% 
4 0.48% 2.40% 1.44% 1.44% 1.92% 7.69% 

Total 5.29% 42.79% 28.37% 21.15% 2.40% 100.00% 
 
 
Table D.5 
 
Difference in Proportions Tests of Association for Intended DOK vs. Written CD 
 

Task-set and discourse type χ 2 df p 
Task-Set 1 Reflective 166.0 12 < 0.001 
Task-Set 2 Reflective 149.0 12 < 0.001 
Task-Set 1 Exploratory 144.0 12 < 0.001 
Task-Set 2 Exploratory 96.4 12 < 0.001 

 

 

 

 

 

 

 

 

 

 

 



140 
 
Table D.6 

Frequencies of Written CD Organized by Tasks and Discourse 

 Reflective  Exploratory  Overall 
Tasks 1 2 3 4  1 2 3 4  1 2 3 4 
Overall  75 104 236 17  158 120 128 11  233 224 364 28 

Task-Set 1 (H) 32 36 126 10  69 61 84 6  101 97 210 16 
Task-Set 2 (D) 43 68 110 7  89 59 44 5  132 127 154 12 

DOK 1 Tasks 53 10 72 0  91 23 18 0  144 33 90 0 
DOK 2 Tasks 10 57 66 0  34 42 54 0  44 99 120 0 
DOK 3 Tasks 10 27 93 1  26 45 50 2  36 72 143 3 
DOK 4 Tasks 2 10 5 16  7 10 6 9  9 20 11 25 

H1 (DOK 1) 10 1 5 0  11 1 5 0  21 2 10 0 
H2 (DOK 1) 9 1 5 0  13 3 1 0  22 4 6 0 
H3 (DOK 2) 0 4 11 0  0 1 16 0  0 5 27 0 
H4 (DOK 1) 3 1 12 0  13 4 0 0  16 5 12 0 
H5 (DOK 2) 0 2 14 0  1 2 14 0  1 4 28 0 
H6 (DOK 1) 6 1 9 0  10 5 2 0  16 6 11 0 
H7 (DOK 2) 0 1 15 0  1 1 15 0  1 2 30 0 
H8 (DOK 2) 1 9 6 0  6 7 4 0  7 16 10 0 
H9 (DOK 3) 2 0 13 0  4 1 12 0  6 1 25 0 
H10 (DOK 3) 0 4 12 0  1 15 1 0  1 19 13 0 
H11 (DOK 3) 0 2 13 1  1 7 9 0  1 9 22 1 
H12 (DOK 3) 0 6 10 0  6 7 2 1  6 13 12 1 
HF (DOK 4) 1 4 1 9  2 7 3 5  3 11 4 14 

D1 (DOK 1) 4 0 14 0  8 2 6 0  12 2 20 0 
D2 (DOK 2) 1 5 12 0  7 7 2 0  8 12 14 0 
D3 (DOK 3) 2 4 11 0  4 5 5 0  6 9 16 0 
D4 (DOK 2) 0 18 0 0  3 13 0 0  3 31 0 0 
D5 (DOK 1) 9 4 5 0  14 2 0 0  23 6 5 0 
D6 (DOK 1) 9 2 7 0  11 5 0 0  20 7 7 0 
D7 (DOK 1) 3 0 15 0  11 1 4 0  14 1 19 0 
D8 (DOK 2) 4 9 3 0  6 8 2 0  10 17 5 0 
D9 (DOK 3) 1 4 11 0  1 2 11 0  2 6 22 0 
D10 (DOK 3) 3 1 14 0  4 3 7 0  7 4 21 0 
D11 (DOK 2) 4 9 5 0  10 3 1 0  14 12 6 0 
D12 (DOK 3) 2 6 9 0  5 5 3 1  7 11 12 1 
DF (DOK 4) 1 6 4 7  5 3 3 4  6 9 7 11 
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Table D.7 
 
Chi-Square Comparing Reflective and Exploratory Written CD by Task-Set 
 

Task-set and discourse type 
Written Outcome  Chi Square 

CD < DOK CD ≥ DOK Total χ2 p 
Task-Set 1 (H)    17.864 <0.001 
 Reflective 25 183 208   
 Exploratory 63 158 221   
 Total 88 341 429   

Task-Set 2 (D)    13.969 <0.001 
 Reflective 49 185 234   
 Exploratory 77 131 208   
 Total 126 316 442   

Both Task-Sets    29.667 <0.001 
 Reflective 74 368 442   
 Exploratory 140 289 429   
 Total 214 357 871   
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Appendix E 

Verbal Cognitive Demand Quantitative Tables
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Table E.1 
 
Reflective Task-Set 1 Overall Percentage Verbal 
 

Intended DOK 
Verbal DOK 

0 1 2 3 4 Total 
1 6.25% 8.65% 2.40% 12.50% 0.96% 30.77% 
2 1.44% 7.69% 4.33% 15.38% 1.92% 30.77% 
3 11.54% 5.29% 0.96% 10.10% 2.88% 30.77% 
4 0.48% 0.48% 0.96% 3.37% 2.40% 7.69% 

Total 19.71% 22.12% 8.65% 41.35% 8.17% 100.00% 
 
 
 
Table E.2 
 
Exploratory Task-Set 1 Overall Percentage Verbal 
 

Intended DOK 
Verbal DOK 

0 1 2 3 4 Total 
1 0.00% 3.62% 4.07% 20.81% 2.26% 30.77% 
2 0.45% 1.36% 2.26% 24.89% 1.81% 30.77% 
3 1.81% 9.05% 3.62% 11.31% 4.98% 30.77% 
4 0.45% 0.45% 0.00% 1.81% 4.98% 7.69% 

Total 2.71% 14.48% 9.95% 58.82% 14.03% 100.00% 
 
 
 
Table E.3 
 
Reflective Task-Set 2 Overall Percentage Verbal 
 

Intended DOK 
Verbal DOK 

0 1 2 3 4 Total 
1 10.26% 2.99% 3.85% 12.39% 0.85% 30.34% 
2 11.97% 2.56% 3.42% 11.11% 1.71% 30.77% 
3 14.10% 3.42% 1.28% 10.26% 2.14% 31.20% 
4 0.00% 0.43% 1.71% 1.28% 4.27% 7.69% 

Total 36.32% 9.40% 10.26% 35.04% 8.97% 100.00% 
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Table E.4 
 
Exploratory Task-Set 2 Overall Percentage Verbal 
 

Intended DOK 
Verbal DOK 

0 1 2 3 4 Total 
1 0.48% 3.37% 8.65% 17.79% 0.48% 30.77% 
2 3.85% 8.17% 9.62% 9.13% 0.00% 30.77% 
3 6.25% 9.13% 1.92% 12.02% 1.44% 30.77% 
4 1.44% 2.88% 0.96% 1.44% 0.96% 7.69% 

Total 12.02% 23.56% 21.15% 40.38% 2.88% 100.00% 
 
 
 
Table E.5 
 
Difference in Proportions Tests of Association for Intended DOK vs. Verbal CD 
 

Task-set and discourse type χ 2 df p 
Task-Set 1 Reflective 42.8 12 < 0.001 
Task-Set 2 Reflective 64.4 12 < 0.001 
Task-Set 1 Exploratory 77.4 12 < 0.001 
Task-Set 2 Exploratory 45.4 12 < 0.001 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



145 
 
Table E.6  
 
Frequencies of Verbal CD Organized by Tasks and Discourse 
 

 Reflective  Exploratory  Overall 
Tasks 1 2 3 4  1 2 3 4  1 2 3 4 
Overall  68 42 168 34  81 66 214 37  149 108 382 75 

Task-Set 1 (H) 46 18 86 17  35 22 130 31  78 40 216 48 
Task-Set 2 (D) 22 24 82 21  49 44 84 6  71 68 166 27 

DOK 1 Tasks 25 14 55 4  15 27 83 6  40 41 138 10 
DOK 2 Tasks 22 17 58 8  20 25 74 4  42 42 132 12 
DOK 3 Tasks 19 5 45 11  39 12 50 14  58 17 95 25 
DOK 4 Tasks 2 6 10 15  7 2 7 13  9 8 17 28 

H1 (DOK 1) 4 1 11 0  0 0 14 3  4 1 25 3 
H2 (DOK 1) 2 3 10 1  0 3 14 0  2 6 24 1 
H3 (DOK 2) 1 1 8 4  0 0 13 4  1 1 21 8 
H4 (DOK 1) 7 1 3 0  2 3 11 1  9 4 14 1 
H5 (DOK 2) 2 1 13 0  0 4 13 0  2 5 26 0 
H6 (DOK 1) 5 0 2 1  6 3 7 1  11 3 9 2 
H7 (DOK 2) 10 1 5 0  2 1 14 0  12 2 19 0 
H8 (DOK 2) 3 6 6 0  1 0 15 0  4 6 21 0 
H9 (DOK 3) 4 0 5 1  3 2 8 2  7 2 13 3 
H10 (DOK 3) 4 1 5 2  6 3 3 5  10 4 8 7 
H11 (DOK 3) 1 0 5 3  7 0 7 3  8 0 12 6 
H12 (DOK 3) 2 1 6 0  4 3 7 1  6 4 13 1 
HF (DOK 4) 1 2 7 5  1 0 4 11  2 2 11 16 

D1 (DOK 1) 2 2 12 0  1 1 14 0  3 3 26 0 
D2 (DOK 2) 1 1 14 1  3 4 9 0  4 5 23 1 
D3 (DOK 3) 1 2 9 0  2 3 8 0  3 5 17 0 
D4 (DOK 2) 1 0 0 0  4 7 1 0  5 7 1 0 
D5 (DOK 1) 0 0 0 0  5 7 2 1  5 7 2 1 
D6 (DOK 1) 4 2 7 0  1 8 7 0  5 10 14 0 
D7 (DOK 1) 1 5 10 2  0 2 14 0  1 7 24 2 
D8 (DOK 2) 1 6 4 1  5 6 4 0  6 12 8 1 
D9 (DOK 3) 0 0 5 3  2 0 11 1  2 0 16 4 
D10 (DOK 3) 4 1 9 1  6 1 4 2  10 2 13 3 
D11 (DOK 2) 3 1 8 2  5 3 5 0  8 4 13 2 
D12 (DOK 3) 3 0 1 1  9 0 2 0  12 0 3 1 
DF (DOK 4) 1 4 3 10  6 2 3 2  7 6 6 12 

 
 
 
 
 
 



146 
 
Table E.7 
 
Chi-Square Tests of Independence for Verbal CD 
 

Task-set and discourse type 
Verbal Outcome  Chi Square 

CD < DOK CD ≥ DOK Total χ2 p 
Task-Set 1 (H)    19.933 <0.001 
 Reflective 80 128 208   
 Exploratory 42 179 221   
 Total 122 307 429   

Task-Set 2 (D)    4.953 0.026 
 Reflective 110 124 234   
 Exploratory 76 132 208   
 Total 188 256 442   

Both Task-Sets    22.825 <0.001 
 Reflective 190 252 442   
 Exploratory 118 311 429   
 Total 308 563 871   
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Appendix F 

Mathematical Discourse Contributions Quantitative Tables
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Table F.1 
 
Frequency of Coded Discourse Contribution Levels, Organized by Tasks and Discourse 
 

 Reflective  Exploratory 
Tasks 0 1 2 3 4  0 1 2 3 4 
Overall  511 1723 436 642 61  1066 2920 862 939 81 

Task-Set 1 (H) 218 709 101 242 26 
 

697 1870 557 665 69 
Task-Set 2 (D) 293 1014 335 400 35  369 1050 305 274 12 

DOK 1 Tasks 201 718 161 255 12 
 

450 1491 449 441 9 
DOK 2 Tasks 150 558 141 205 11  364 896 289 326 11 
DOK 3 Tasks 84 223 51 123 14  178 351 66 107 24 
DOK 4 Tasks 76 224 83 59 24  74 182 58 65 37 

H1 (DOK 1) 46 165 19 34 0 
 

149 580 181 174 6 
H2 (DOK 1) 18 50 15 24 1  43 103 48 36 0 
H3 (DOK 2) 38 69 17 54 10  68 164 53 80 10 
H4 (DOK 1) 9 38 0 3 0  36 72 21 28 1 
H5 (DOK 2) 18 87 7 35 0  94 210 74 73 0 
H6 (DOK 1) 5 15 1 8 1  26 40 4 19 1 
H7 (DOK 2) 12 47 2 7 0  56 134 29 37 0 
H8 (DOK 2) 15 70 10 11 0  65 214 60 101 0 
H9 (DOK 3) 8 21 1 8 1  21 42 7 14 4 
H10 (DOK 3) 10 28 1 8 2  32 85 13 15 10 
H11 (DOK 3) 5 9 0 12 4  32 57 6 18 3 
H12 (DOK 3) 3 12 2 9 0  13 34 11 11 1 
HF (DOK 4) 31 98 26 28 7  62 135 50 59 33 

D1 (DOK 1) 44 153 41 82 0 
 

114 402 116 126 0 
D2 (DOK 2) 50 168 60 62 1  42 93 52 24 0 
D3 (DOK 3) 38 76 34 29 0  48 84 22 20 0 
D4 (DOK 2) 1 1 0 0 0  5 9 2 0 0 
D5 (DOK 1) 0 0 0 0 0  2 8 1 2 0 
D6 (DOK 1) 14 64 14 29 0  40 106 43 15 1 
D7 (DOK 1) 53 222 64 71 5  42 190 40 42 0 
D8 (DOK 2) 19 48 26 11 1  17 37 14 6 0 
D9 (DOK 3) 5 27 3 15 4  7 25 1 23 1 
D10 (DOK 3) 13 42 5 35 1  10 15 4 5 5 
D11 (DOK 2) 8 74 25 29 4  17 37 7 5 1 
D12 (DOK 3) 0 9 0 2 0  15 7 0 1 0 
DF (DOK 4) 48 130 63 35 19  10 37 3 5 4 
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Table F.2 
 
Sub Codes of Mathematical Discourse Contributions for Intended DOK Levels 
 

Tasks 
Reflective  Exploratory 

1 2 3 4  1 2 3 4 
Organization 201 150 84 76  450 364 178 74 

14.9% 14.1% 17.0% 16.3%  15.8% 19.3% 24.5% 17.7% 
 Action 201 150 84 76  450 364 178 74 

14.9% 14.0% 16.9% 16.3%  15.8% 19.3% 24.5% 17.7% 
Minimal 718 558 223 224  1491 896 351 182 

53.3% 52.3% 45.0% 48.0%  52.5% 47.5% 48.3% 43.7% 
 Calculations 

 
112 54 31 2  358 196 28 0 

8.3% 5.0% 6.2% 0.4%  12.6% 10.3% 3.8% 0% 
 Recall Facts 51 49 15 40  199 171 80 34 

3.7% 4.6% 3.0% 8.5%  7.0% 9.0% 11.0% 8.1% 
 State 

Problem 
 

377 328 127 145  664 392 196 126 

27.9% 30.8% 25.6% 31.1% 
 

23.3% 20.7% 27.0% 30.2% 
 Agreement 178 127 50 37  270 137 47 22 

13.21% 11.92% 10.10% 7.94%  9.51% 7.26% 6.47% 5.29% 
Considerable 161 141 51 83  449 289 66 58 

11.9% 13.2% 10.3% 17.8%  15.8% 15.3% 9.0% 13.9% 
 New 

Strategy 
144 132 47 81  406 266 60 52 

10.6% 12.3% 9.4% 17.3%  14.3% 14.1% 8.2% 12.5% 
 Efficient 

Strategy 
17 9 4 2  43 23 6 6 

1.2% 0.8% 0.8% 0.4%  1.5% 1.2% 0.7% 1.4% 
Substantive 255 205 123 59  441 326 107 65 

18.9% 19.2% 24.8% 12.6%  15.5% 17.2% 14.7% 15.6% 
 Generalize 

 
21 3 2 3  23 6 2 1 

1.5% 0.2% 0.4% 0.6%  0.8% 0.3% 0.2% 0.2% 
 Justify 98 126 75 34  183 166 62 31 

7.2% 11.8% 15.1% 7.3%  6.4% 8.8% 8.5% 7.4% 
 Counter 136 76 46 22  235 154 43 33 

10.1% 7.1% 9.2% 4.7%  8.2% 8.1% 5.9% 7.9% 
Extended 12 11 14 24  9 11 24 37 

0.8% 1.0% 2.8% 5.1%  0.3% 0.5% 3.3% 8.8% 
 Connect 

Contexts 
11 9 3 12  6 8 12 5 

0.8% 0.8% 0.6% 2.5%  0.2% 0.4% 1.6% 1.2% 
 Multiple 

Sources 
1 2 11 12  3 3 12 32 

0.1% 0.2% 2.2% 2.5%  0.1% 0.1% 1.6% 7.6% 
Note. Percentage out of 100 for each column. 
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Table F.3  

Percentage Discourse Contribution Order by DOK Level 

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 30.00% 15.71% 51.43% 2.86% 
DOK2 21.79% 17.95% 55.13% 5.13% 
DOK3 30.51% 6.78% 45.76% 16.95% 
DOK4 4.35% 21.74% 30.43% 43.48% 

 

 

Table F.4 

Percentage Discourse Contribution Priority by DOK Level 

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 14.29% 10.71% 67.86% 7.14% 
DOK2 19.23% 11.54% 53.85% 15.38% 
DOK3 5.26% 5.26% 84.21% 5.26% 
DOK4 0.00% 12.50% 37.50% 50.00% 

 

 

Table F.5  

Percentage Discourse Contribution Together by DOK Level 

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 8.51% 6.38% 78.72% 6.38% 
DOK2 5.26% 7.02% 80.70% 7.02% 
DOK3 18.31% 8.45% 53.52% 19.72% 
DOK4 4.76% 4.76% 28.57% 61.90% 
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Table F.6  

Percentage Discourse Contribution Side-by-Side by DOK Level 

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 4.65% 4.65% 86.05% 4.65% 
DOK2 5.00% 25.00% 70.00% 0.00% 
DOK3 28.57% 14.29% 57.14% 0.00% 
DOK4 0.00% 0.00% 0.00% 0.00% 

 

 

Table F.7  

Percentage Discourse Contribution Split Up by DOK Level 

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 5.00% 60.00% 35.00% 0.00% 
DOK2 28.57% 35.71% 35.71% 0.00% 
DOK3 42.86% 14.29% 42.86% 0.00% 
DOK4 0.00% 0.00% 0.00% 0.00% 

 

 

Table F.8  

Percentage Discourse Contribution Take Over DOK Level  

 Mathematical Discourse Contributions 
Intended DOK Minimal Considerable Substantive Extended 
DOK1 44.44% 44.44% 11.11% 0.00% 
DOK2 47.62% 23.81% 28.57% 0.00% 
DOK3 75.00% 15.00% 10.00% 0.00% 
DOK4 75.00% 12.50% 12.50% 0.00% 
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Table F.9  

Percentage Written CD Order by DOK Level 

 Written Cognitive Demand 
Intended DOK CD1 CD2 CD3 CD4 
DOK1 30.00% 15.71% 51.43% 2.86% 
DOK2 21.79% 17.95% 55.13% 5.13% 
DOK3 30.51% 6.78% 45.76% 16.95% 
DOK4 4.35% 21.74% 30.43% 43.48% 

 

 

Table F.10 

Percentage Written CD Priority by DOK Level 

 Written Cognitive Demand 
Intended DOK CD1 CD1 CD1 CD1 
DOK1 14.29% 10.71% 67.86% 7.14% 
DOK2 19.23% 11.54% 53.85% 15.38% 
DOK3 5.26% 5.26% 84.21% 5.26% 
DOK4 0.00% 12.50% 37.50% 50.00% 

 

 

Table F.11  

Percentage Written CD Together by DOK Level 

 Written Cognitive Demand 
Intended DOK CD1 CD1 CD1 CD1 
DOK1 8.51% 6.38% 78.72% 6.38% 
DOK2 5.26% 7.02% 80.70% 7.02% 
DOK3 18.31% 8.45% 53.52% 19.72% 
DOK4 4.55% 4.55% 27.27% 63.64% 
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Table F.12  

Percentage Written CD Side-by-Side by DOK Level 

 Written Cognitive Demand 
Intended DOK CD1 CD1 CD1 CD1 
DOK1 4.65% 4.65% 86.05% 4.65% 
DOK2 5.00% 25.00% 70.00% 0.00% 
DOK3 28.57% 14.29% 57.14% 0.00% 
DOK4 0.00% 0.00% 0.00% 0.00% 

 

 

Table F.13  

Percentage Written CD Split Up by DOK Level 

 Written Cognitive Demand 
Intended DOK CD1 CD1 CD1 CD1 
DOK1 5.00% 60.00% 35.00% 0.00% 
DOK2 28.57% 35.71% 35.71% 0.00% 
DOK3 42.86% 14.29% 42.86% 0.00% 
DOK4 0.00% 0.00% 0.00% 0.00% 

 

 

Table F.14  

Percentage Written CD Take Over DOK Level  

 Written Cognitive Demand 
Intended DOK CD1 CD1 CD1 CD1 
DOK1 44.44% 44.44% 11.11% 0.00% 
DOK2 47.62% 23.81% 28.57% 0.00% 
DOK3 75.00% 15.00% 10.00% 0.00% 
DOK4 75.00% 12.50% 12.50% 0.00% 
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