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CHANGES IN ELEMENTARY MATHEMATICS TEACHERS’ UNDERSTANDING 
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MATHEMATICAL PERFORMANCE TASKS 

Thad Spencer Jamieson, Ph.D. 
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Dissertation Director: Dr. Margret Hjalmarson 

 

The use of mathematics performance tasks can provide a window into how a student is 

applying mathematics to various situations, how they are reasoning mathematically and 

how they are applying conceptual knowledge through problem solving and critical 

thinking.  The purpose of this study was to investigate, according to the elementary 

mathematics teacher leaders (EMTLs), the processes that support or hinder their 

understanding of high cognitive demand as they adapt, create, and implement 

mathematical performance tasks connected to a summer curriculum project.  This study 

explores the following questions: (a) How do elementary mathematics teacher leaders 

define their understanding of a high cognitive demand mathematical performance task 

before and after participating in professional development?  (b) How do elementary 

mathematics teacher leaders interpret high cognitive demand mathematics performance 

task when adapting and creating tasks?  (c) How do elementary mathematics teacher 
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leaders’ understandings of high cognitive demand mathematics performance task change 

after their students solve mathematics performance task?  The analysis of the data from 

this study was attained from three surveys, EMTLs’ evaluations of two mathematical 

tasks, observations and audio recordings of the EMTLs’ vetting sessions, and through 

their reflections and interviews after implementation of the tasks with students.  Analysis 

of the data indicated that the EMTLs understanding of high cognitive demand 

mathematics performance task changed in regards to adapting, creating, and 

implementing the performance tasks.  Implications for this study include the need for 

continued research around the content knowledge for teaching mathematics for 

mathematics teacher leaders, leading professional development, task creation, and school 

districts. 

Keywords: Cognitive demand, Mathematics, Performance tasks, Teacher 

leadership 
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Chapter One 

There has been an impetus for a change in how the United States teaches 

mathematics in K-12.  This change has been highlighted in numerous ways, whether it is 

from international exams like the Trends in International Mathematics and Science Study 

(TIMSS) where the U.S. is being outperformed by many other nations or in mathematics 

publications like the Principles and Standards for School Mathematics (National Council 

of Teachers of Mathematics [NCTM], 1989, 2001) and Common Core State Standards 

for Mathematics [CCSSM] (2010).  The call for change has also been heard through 

federal policy like the No Child Left Behind Act [NCLB] (2001) and by the National 

Mathematics Advisory Panel [NMAP] (2008). The call for change is clear and there has 

been a movement in the academic world to bring about this reform and how best we 

should be preparing teachers with teaching and learning mathematics. 

Currently, students, teachers, schools, districts, and states are being held 

accountable by the federal government and state governments for their success in 

mathematics (NCLB, 2001).  Determining this success is often by means of an annual 

standardized test in mathematics.  The standardized tests mandated by the federal 

government through NCLB, do not fully measure the types of skills associated with 

preparing students for life after high school (Partnership for 21st Century Skills, 2006).  
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Often the standardized tests focus on only one part of the mathematics, the procedural, 

skills-based content. 

The change that is being called for by mathematical organizations, like NCTM, 

and the federal government, like NMAP, focuses on both mathematics content and 

mathematics practices.  It is important for teachers to understand not only the 

mathematical content but also the mathematical practices.  NCTM’s Process Standards 

focus on problem solving, reasoning and proof, communication, connections, and 

representation (NCTM, 1989, 2000).   These standards highlight how students should use 

and gain content knowledge.  In my study, the teachers will be creating mathematics 

performance tasks that focus on the NCTM’s Process Standards.  Problem solving allows 

students’ opportunities to strengthen and extend mathematical ideas (NCTM, 2000).  The 

focus for problem solving is that it allows students to develop a deeper understanding of 

the mathematics and that they are able to apply and adapt students thinking to meet 

different needs.  Reasoning and proof focuses on students making and investigating 

mathematical conjectures (NCTM, 2000).  Teachers are able to assist students with 

building the mathematics connections by asking students to prove or explain what they 

are thinking and why they think they are correct (NCTM, 2000).  Reasoning and proof 

also encourages students to develop and evaluate mathematical statements and 

justification (NCTM, 2000). Communication is being able to communicate mathematical 

ideas to assist students in organizing thoughts and helps them to be able to coherently 

explain to others.  Communication is a form of reflection (NCTM, 2000).  Connections in 

mathematics allow students to build and understand how mathematics is interconnected.  
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Representation allows students to model and interpret mathematical ideas in the real 

world (NCTM, 2000).  The standards-based curricula developed by National Science 

Foundation (NSF) funded projects focused on NCTM’s process standards along with the 

idea of exploring mathematics in real life problems (Senk & Thompson, 2003). 

In Adding It Up: Helping Children Learn Mathematics, the National Research 

Council [NRC] (2001) described mathematics understanding as intertwined strands of 

proficiency called Mathematical Proficiency.  The NRC recommended strands are as 

follows: adaptive reasoning, strategic competence, conceptual understanding, productive 

disposition, and procedural fluency (NRC, 2001). The Standards for Mathematical 

Practice (CCSSM, 2010) explains the expertise that mathematics educators seek to 

develop in their students.  The Standards for Mathematical Practices are: make sense of 

problems and persevere in solving them, reason abstractly and quantitatively, construct 

viable arguments and critique the reasoning of others, model with mathematics, use 

appropriate tools strategically, attend to precision look for and make use of structure, and 

look for and express regularity in repeated reasoning (CCSSM, 2010). For the purpose of 

this study, NCTM’s (1989) Process Standards, NRC’s (2001) Mathematical Proficiency, 

and the CCSSM Standards for Mathematical Practices (2010) have each been included 

when discussing what students are able to accomplish.  The term mathematical practices 

will be used to refer to all three standards, proficiency, and practice methods. 

In summary, the movement to change how the United States teaches mathematics 

in K-12 is at a critical point in terms of how we prepare and support these teachers.  It is 

this movement that is at the forefront in driving instructional change.  While 
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mathematical organization, like NCTM, suggests that there is a need for change, there is 

still little discussion about where to begin when thinking about instruction.  The need to 

improve mathematics instruction is evident but how best to improve it is still being 

decided.  A first step is to examine the professional development in preparing teachers in 

what is quality mathematics instruction. 

Background of the Problem 

To assist in understanding mathematics instruction, it is important to examine the 

roles that teacher knowledge of content and curriculum materials play during instruction.  

According to Cohen, Raudenbush, and Ball (2003) and Stein, Remillard, and Smith 

(2007), it is these two instructional components that can contribute to quality instruction.  

Both teacher knowledge and curriculum materials are considered critical for teaching 

mathematics (Ball & Cohen 1996; Cohen et al. 2003).  It is these critical instructional 

components that can assist in creating quality instruction (Remillard, 2005; Stein, 

Remillard & Smith. 2007).  The National Research Council suggested that to improve 

mathematical understanding is to have students taught by effective and qualified teachers.   

Teacher knowledge.  It is imperative to develop mathematics instruction to meet 

the needs of all students. It is also important to improve teachers' understanding of the 

mathematical content and pedagogy for the mathematics that they are teaching.  This idea 

is supported by the research from Ball and Cohen (1996) and then later by Davis and 

Krajcik (2005) in which curriculum materials can support teachers’ own mathematical 

understanding.  It is through these materials that teachers can understand mathematical 

significance of tasks as well as understand how students might respond (Stein & Kim, 
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2009).  “Improving students’ learning depends on the capabilities of classroom teachers” 

(National Research Council [NRC], 2001), p. 12).  Being an effective mathematics 

teacher takes an understanding of the content, learners' development, and pedagogy 

required to teach that content (NCTM, 2000). Improving students’ understanding in 

mathematics is the art to being an effective mathematics teacher. 

Curriculum materials.  For students to achieve in mathematics at the highest 

academic levels it is important for teachers to have a deep understanding of mathematics 

content and the most effective methods of teaching mathematics since “Effective 

mathematics teaching requires understanding what students know and need to learn and 

then challenging and supporting them to learn it well” (NCTM 2000, p.16). 

It is imperative to have teachers instruct using the most effective pedagogy and 

process (Shulman, 1986).  Teachers use many ideas, strategies, and materials to help 

facilitate the mathematics content students need to learn.  The use of curriculum materials 

has been the status quo for instructing students in mathematics over the last century 

(Stein & Kim, 2009).  The use of these curriculum materials and how they support 

teachers’ instruction will help to ensure students’ understanding in mathematics and also 

can develop a deeper understanding for the teachers as well. 

Curriculum materials have been perceived, understood, and instructed in multiple 

ways by teachers; and it is through this interaction that allows researchers to focus on 

teacher understanding (Barab & Luehmann, 2003; Davis & Krajcik, 2005; Remillard, 

2005).  The implementation of curriculum materials is difficult because it assumes that 

everything a teacher needs to know is embedded within the resource and that the design 
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of the curriculum materials is understandable for all teachers (Lloyd, Remillard, & 

Herbel-Eisenmann, 2009).  The curriculum material alone cannot control for all these 

decisions.  Lloyd (1999) also suggests that the pedagogical decisions teachers make are 

based on experience and beliefs.  Experience, beliefs, and interpretation are a wide range 

of issues that can cause misconceptions in teaching and learning mathematics for students 

and teachers.  This suggests that curriculum materials present a challenge for teachers for 

a number of reasons from how they interact with it but also if they are learning from it. 

When choosing curriculum materials, there is a need to examine the impact of the 

materials on teachers’ learning.  It is imperative to have teachers instruct using the most 

effective mathematics content and process (Shulman, 1986).  Curriculum materials can 

have an impact that should be considered when deciding which curriculum a state, 

district, or school uses for its teachers and students.  If the schools have curriculum that 

do not support its teachers then how are they expected to make sure they have students 

performing at their highest academic levels?  Having curriculum material that supports 

teachers’ mathematics instruction is central to have successful learning. 

Mathematics performance tasks and cognitive demand.  The call for 

reforming education and incorporating 21st century skills in the curriculum is changing 

the expected role of the teacher from dispenser of knowledge to an engineer of learning 

where students grapple with mathematical problems and construct their own 

understandings (Stein, Engle, Smith, & Hughes, 2008).  Children will inhabit a world 

where they need to know “how to frame problems for themselves, how to formulate plans 

to address them, how to assess multiple outcomes, how to consider relationships, how to 
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deal with ambiguity, and how to shift purposes in light of new information” (Eisner, 

1999, p. 658).  Mathematical performance tasks are one means in which educators can 

provide students with opportunities to engage in problem solving and to develop the 

listed skills. 

To support the development of these skills teachers need to provide opportunities 

for students to engage in this type of problem solving.  This type of problem solving calls 

for teachers to utilize high cognitive demand tasks that will strengthen and stretch their 

students understanding of mathematics.  An issue is that these high-level cognitively 

demanding tasks are challenging not only for students but also on the teachers who 

implement them (Stein et al., 1996).  The teachers not only struggle with providing 

opportunities for these tasks but also with the scaffolding that they use in supporting their 

students.  Research suggests that when teachers use mathematical tasks in their 

classroom, they diminish the cognitive demand of the task for various reasons (Boston & 

Smith, 2009; Smith, Bill, & Hughes, 2008; Stein, Engle, Smith, & Hughes, 2008). 

Purpose/ Research Questions 

The purpose of this study was to investigate, according to the elementary 

mathematics teacher leaders’ (EMTLs) their processes that support or hinder their 

understanding of high cognitive demand as they adapt, create, and implement 

mathematical performance tasks during a summer curriculum project.  EMTLs are 

individuals who have taken additional mathematics courses to further their understanding 

in both mathematics content and pedagogy.  The amount and type of coursework range 

from those that have a master’s level endorsement as a mathematics specialist to those 
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that have taken district courses and additional trainings that prepares them to be a district 

mathematics leader.  The EMTLs participated in a two week summer curriculum project 

that will focus on creating and adapting mathematical tasks to be utilized with the 

districts’ students in coming school year.  In this study EMTLs were asked to bring in a 

mathematical performance task that they believe demonstrates high cognitive demand.  

The EMTLs were also asked to write a justification as to why they thought their tasks 

represented high cognitive demand.  The EMTLs then took part in a two professional 

development conducted by district’s mathematics office and the researcher that focused 

on high cognitive demand and how it is used mathematics performance tasks.  During the 

two weeks the EMTLs modified, revised, and created mathematics performance tasks 

based on the district’s mathematics standards.  The goal for this summer curriculum 

project was to create mathematics performance tasks that have a high level of cognitive 

demand.  The EMTLs met in small grade level groups to vet their tasks using a rubric to 

determine if the task maintained a high cognitive demand.  At the end of the two week 

summer curriculum project the EMTLs were given a survey to help me as the researcher, 

determine how their understandings might have changed.  Later in the fall of the same 

school year the EMTLs were asked to administer two of the tasks with their class from 

the summer curriculum project.  Between each administration, each of EMTLs were to 

write a short reflective narrative about the mathematics performance tasks they 

administrated by answering questions that focused on what was successful and/or 

hindered the task and its intended level cognitive of demand versus its enacted level 
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cognitive of demand.  Next, a selected group of EMTLs were interviewed by the 

researcher based on the data collected during the study. 

This study is guided by the following research questions: 

a) How do elementary mathematics teacher leaders define their 

understanding of a high cognitive demand mathematical performance 

task before and after participating in professional development? 

b) How do elementary mathematics teacher leaders interpret high 

cognitive demand mathematics performance task when adapting and 

creating tasks? 

c) How do the elementary mathematics teacher leaders’ understandings of 

high cognitive demand mathematics performance task change after 

implementing mathematics performance task? 

Significance of Problem 

In order to address pedagogical shifts, it is necessary to know more about high 

cognitive demand mathematics performance tasks.  Examining the curriculum materials 

mathematics teachers’ are given by their district gives us an understanding around how 

teachers intend to use and implement it with their students.  Even when curriculum 

materials and performance tasks are used in the classroom, it does not guarantee that 

these tasks will improve students’ understanding.  It is difficult for teachers to implement 

curriculum materials in the classroom because teachers change the cognitive demand of 

the task when they implement it (Boston & Smith, 2009).  The fidelity of the curriculum 

materials could be in question when students engage with a task.  In other words, teachers 
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tend to use a mathematics performance task, that maybe otherwise open-ended, and 

change it in such a way that they teach a mathematical procedure and/or they diminish 

the tasks cognitive demand.  Smith, Bill and Hughes (2008) contend that teachers have 

difficulty implementing high-cognitive performance tasks because the tasks are designed 

to have multiple solution paths and teachers are challenged to understand all these 

solutions, think about the relationship these solutions have, and connect those solutions to 

the objective/goal of the lesson. 

Focusing on teachers’ understandings of mathematics curriculum and how they 

intend to implement it, how they understand high cognitive demand, and their 

understanding of the mathematical practices, will inform how or why teachers’ enactment 

becomes problematic.  By exploring the thinking processes the EMTLs undergo and 

change during the project when adapting or creating mathematical performance tasks and 

then implementing those tasks in their classrooms, can assist in how teachers utilize 

cognitive demand. 

Definition of Terms 

Enacted curriculum. Is the mathematics lesson that transpired in the classroom. 

High cognitive demand.  Something that requires some degree of cognitive 

effort, meaning that students need to engage with conceptual ideas that underlie the 

procedure in order to complete the task (Boston & Smith, 2009). 

Intended curriculum.  Is the teachers’ plan for how the mathematics instruction 

will take place during the lesson. 
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Mathematics curriculum.  Is the mathematics materials, electronic and/or print, 

that are designed to be use by teachers to help instruct students. 

Mathematics performance tasks.  Is a set of problems or single complex 

problem that focuses students’ attention on a particular mathematical idea(s) (Stein, 

Grover, & Henningsen, 1996). 

Pedagogical content knowledge.  “The blending of content and pedagogy into an 

understanding of how particular topics, problems, or issues are organized, represented, 

and adapted to the diverse interests and abilities of learners, and presented for 

instruction” (Shulman, 1987, p. 8). 

Written curriculum. Is the actual mathematics materials in print or digital 

format. 
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Chapter Two 

The purpose of this study was to investigate, according to the elementary 

mathematics teacher leaders’ (EMTLs) their processes that support or hinder their 

understanding of high cognitive demand as they adapt, create, and implement 

mathematical performance tasks during a summer curriculum project.  It is important to 

consider the mathematics content and curriculum and the factors of high cognitive 

demand tasks when examining EMTLs understanding of mathematics.  While these two 

factors only examine a small portion of teachers’ effective mathematics practice, they are 

both major contributors to students’ understanding.  Research supports that “(t)eacher 

quality is the single most important factor in determining the success of children in 

school, more than race, poverty, or any other outside influences” (The Education Trust, 

2003, p. 2). 

When examining mathematics curriculum it is important that there is a shared 

understand in how this term will be used throughout this study.  Curriculum as defined by 

Stein, Remillard, and Smith (2007), are the material resources designed to be used in 

classrooms by teachers including both textbook and other educational documents.  It will 

be critical to understand that the word curriculum has multiple meanings and for this 

study it will be referred to as mathematics materials, electronic and/or print, that are 

designed to be used by teachers to help instruct students.  Examples of curricula materials 
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are textbooks, state and district standards, pacing guides, and mathematics’ scope and 

sequences.  While written curriculum has been around for well over a hundred years, this 

study will only be concentrating on the mathematics curriculum in the past thirty years.   

Mathematics Curriculum 

The three phases (Figure 1) of Stein, Remillard, and Smith (2007) examine the 

influence curriculum has on student learning.  The written curriculum highlights the 

actual materials in print or digital format.  The intended curriculum is the teachers’ plan 

for how the instruction will take place.  The enacted curriculum is what actually 

transpires in the classroom.  For this study it is important to understand each of these 

different phases but the main focus will be examining the written and intended curricula. 

 
 
 

 
 
Figure 1. Phases of Curriculum (Stein, Remillard, & Smith, 2007, p. 322). 

 
 
 

The three different phases of curriculum gives us a framework to examine how 

previously teachers’ utilize the enacted curriculum by interacting with the materials, how 

that interaction plays out in the mathematics classroom, and how the curriculum 
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influences student and teacher learning.  Examining previous research around teachers’ 

interaction with the written, intended, and enacted curricula will assist in better 

understanding how it can influence teacher and students understanding.  It is through 

these different phases that a clearer picture will develop that will highlight the need to 

have highly effective mathematical tasks with a high cognitive demand. 

Written Curriculum 

The written curricula are the materials in print or electronic format.  These 

materials are textbooks, state and district standards, and state, district, or school guides.  

The written curricula assist in supplying teachers with the mathematics content they need 

for instruction. 

Elementary mathematics content.  Understanding what the mathematics content 

is gives a structure around the mathematics needed for teaching and learning.  Research 

suggests that content knowledge needs to be developed to have effective teaching but 

there is limited evidence to suggest what content and in what order should be the focus.  

The National Mathematics Advisory Panel (NMAP, 2008) examined the issue of teacher 

content knowledge.  Its report states: 

Research on the relationship between teacher’s mathematical knowledge 

and students’ achievement confirms the importance of teacher’s content 

knowledge.  It is self-evident that teachers cannot teach what they do not 

know.  However, because most studies have relied on proxies for teachers’ 

mathematical knowledge (such as teacher certification or courses taken), 

existing research does not reveal the specific mathematical knowledge and 
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instructional skill needed for effective teaching, especially at the 

elementary and middle school level. (NMAP, 2008, p.xxi) 

This means that while it is important for teachers to have strong content knowledge in 

general, it is as equally important, to identify what content knowledge teachers need.  To 

help frame the mathematics content that teachers need, this study will examine two 

seminal resources: NCTM’s (2000) Principles and Standards for School Mathematics 

and the CCSSM (2010). 

The NCTM (1989, 2000, 2007) publications focused on six different but 

interrelated mathematics content strands: Number and Operations, Algebra, Geometry, 

Measurement, and Data Analysis and Probability.  These mathematics strands are the 

foundation and highlight the mathematical content that students from preK-8 should 

learn.  “To be effective, teachers must know and understand deeply the mathematics they 

are teaching and be able to draw on that knowledge with flexibility in their teaching 

tasks” (NCTM, 2000, p. 17).  NCTM does not state which content strand is more 

important, but they did view number and operation as the foundation for learning 

mathematics for students.  NCTM also does not answer the question of how to assess 

what content is needed for teachers and what are the best ways to get teachers that 

knowledge. 

CCSSM (2010) are standards developed through research-based learning 

progressions.  The CCSSM (2010) are designed to assist students as they develop the 

knowledge and skills students need to be prepared for mathematics in college, career, and 

life are woven throughout the mathematics standards.  Like the NCTM standards, the K-5 
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content focus is around the following standards: operation and algebraic thinking, number 

and operation (rational numbers), measurement and data, and geometry.  The 

mathematical standards of statistics and probability are added in grade 7 and grade 8. 

Teachers’ content knowledge.  Research around teachers’ mathematical 

pedagogy is often mixed with the area of content knowledge.  This makes sense since the 

content of mathematics is taught by using these mathematical practices.  Shulman (1986) 

first described pedagogical content knowledge.  This type of knowledge is the content 

understanding that teachers need for teaching.  This section will focus on the content and 

practices of teaching mathematics.  This focus highlights the major components teachers 

need when helping their students become proficient mathematical thinkers.  Examining 

the research around students’ mathematics reasoning and teachers understanding of the 

mathematics curriculum materials will shed light on teachers’ pedagogy and content 

knowledge.  It is important to consider that teachers’ confidence will increase as content 

knowledge and pedagogical content knowledge increases, in turn it will cause students’ 

confidence in their efforts to increase and that will increase the teachers’ confidence 

(Guskey, 2002). 

Carpenter, Fennema, and Franke (1996) examined how understanding of students' 

thinking can provide coherence to teachers' pedagogical content knowledge and their 

knowledge of subject matter, curriculum, and pedagogy. They had prospective teachers 

look at models of students’ thinking.  Through the students’ interpretations of 

mathematical models, the teachers determine the conceptual and procedural mathematical 

knowledge.  The study focused on the teachers’ pedagogical content knowledge and 
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concluded that understanding students' thinking provides teachers a chance to think about 

their own mathematical knowledge more clearly. 

Ma (1999) examined a comparison between U.S. teachers and Chinese teachers’ 

content knowledge at the elementary level.  The U.S. teachers were considered to be 

above average in procedural understanding, while the majority of the Chinese teachers 

had procedural understanding along with conceptual understanding (Ma, 1999).  Ma 

(1999) focused on how Chinese teachers acquired knowledge of mathematics.  The 

Chinese teachers learn the content from studying curriculum material.  The curriculum 

materials that the Chinese teachers focused on had three components: the Teaching and 

Learning Framework, textbooks, and the teacher manuals (Ma, 1999, p.130).  The 

curriculum material focuses on the ideas of procedural understanding and conceptual 

understanding.    

Davis and Krajcik (2005) examined K-12 curriculum materials that promotes 

teacher learning.  Davis and Krajcik’s (2005) heuristic focused on the different aspects of 

support curriculum materials provide for teachers.  They list nine supports: 

1. Engaging Students with Topic-Specific Phenomena 

2. Using Instructional Representations 

3. Anticipating Understanding, and Dealing with Students’ Ideas 

4. Engaging Students Questions 

5. Engaging Students with Collecting Data 

6. Engaging Students in Designing Investigations 

7. Engaging Students in Making Explanations Based on Evidence 
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8. Promoting Communication 

9. Development of Subject Matter Knowledge (Davis & Krajcik, 2005 

pp. 10-11) 

Their study was based in science but the same heuristics can be applied to the 

field of mathematics education.  The ninth heuristic focuses on the idea of content 

knowledge and how the curriculum materials need to support the factual and conceptual 

knowledge of the content.  Davis and Krajcik’s (2005) suggest that the development of 

subject matter knowledge is a critical piece in understanding teacher knowledge. 

Like Davis and Krajcik (2005), McDuffie and Mather (2009) focused on 

pedagogical reasoning in mathematics curriculum materials.  Their study examined how 

curriculum materials were used in planning, implementation, and reflected on by the 

teachers. The study included two grade seven teachers and one of the researchers.  The 

study used lesson study and video clubs to meet, research the lesson, enact the lesson that 

was video recorded, and analyze the videotaped lesson (McDuffie & Mather, 2009).  The 

research lessons happened in three different cycles throughout one school year.  The 

analyses of the data suggest that the interaction of the lesson cycles increased the teachers 

understanding for the mathematics content and how best to teach mathematics to students 

(McDuffie & Mather, 2009).   

Shechtman, Roschelle, Haertel, and Knudsen (2010) suggested that it is probable 

that the practice of teaching along with the content knowledge of the teacher matters 

more in the outcomes of students than just teacher content knowledge alone.  They 

suggest that the content knowledge of teachers alone did not effectively increase 
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students’ achievement and that it appears that more research in the blending of content 

and process needs to be researched. 

Several studies (Davis & Krajcik, 2005; McDuffie & Mather, 2009; Shechtman, 

Roschelle, Haertel, & Knudsen 2010) considered teachers’ pedagogy and content 

knowledge for mathematics using different methods but came to similar conclusions.  

They suggested subject matter knowledge is a critical part in understanding teacher 

knowledge and that by examine what teachers do in classrooms might improve student 

understanding.  It is important for teachers to understand how students’ think and reason 

through their mathematics.  To develop this deeper understanding of students thought 

process the teachers’ need to have a deeper understanding of content. 

Measures of teachers’ content knowledge.  There are studies that indicate some 

success in developing measures of teachers’ knowledge.  This is often referred to as 

teachers’ knowledge for teaching mathematics (Ball, & Miller, 2001;Hill & Ball, 2004; 

Hill, Schilling, & Ball, 2004; Hill, Rowan, & Ball, 2005; Rowan, et al. (2001) 

investigated content knowledge for teaching mathematics with multiple-choice questions.  

They concluded that it is difficult to measure the full range or understanding of teacher 

knowledge.  Hill, Ball, and Schilling (2004), examined how to measure content 

knowledge of teachers in elementary schools.  Their focus was on identifying what and 

how subject matter knowledge is required for teaching.  Given that the K-6 curriculum is 

broad, the focus was on the mathematical strand of number concepts and operations.  The 

findings from this research suggest that the focus on content knowledge needs to be not 

on how much mathematics the teacher knows, but on how a teacher has mathematical 
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knowledge and uses that knowledge in improving students’ mathematical development 

(Hill, Ball, & Schilling, 2004).  Another approach was to identify teachers’ content 

knowledge by assessing teachers through the use of a multiple-choice assessment.  The 

teachers’ performance on the test was then correlated to see if the teachers’ scores 

indicated how well the teachers’ students learned mathematics (Hill, Ball, Blunk, 

Goffney, & Rowan, 2007).  Hill et al. (2007) investigated the idea of teacher knowledge 

being tied to student achievement and suggested that if teachers have strong mathematical 

knowledge then students should achieve.  The focus of the research was on student and 

teacher participants from the first and third grades by using longitudinal data from the 

Study of Instructional Improvement. The assessment for teachers was based on the 

mathematical standards set forth by the NCTM.  Hill et al. (2007), suggest that teachers 

who performed at the top quartile on the mathematics assessment added two to three 

weeks of instructional time on students’ gain scores.  While the idea of having an 

assessment that could help identify possible teacher performance is exciting, it also could 

be only one factor in the improvement of students’ performance. 

Developing teachers’ content and pedagogy understanding.  The development 

of how teachers are prepared to teach mathematics gives background to this study by 

focusing on what it is mathematics teachers should already know and how best do they 

learn it.  The fact is without properly prepared teachers, how can we have properly 

prepared students.  This section examines effective practices for developing teachers’ 

understanding of mathematics content and pedagogy. 
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To assist in identifying effective practices for developing teachers, we need to 

start by examining the curriculum materials and how they are used.  Rowland, Huckstep, 

and Thwaites (2005), used videotapes to record pre-service teacher teaching in a yearlong 

student teaching experience as they examined both the content and pedagogy in the 

mathematics teaching.  Through this study the authors utilized a framework for observing 

lessons using four units: foundation, transformation, connection, and contingency 

(Rowland et al. 2005).  The Rowland et al. (2005) study indicated that while the 

framework was a benefit to help understand teachers’ content and pedagogy in 

mathematics, there are other factors to take into account.  This study highlighted that 

when looking at teachers’ content and pedagogy in a classroom environment, there are 

other school constraints in place.  These constraints can negatively affect a teachers’ 

ability to teacher effectively. 

Similar to Rowland et al. (2005), Ball, Sleep, Boerst, and Bass (2009), used video 

recordings, instructional tasks, and assessment to gather data on effective practices for 

teaching mathematics.  Ball et al. (2009) examined two different problems, the lack of a 

shared curriculum for the preparation of teachers and opportunities to learn how to teach 

this curriculum.  Ball et al. (2009) suggested that if a shared curriculum and a focus on 

teaching practice are highlighted, then positive results in teacher learning can take place. 

While the first part of written curriculum examines the elementary mathematics 

content, teachers’ content knowledge for mathematics, identifying teacher content 

knowledge, and developing teacher content and pedagogy understanding, this study 
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would be remised if there was not a section including standards-based curriculum and its 

impact on developing teachers’ content and pedagogy understanding. 

Standards-based curricula.  To better understand how standards-based 

curriculum supports teachers with their understanding, we need to look at how it is 

different from traditional curricula.  Stein, Remillard, and Smith (2007) suggested that 

there are three differing points between standards-based curricula and traditional 

curricula: order, balance, and organization.  Standards-based curricula’s order and 

presentation manner are different than traditional curricula.  The order of traditional 

curricula tends to rely on direct instruction models (Stein, Remillard, & Smith 2007).  

Standards-based curricula are designed with a focus on student engagement when 

surrounded by a mathematical task.  Balance in traditional curricula is often times heavy 

in procedures where a standards-based curriculum focuses on concept development 

(Stein, Remillard, & Smith 2007).  The organization of traditional curricula is focused on 

a spiral were content is learned in a specified sequence, while a standards-based 

curriculum is modular and is learned in big mathematical ideas (Stein, Remillard, & 

Smith 2007). Understanding the difference between traditional curricula and standards-

based curricula will assist in understanding how this curricula material supports teachers. 

Mathematics teachers rely on curriculum materials as their primary resource for 

teaching mathematics (Grouws, Smith, & Sztajn, 2004).  Standards-based curriculum is 

written not only to support students in the understanding of mathematics but it is also 

designed to support teachers with their own understanding.  Research findings suggest 

that this type of curriculum supports teachers by examining where in the curriculum it 
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lends its support, how might teacher experiences or content knowledge effect using a 

standards-based curriculum, and how pedagogical content knowledge might be obtained 

(Doerr & Chandler-Olcott 2009; Drake & Sherin, 2009; Remillard 2000, 2006; Stein & 

Kaufman, 2010). 

Remillard (2000) examined how standards-based textbooks contribute to teacher 

learning.  This study used a qualitative case study method when analyzing two fourth-

grade teachers’ use of new mathematics text.  The data suggested that there are certain 

moments when the teachers were working with the curriculum that helped to facilitate 

learning opportunities for the teacher (Remillard, 2000).  The moments that demonstrate 

the maximum impact on teacher learning deal with the analyzing students, mathematical 

tasks, and teachers making choices on how best to proceed with the curriculum.  The 

research focused on how the mathematics curriculum materials benefit the pedagogy of 

the teachers.  Teachers’ learning happens when teachers are engage in the process of 

working through the curriculum materials (Remillard, 2000).  In a later study, Remillard 

(2006) stated that the enacting curriculum could promote change in how teachers learn 

pedagogical knowledge. While Remillard (2000, 2006) examined the moments the 

curriculum benefitted teachers.  Drake and Sherin (2009) examined teachers’ 

development using standards-based curriculum strategies over time.  Drake and Sherin’s 

(2009) study focused on three teachers from an urban school district over a two year 

period.  Like Remillard (2000, 2006), Drake and Sherin’s (2009) data suggested that 

teacher change happens in moments but it is a continued process.  The teachers 

developed an understanding that it is important to recognize the long-term goals of the 
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curriculum (Drake & Sherin, 2009).  This suggests that teachers’ development happens 

over time, and it is time that teachers need to wrestle with mathematical ideas. 

Investigating how teachers’ experience and content knowledge affected the 

implementation of standards-based curriculum, Stein and Kaufman (2010) examined two 

elementary standards-based curricula Investigations and Everyday Mathematics.  This 

qualitative study examined 48 teachers over a two-year period.  Stein and Kaufman 

(2010) suggested that the Investigations curriculum provided teachers with a better 

understanding of the big mathematical ideas within lessons compared to Everyday 

Mathematics (Stein & Kaufman, 2010).  The Investigations curriculum supports teachers 

understanding both in content and pedagogy through vignettes. 

Like Stein and Kaufman (2010) and Drake and Sherin (2009), Doerr and 

Chandler-Olcott (2009) examined how five grade six teachers used their mathematics 

curriculum materials to incorporate mathematics and literacy.  The curriculum materials 

that were used in their study were the Connected Mathematics Project, designed for 

grades 6-8.   This qualitative research project found that there was a change in teachers’ 

practices toward a more student centered practice (Doerr & Chandler-Olcott 2009).  The 

teachers’ responses’ around how the standards-based mathematics curriculum materials 

at first were considered roadblocks but by the end of the research the teachers viewed 

them as learning opportunities (Doerr & Chandler-Olcott 2009). 

A three year longitudinal study that focused on improving teacher quality in the 

area of content and pedagogical mathematics knowledge by Bailey (2012), indicated 

success both on qualitative and quantitative data when using standards-based methods.  
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This study focused on second and third grade teachers in a Title I schools.  The teachers 

were presented with the NCTM Principles and Standards (2000), research based 

recommendations, and methods that help students learn mathematics conceptually and 

procedurally.  The teachers were encouraged to use these learning experiences with their 

students.  The results from this study showed that by implementing standards-based 

methods had a positive effect by increasing teacher quality in elementary school 

mathematics. In fact, qualitative and quantitative data revealed significant gains in 

teachers’ mathematics content and pedagogical knowledge. 

The written curriculum, whether traditional or standards-based, assists in 

supplying teachers with the mathematics content they need for instruction.  It is when we 

examine the research around standards-based curriculum that there appears to be 

materials to support content knowledge for teaching mathematics. 

Intended Curriculum 

The intended curriculum is the teachers’ plan for how the instruction will take 

place (Clements & Sarama, 2004).  It is through this intended curriculum that teachers 

plan for their instruction.  During this planning teachers need to consider both 

mathematics pedagogy and content. 

Mathematical practices.  To better understand teachers’ pedagogy and content 

knowledge, it is important to examine the role that the curriculum materials play in 

assisting teachers in planning for instruction. The art of teaching is finding out how best 

students will learn the mathematics they need to know and how the teacher will ensure 

the students fully understand it.  The NCTM (1989, 2000, 2007) standards publications 
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focused on five different but interrelated mathematics process standards.  These 

mathematics process standards are interconnected and should be taught together to 

benefit mathematics students.  “The Process Standards- Problem Solving, Reasoning and 

Proof, Communication, Connections, and Representation- highlight ways of acquiring 

and using content knowledge” (NCTM, 2000, p. 20).  While NCTM’s publications 

suggest what processes need to be used when teaching students to develop students’ 

mathematical knowledge, they do not say which process is best or which process should 

be taught first.  They suggest that along with the content, the process standards need to be 

interwoven into the teachers’ mathematical lessons. 

Like NCTM’s (1998, 2000, 2007) publications, Adding It Up: Helping Children 

Learn Mathematics, (NRC, 2001) looked at how teachers need to have knowledge of how 

to perform procedures and concepts correctly plus be able to understand the conceptual 

knowledge of their procedures and concepts.  The conceptual understanding and 

procedural understanding are interwoven and students should develop these ideas 

together, along with adaptive reasoning, strategic competence, and productive 

disposition.  The intertwined strands of proficiency do not suggest how teachers are to 

teach adaptive reasoning to students, but it does encourage students to think logically 

about relationships among concepts and situations (NRC, 2001).  “Strategic competence 

refers to the ability to formulate mathematical problems, represent them, and solve them” 

(NRC, 2001, p.124).  Strategic competence is the process teachers’ should use when 

mathematics is taught to the students.  Strategic competence is sometimes thought of as 

problem solving.  There are four different characteristics teachers need to develop in their 
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students: learn how to form mental representations of problems (students), detect 

mathematical relationships, devise novel solution methods when needed, and flexibility 

in thinking (NRC, 2001).  The last strand, productive disposition, examines how students 

can develop an understanding about the mathematics they do and how putting forth effort 

in mathematics can help the student in life.  Despite the fact that productive disposition 

sounds like something just for students to develop, it is not.  In fact the process of 

teaching should focus on the environment that the teaching takes place.  If teachers use 

and follow the intertwined strands of proficiency they will help students better understand 

the mathematics they will learn. 

The Standards for Mathematical Practice (CCSSM, 2010) explains the 

knowledge that mathematics teachers pursue to develop in their students.  The Standards 

for Mathematical Practices are: make sense of problems and persevere in solving them, 

reason abstractly and quantitatively, construct viable arguments and critique the 

reasoning of others, model with mathematics, use appropriate tools strategically, attend to 

precision look for and make use of structure, and look for and express regularity in 

repeated reasoning (CCSSM, 2010).  These mathematical practices are built upon both 

the NTCM Process Standards and Adding It Up: Helping Children Learn Mathematics 

Mathematical Proficiencies. 

The mathematics practices are intended to be interwoven and are designed to 

support the content.  The mathematics practices are the “how” in teaching mathematics 

content.  The mathematics practice is the intended curriculum.  The intended curriculum 

is the teachers’ plan for how the instruction will take place. 
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Enacted Curriculum: Mathematics Performance Tasks and Cognitive Demand 

One way to examine the enacted curriculum is to look at the mathematics 

instruction and the mathematics problems or tasks that are given to students.  Warde 

(1960) states that the best possible leaning and growth occurs takes place when people 

are challenged with real world and relevant problems that need to be solved.  For my 

study, a mathematics performance task is defined as curriculum materials given to 

students to assess their understanding of a mathematical concept.  The use of 

mathematics performance tasks can provide an insight in how students are reasoning 

mathematically and how they are applying conceptual knowledge through problem 

solving and critical thinking.  Schoenfeld (1992) argues that student learning is a process 

of acquiring a mathematical disposition as well as acquiring mathematical knowledge.  

Some characteristics of mathematical disposition are making sense of mathematical 

ideas, deciding if mathematical results are reasonable, and thinking and reasoning in 

flexible and multiple ways (Van de Walle, 2004). 

Mathematics performance tasks are open-ended tasks that require students to 

construct their solutions to problems in ways that demonstrate conceptual knowledge and 

process skills (Van de Walle, 2006).  Stein, Grover, and Henningsen (1996) define 

mathematical tasks as a set of problems or single complex problem that focuses students’ 

attention on a particular mathematical idea.  Stein, Grover, and Henningsen (1996) and 

Stein and Smith (1998) have developed a taxonomy of mathematical tasks based on the 

kind and level of thinking required to solve them (see Table 1). 
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Table 1 

Characteristics of Mathematical Tasks at Four Levels of Cognitive Demand 
 

(Smith & Stein, 1998) 
 
 
 

Mathematics performance tasks provide students with an opportunity to show their 

mathematical thinking, conceptual and procedural understanding, problem solving 

ability, and mathematical reasoning skills, which are all highly valued in standards-based 

mathematics education (Van de Walle, 2004).  Research suggests that mathematics 

performance tasks are successful at improving students’ understanding of important 

mathematical concepts (Thompson & Senk, 2001) and at improving students’ abilities to 



 
  

30 
 

use the mathematics process skills outlined by the NCTM such as mathematical 

reasoning, communicating and making connections (Schoenfeld, 2002).   

Examining what transpires between teachers and students allows us to see how 

instruction fits within the goals for student learning (Franke, Kazemi, & Battey, 2007).  

To obtain these goals it is critical to have mathematics instruction that is focused on 

solving challenging mathematical tasks (Franke, Kazemi, & Battey, 2007; Hiebert et al., 

1997).  The use of mathematical tasks allows students to grapple with big mathematical 

ideas.  Lampert, Beasley, Ghousseini, Kazemi, and Franke (2010) call this type of 

instruction ambitious instruction.   During ambitious instruction students are required to 

develop deep understanding of the mathematics by solving challenging tasks, make 

connections between mathematical ideas, and demonstrate their reasoning through 

representation.  This type of instruction is challenging for not just the students but also 

the teachers.  Van de Walle, Folk, Karp, and Bay-Williams (2010) highlight three phases 

of this type of instruction that a complex task goes through, it is introduced to the class, 

students work on solving the task, and then the task is discussed. 

Research suggests that for students to have success in ambitious instruction, the 

teacher needs to have clear expectations of how their students should be working on their 

task (Boaler & Staples, 2008; Smith, Bill, & Hughes, 2008).  It is by having clear 

expectations that students are able to effectively work on solving the task.  As students 

are solving the task the teacher is checking in with his/her students to lend assistance but 

also identifying what are mathematical ideas that will be focused on in the whole class 

discussion (Lampert, 2001; Stein, Engle, Smith, & Hughes, 2008).  The teacher is at the 



 
  

31 
 

same time looking to highlight particular students’ solutions (Stein et al., 2008).  After 

students have worked on their solutions the task is then discussed as a whole group.  The 

teacher asks students probing questions that try to elicit key mathematical ideas (Stein et 

al., 2008) as solutions are shared.  The sharing of the different solutions is deliberate.  

The teacher needs to have identified and sequenced the students’ solutions that will 

further the mathematics discussion (Smith & Stein, 2011).  It is during this time that the 

teacher plays an important role by facilitating between the students solutions to assist in 

the classes understanding (McClain, 2002). 

Recognizing high cognitive demand tasks requires a teacher to consider how the 

task provides opportunities for a student to investigate mathematics.  This allows us to 

assess how well the task connects with the students’ background knowledge and how the 

task is designed to push the student to think more deeply about the mathematics involved 

in the task.  Teachers in their planning of tasks need to think about how to support each 

of their students to be able to reach their zone of proximal development (Vygotsky, 

1978).  According to Breyfogle and Williams (2008), a worthwhile mathematics task is 

one that “allows for connections, incorporates multiple approaches and solutions, requires 

high-level thinking and facilitates reasoning and communication” (p. 277).  Boston and 

Smith (2009) contend that a high cognitive demand task is one that requires some degree 

of cognitive effort, meaning that students need to engage with conceptual ideas that 

underlie the procedure in order to complete the task.  The task is non-algorithmic, 

requires complex thinking, and requires students to explore and understand mathematical 
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concepts, processes and relationships.  Further, in order to solve the task, the students 

need to be able to make connections from what they know and apply it to the task. 

In Stylianides and Stylianides (2008), a teacher who was highly competent 

changed a mathematical task that she acquired from a standards-based mathematics 

textbook.  In an interview with the researchers, she admitted that she did not know that 

she decreased the cognitive demand of the task when she made modifications.  In fact, 

when she chose the task she did not consider the cognitive demand.  The task was 

included in the lesson she was teaching, and she felt she could make it more fun and fit 

the time constraints of the mathematics period by making changes.  Therefore, the 

teacher read the task and only considered how she should change it instead of considering 

the type of mathematical thinking and reasoning opportunities the task, as it was written, 

would provide her students.  It is unclear whether the teacher could look at this 

mathematical task, as it was presented in the text, and identify the cognitive demand. 

Examining the enacted curriculum by focusing on the mathematics instruction and 

the mathematics performance tasks that are given to students allows the opportunity to 

better understand the processes and how to maintain a high cognitive demand.  The use of 

mathematics performance tasks can provide an insight in how students are reasoning 

mathematically and how they are applying conceptual knowledge through problem 

solving and critical thinking.  The tasks also allow us to view the actions of teachers as 

they utilize these tasks and how maintain high cognitive demand. 
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Mathematics Teacher Leaders 

For this study the participants were elementary mathematics leaders from one 

district.  While the research is limited on mathematics teacher leaders, there are studies 

that can support the development of mathematics teacher leaders. 

Research has indicated that school-based mathematics specialist can be the 

support to improvement of mathematics teaching (NRC, 2001).  In another study by 

Campbell and Malkus (2011), they described the mathematics leaders as a mathematics 

coach.  They further discussed the supports that the coaches give to their schools as 

professional developers and provider of knowledge.  Chval, Arbaugh, Lannin, van 

Garderen, Cummings, Estapa, and Huey (2010) further discussed the mathematics coach 

as some who supports teachers, supports students, and supports the overall schools that 

they work with.  These three studies focused on skilled mathematics leaders that have had 

professional development designed around mathematics content, pedagogy, and building 

relationships with others. 

Goldsmith, Doerr, and Lewis (2014) recently published a meta-analysis of a 106 

articles, from1985- 2008, related to professional learning of practicing mathematics 

teachers. The study suggests nine major themes in the area of teachers’ professional 

learning: 

Teachers’ beliefs, identity, and disposition, 

Teachers’ instructional practice, 

Mathematical content of lessons, 

Changes in classroom discourse, 
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Promoting students’ intellectual autonomy, 

Teachers’ collaboration/community, 

Teachers’ attention to student thinking, 

Mathematics content knowledge, and 

Curriculum and instructional tasks 

(Goldsmith, Doerr, & Lewis, 2014 p.8) 
 

This research highlights the important aspects that teachers’ professional development 

has on experienced teachers.  This study also gives an insight into what areas that 

professional development of practicing mathematics teachers tend to take place. 

Borko, Koellner, and Jacobs (2014), did illustrated how novice professional 

development facilitators enact mathematics professional development.  The findings from 

their study suggested that the professional development facilitators had no or limited 

difficulty in presenting, creating a culture of professionalism, selecting appropriate 

materials for their professional development (Borko, Koellner, & Jacobs, 2014).  They 

did struggle with supporting discussions to cultivate aspects of mathematics teachers’ 

content knowledge and pedagogical content knowledge.  

Chapter Summary 

The review of literature in this chapter focused on the mathematics curricula, 

including the written, intended, and enacted curricula.  It also focused on the mathematics 

teacher leader.  Chapter Three describes the procedures, subjects, setting, and 

instrumentation used in this study, along with the statistical analysis techniques to 

address the following research questions: 
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a) How do elementary mathematics teacher leaders define their understanding of a 

high cognitive demand mathematical performance task before and after 

participating in professional development? 

b) How do elementary mathematics teacher leaders interpret high cognitive 

demand mathematics performance task when adapting and creating tasks? 

c) How do elementary mathematics teacher leaders’ understandings of high 

cognitive demand mathematics performance task change after their students 

solve mathematics performance task? 
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Chapter Three 

This chapter describes the methodology used to investigate the processes that 

support or hinder an EMTL’s understanding of high cognitive demand mathematical 

performance tasks.  This qualitative study included three participant surveys, a pre and 

post task evaluation design, a participant final narrative reflection after the performance 

tasks were administered, and interviews.  This chapter includes descriptions of the 

participants and setting, the different data sources that were utilized, the research design, 

the data collection and analysis, validity threats, and possible limitations. 

Purpose and Research Questions  

The purpose of this study was to investigate, according to the elementary 

mathematics teacher leaders (EMTLs), the processes that support or hinder their 

understanding of high cognitive demand as they adapt, create, and implement 

mathematical performance tasks related to a summer curriculum project. 

This study was guided by the following research questions: 

a) How do elementary mathematics teacher leaders define their understanding of a 

high cognitive demand mathematical performance task before and after 

participating in professional development? 

b) How do elementary mathematics teacher leaders interpret high cognitive 

demand mathematics performance task when adapting and creating tasks? 
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c) How do elementary mathematics teacher leaders’ understandings of high 

cognitive demand mathematics performance task change after their students 

solve mathematics performance task? 

Participants and Setting 

This investigation took place in a large public school district on the East Coast in 

a suburban area. The school district has 50+ elementary schools and approximately 100 + 

elementary teachers at every grade level, kindergarten through grade 6.  The total number 

of students in all the elementary schools is greater than 60,000 students with an average 

of about 25 students per classroom.  Table 2 shows the demographics of the students in 

the district. 

 
 
 

Table 2 
 
Approximate Demographics of the District’s Students 
 

Demographics Percentage   
Ethnicity    
 Asian 20%   
 Black/African American 10%   
 Hispanic/ Latino 25%   
 Other  5%   
 White 40%   
Gender    
 Female 50%   
 Male 50%   
Mobility 15%   
Receiving Free and Reduced Meals  30%   
Receiving Special Education Services 15%   
Limited English Proficiency 15%   

Note.  Adapted from the district’s website, 2014. 
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The participants for this study were Elementary Mathematics Teacher Leaders.  

EMTLs are individuals that have taken additional mathematics course to further their 

understanding in both mathematics content and pedagogy.  The amount and type of 

coursework range from those that have a master’s level endorsement as a mathematics 

specialist to those that have taken district courses and additional trainings to prepare them 

as a district mathematics leader. This data was collected through a survey at the 

beginning of this study.  Table 3 shows the demographics of the EMTLs. 

 
 
 

Table 3 

Approximate Demographics of the District’s Students 
 

Demographics Percentage   
Ethnicity 8%   
 Asian 0%   
 Black/African American 0%   
 Hispanic/ Latino 0%   
 Other  92%   
 White    
Gender 96%   
 Female 4%   
 Male    
Years Teaching    
 0-5 24%   
 6-10 36%   
 11-15 27%   
 16-20 4%   
 20-25 4%   
 25+ 4%   
Education Degree/Endorsement    
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State Endorsed to be a Math Specialist    
Bachelors 8%   
Bachelors Plus Additional Graduate 
Level Coursework 

16%   

Masters 32%   
Masters Plus Additional Graduate Level 
Coursework 

44%   

Note.  Findings from the first survey, 2014. 

 
 
 

The EMTLs that participated in this study were selected from teachers that 

applied for the district’s two-week summer curriculum development project which took 

place in July.  The district’s goal for this project was to design and develop high 

cognitive demand mathematical performance tasks that could be used by other 

elementary teachers in the district with their students.  The performance tasks were 

designed to align to district and state mathematics standards.  Twenty EMTLs were hired 

by the district and participated in this study.  It is important to note that the district was 

not conducting research for this project.  The EMTLs who participated in this 

investigation applied for the curriculum project and were selected based on qualifications, 

so this was a purposeful sampling (Creswell, 2008).  The district-level elementary 

mathematics specialists selected the participants for the summer curriculum project.  The 

district determined the most qualified participants to create and adapt these performance 

tasks based.  The EMTLs were paid by the district for their two weeks of work and 

worked for approximately forty hours during the summer curriculum project. The district 

required that each participant needed to have a minimum of five years of teaching 

experience, be a mathematics leader in their building, and to be able to work 
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collaboratively with others, as note by the participant’s principal’s recommendation, to be 

considered for this project.  Participation in the research was voluntary and teachers could 

participate in the summer curriculum project without participating in the research. 

The EMTLs were divided into three different grade bands.  The EMTLs were 

placed in grade levels based on previous working experience.  If an EMTL had multiple 

years of experience, in either teaching a certain grade or supporting teachers in a certain 

grade, then the EMTL was assigned to that grade level band.  The grade bands were 

kindergarten through grade 2, grade 3 through grade 4, and grade 5 through grade 6.  The 

project allowed for nine K-2 teachers, six grades 3-4 teachers, and five grade 5-6 teachers 

to be hired per grade band.  Six of the EMTLs had worked on a similar curriculum 

project last year. 

For this study, I was not only the researcher but I was also an active participant.  

My role in this study allowed me to decide whom to hire for the summer curriculum 

project.  I led two one-hour explicit professional developments, which I designed with 

other members of the district’s mathematics team.  The reason I use the word explicit to 

describe the professional development is because I believed the whole project was 

professional development for the EMTLs.  During the first one-hour explicit professional 

development I had the EMTLs learn about cognitive demand and how to utilize the rubric 

when scoring the task (see Appendix E).  The EMTLs learned about the Characteristics 

of Mathematical Tasks at Four Levels of Cognitive Demand (Smith & Stein, 1998) and 

how the characteristics are interwoven in the scoring rubric.  During the first professional 

development the EMTLs scored their pre tasks and then discussed the process of scoring.  
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The second explicit instruction reviewed how to use the rubric for scoring performance 

task and also introduced the teacher’s rubric for scoring student work (see Appendix F). 

During the two weeks, I also met with grade level groups and participated in the 

vetting session.  During the vetting session I took a passive role and only asked clarifying 

and/or guiding questions regarding the task and how the EMTLs planned to implement it 

with students.  I am also the one who determined the completion of the mathematics 

performance tasks.  Before this study I knew and worked with about 75% of the 

participants.  It is also important to note that my role in the district includes my giving 

ongoing professional development to mathematics leaders for the past nine years. 

Data Sources 

There were three surveys used in this study.  These surveys were administered at 

three different intervals during this project, the first day of the summer curriculum 

project, the last day of the summer curriculum project, and then later in the fall after the 

EMTLs administered their first task with students.  The survey took approximately 

twenty minutes for the participant to answer each time.  The EMTLs answered the 

questions in an online format through the website Surveymonkey.com (See Appendix B).  

Another doctoral student and I created the survey for our pilot studies (Hargrove, 2013; 

Jamieson, 2013).  The data from the first survey was used to compare possible themes in 

the participants’ responses.  “You can explore how categorization or thematic ideas 

represented by codes vary from case to case, from setting to setting or from incident to 

incident” (Gibbs, 2007 p. 48).  The data obtained from the surveys was collected on-line 

and downloaded to an Excel spreadsheet.  Open coding (Glaser & Strauss, 1967) of the 
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surveys was completed on the spreadsheet.  All three surveys were combined, analyzed, 

and categorized for possible common themes. 

The use of a pre and post task at the beginning of the summer curriculum project 

along with the final narrative reflection (See Appendix C) assisted in determining the 

EMTLs’ baseline, mid-point, and concluding understanding of cognitive demand within 

the scope of this project.  The EMTLs were asked to find and bring a task with them to 

the first day of the summer curriculum project.  The task that the EMTLs were to bring 

could be from any mathematics resource that they have used in the past.  The majority of 

the tasks that the EMTLs brought came from either internet websites or from 

mathematics task created previously by the district.  The requirements for the task were 

that it needed to be a high quality.  The post tasks were given to the EMTLs on the last 

day of the curriculum project.  The post tasks were taken from websites that focused on 

mathematics performance task and were found on the internet (See Appendix D).  The 

mathematics performance tasks covered all four cognitive demand levels as described by 

Smith and Stein (1998): Memorization, Procedures without Connections, Procedures 

with Connections, and Doing Mathematics. The twenty EMTLs’ tasks cognitive levels 

were independently classified with the assistance of two mathematics education doctoral 

students.  The two doctoral students and I met to discuss how we would score the tasks. 

An observation protocol and audio recording of the vetting sessions were used to 

assist in investigating conversations or actions of the EMTLs.  The main purpose of the 

observation protocol and audio recording were to document the conversations and actions 

of the EMTLs in order to strengthen the validity of the study.  The audio recordings from 
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the vetting sessions were fully transcribed.  The transcriptions were then coded for 

possible themes.  The observation protocol was used to verify the EMTLs’ conversations 

that demonstrated growth or lack of growth in their understanding of high cognitive 

demand and the process standards.  A modified form of the observation protocol was 

used (Jamieson, 2013).  This allowed for adequate space for notes without scribing a 

word-for-word transcription of all the conversations of the teachers.  Lofland and Lofland 

(1995) stated that observation notes, while not as detailed as transcription, allow the 

researcher to collect valuable data. 

After the EMTLs first administration of the tasks with students, which were 

created during the summer curriculum project, all of the EMTLs were asked to write a 

short narrative reflection.  The EMTLs were to answer questions that focused around 

what they perceived as what was successful and/or hindered the task and how they 

modified their task.  This allowed for examination of the task’s intended level cognitive 

of demand versus its enacted level cognitive of demand.  Approximately two months 

after the first implementation of the tasks with students, the narrative reflections were 

completed, three EMTLs were interviewed.  These EMTLs were chosen based upon their 

interaction as a group, as observed during the vetting sessions and their feedback from 

the short narrative reflection.  The follow up interviews shed light on how these three 

teacher leaders think about cognitive demand.  The interviews also assisted in 

determining how these three teachers viewed their own learning processes about 

mathematics tasks. 
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Research Design 

This qualitative methods used for this study allowed a descriptive view of the how 

the EMTLs think about high cognitive demand and how their understanding or thinking 

changed during their process in this study.  This study assisted in identifying and 

describing the processes that support or hinder the EMTLs understandings of high 

cognitive demand.  Studying how EMTLs create, adapt, and use mathematical 

performance tasks also assisted in identifying the EMTLs’ understandings and 

misconceptions of high cognitive demand. 

Data Collection 

The data for this study was obtained from surveys, EMTLs’ evaluations of two 

mathematical tasks, audio recordings, observations of the EMTLs’ conversations as 

participants when vetting tasks, through final narrative reflections after implementation 

of the tasks with students, and interviews.  This data was then coded by utilizing a 

patterning, thematic analysis approach (Miles, Huberman & Saldana, 2014).  The data 

collection for this study took place over a six-month period of time, starting during July 

and then concluded in January of the same school year.  The majority of the data 

collected were during the two-week summer curriculum project.  For the summer 

curriculum project there were nine K-2 teachers, six grades 3-4 teachers, and five grade 

5-6 teachers.  I administered the project for each of the EMTLs.  The chart below shows a 

timeline of events. 
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Table 4 

Data Collection Timeline 

Data Sources Timeframe 
Pre and Post Performance Task Day 1 of summer curriculum project, July  

Questionnaire/ Survey Day 1 of summer curriculum project, July  

Researchers observations and field notes Two weeks of summer curriculum project, 

July  

Audiotape records and transcriptions of 

vetting sessions 

Beginning on day 3 of summer curriculum 

project, July  

Created performance tasks Last day of summer curriculum project, 

July  

Evaluation performance tasks (matrix) October/November  

Interviews with participants after 

implementation of tasks with students 

January of the following year 

 
 
 

The EMTLs were asked to bring a mathematical performance task to the first day 

of summer curriculum project.  The EMTLs were emailed two weeks prior to the start of 

the summer curriculum project, to allow for ample time to identify and make two Xerox 

copies of their task.  On one of the copies, the EMTLs were asked to write a justification 

as to why they think their task represents a high cognitive demand, this happened on the 

first day of the summer curriculum project.  The justifications were collected and were 
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analyzed as part of the baseline data.  The second copy of the task was used during the 

first professional development when discussing how to use the rubric (see Appendix E). 

After completing the justification of the task, EMTLs were asked to take an on-

line survey, which was used to analyzed and determine the EMTLs’ initial understanding 

of cognitive demand.  For the collection of surveys EMTLs chose a random number that 

would identify their survey.  Only the EMTLs had that number and were required to 

remember it for the length of the study’s data collection, this ensured anonymity.  The 

first survey was administered on the first day of the summer curriculum project this was 

before the professional development they participated in and before the EMTLs begun 

working on adapting and creating performance tasks.  The second survey was given at the 

end of the two-week summer curriculum project.  The third survey was administered 

during the school year after the tasks were used with students, approximately three 

months later.  This survey was adapted from a pilot study (Jamieson, 2013).  All three of 

the surveys were exactly the same in order to demonstrate EMTLs change in their 

understanding over time. 

The EMTLs participated in two one-hour explicit professional development 

sessions during the summer curriculum project.  The two explicit professional 

development opportunities focused on creating and maintain high cognitive demand, 

using rubrics (See Appendix E) to assist in identifying high cognitive demand in tasks, 

and general directions around completion of the summer curriculum project.  It was also 

the intent of the professional development session to give a common message to EMTLs 

regarding the requirements of the summer curriculum project and how to utilize the 
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rubrics for creating and/or adapting performance tasks.  The first professional 

development happened after the EMTLs had reflected on their task and filled out their 

first survey on the first day of the summer curriculum project.  The first professional 

development focused on high cognitive demand and how it is demonstrated in 

mathematics performance tasks.  The scope and expectations of the summer curriculum 

project was also explained to the EMTLs during this first professional development.  This 

professional development also introduced the rubric for adapting and creating 

mathematics performance tasks (Bailey, 2012; Jamieson, 2013).  There was discussion 

around the different criteria on the rubric.  During the first professional development, the 

EMTLs had opportunities to evaluate the task they brought in grade level groups, K-2, 3-

4, and 5-6.  The EMTLs second professional development took place three days into the 

summer curriculum project.  The second professional development focused on the 

process of adapting/ creating mathematics performance tasks and also introduced the 

EMTLs to the rubric for scoring student work.  The rubric was created by the district’s 

state department of education.  The discussion around the rubric was to highlight that it 

focused on NCTM’s Process Standards and how those standards support high cognitive 

demand (See Appendix F). 

In the following two weeks of the summer curriculum project, the EMTLs 

modified, revised, and created mathematics performance tasks.  Observations and audio 

recording of the EMTLs’ conversations were completed as they vetted tasks that they 

adapted or created.  The EMTLs worked in small groups according to grade level, K-2, 3-

4, and 5-6.  Each EMTL worked on different tasks separately and then discuss in small 
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group or in partners were they were to justify why their task demonstrated high cognitive 

demand based on the rubric.  All vetting conversations were audio recorded.  The audio 

recordings were transcribed to identify possible themes in the conversations from the 

teachers.  The data points were then coded qualitatively by using a patterning, thematic 

analysis approach (Miles, Huberman & Saldana, 2014).  The district’s goal for this 

project was for the creation of mathematics performance tasks with a high level of 

cognitive demand.  The mathematical tasks were to be utilized with the districts’ students 

in the coming school year. 

The observations were conducted using an observation protocol (Jamieson, 2013).  

The observation protocol (See Appendix G) or field notes assisted in documenting of the 

conversations between the EMTLs as they vetted their performance tasks during their 

sessions.  I provided descriptions associated with three themes (a) task features (e.g. 

multiple solutions, open-ended, alignment to the curriculum) and (b) cognitive demand 

(e.g. memorization tasks, procedures without connections, procedures with connections, 

and tasks that build mathematical disposition) and (c) implications of design strengths 

and weaknesses. 

The final evaluation of a post mathematical task occurred on the last day of the 

project.  This task was given to the EMTLs and was not a task that the EMTLs had 

modified or created during the summer curriculum project.  The tasks were divided by 

grade level and randomly passed out to the EMTLs based on the grade level that they 

worked on during the summer curriculum project.  The EMTLs were asked to describe if 

the task had a high level of cognitive demand.  The EMTLs were asked to write down 
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“yes” if the task demonstrated a high cognitive demand or “no” if the task did not 

demonstrate a high cognitive demand.  The EMTLs were then asked to explain their 

justification behind their answer choice.  These tasks were previously rated and 

independently classified for cognitive demand with the assistances of two mathematics 

education doctoral students and myself. 

During the months of October thought December of the same school year, the 

EMTLs were asked to administer one of the tasks that were created during the summer 

curriculum project with their classes.  After the administration, the EMTLs wrote a short 

narrative about the mathematics performance tasks they used by answering questions 

focused around what was successful and/or hindered the task and its intended level 

cognitive of demand versus its enacted level cognitive of demand.  During, this time a 

selected group of EMTLs were interviewed (See Appendix H) to find out about the 

implementation of the tasks.  The three EMTLs were asked about scaffolds the teacher 

might have implemented when giving the task to their students.  This was to assist me 

with identifying if the cognitive demand of the task was lower due to scaffolding.  The 

interviews were audio recorded.  Each interview lasted approximately 25 to 30 minutes.  

The audio recordings were later transcribed. The data points were then coded to identify 

possible themes in the conversations from the teachers.  The coding process used a 

patterning, thematic analysis approach (Miles, Huberman & Saldana, 2014).  

Pseudonyms have been used for the teacher leaders’ names throughout this study. 
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Data Analysis  

The analysis of the data from this study was obtained from the three surveys, 

EMTLs’ evaluations of two mathematical tasks, observations and audio recordings of the 

EMTLs’ vetting sessions, and through EMTLs’ reflection narratives, and interviews after 

implementation of the tasks with students. Each EMTL was given three identical surveys 

that were analyzed to determine the EMTLs’ understanding of cognitive demand.  I 

created a table using an Excel spreadsheet to assist in identifying themes in the questions 

responses for questions 9-23.  Questions 1-8 were used to collect demographic data.  

When the surveys were completed, I began to analyze the data first by individual teacher, 

followed by analyzing it across all EMTLs.  I used a patterning thematic analysis by 

examining patterns in the EMTLs responses.  The patterning thematic analysis approach 

is an iterative and inductive process to reduce the data through constant recoding (Braun 

& Clarke, 2006). 

The use of the pre and post tasks during the summer curriculum project along 

with the final reflection narratives assisted me in determining the EMTLs’ baseline, mid-

point, and concluding understanding of cognitive demand.  The pre and post tasks were 

used to help determine if the design process supports the EMTLs’ understanding of high 

cognitive demand task.  The EMTLs were to explain what they thought they learned from 

the summer curriculum project when it comes to mathematics tasks and cognitive 

demand.  I created a table for each EMTL for their pre and post task.  This table assisted 

in clarifying the themes and thought process and/or decisions each EMTL was making.  

Table 5 is an example. 
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Table 5 

Sorting Chart Example 

Pre and Post Task- EMTL #1 
Tasks EMTL Placement of 

Cognitive Demand 
Correctly Placed Incorrectly Places 

Pre Task High or Low X  

Pre Task 

Narrative 

I know this task has a high cognitive demand because it is opened-

ended and stretches students understand… 

Post Task High or Low X  

Post Task 

Narrative 

This task demonstrates students’ understanding by using multiple 

representations… 

 
 
 

This table was created using both the pre and the post task collection.  The EMTL 

Placement of Cognitive Demand represented where the EMTL believed the level of 

cognitive demand to be for each task.  The X represents if the EMTL identified his/ her 

task correctly or incorrectly.  Two mathematics education doctoral students acted as 

additional raters for this data, ensuring inter-rater reliability.  The reflection narratives 

were administered in the fall, and this furthered clarify the EMTLs’ understandings.  The 

reflections were examined to find evidence of the use of cognitive demand.  These 

findings were added to Table 5.  The reflection data was added and all of the data were 
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compared to the pre and post task data to create themes.  This process of open coding to 

develop categories is introduced in Glaser and Strauss (1967). 

The observations, field notes, and performance tasks created during the vetting 

sessions were analyzed through the priori lens of the following three themes: (a) task 

features (e.g. multiple solutions, open-ended, alignment to the curriculum) and (b) 

cognitive demand (e.g. memorization tasks, procedures without connections, procedures 

with connections, and tasks that build mathematical disposition) and (c) implications of 

design strengths and weaknesses.  The data was analyzed to show teachers’ 

understanding of high cognitive demand and the design process.  The design strengths 

were referred to as structures that support teacher understanding, while weaknesses was 

referred to as structures that hinder or complicate teacher understanding of cognitive 

demand.  The use of the rubric along with the use of the field notes and the observations 

from the vetting sessions were triangulated (Maxwell, 2013) to assist in understand the 

design process.  This gave insight into the EMTLs understanding when thinking about 

high cognitive demand.   

The EMTLs’ reflection narratives were collected in the fall of the same school 

year and the interviews from the selected EMTLs shed light not only on the EMTLs’ 

understandings about cognitive demand but also how EMTLs’ viewed their own learning 

process about mathematics performance tasks. 

Validity  

In order to circumvent possible threats and to test my validity, I used the 

following strategies (Maxwell, 2013): triangulation, inter-rater reliability, and feedback. 
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The data was triangulated to provide validity to the design (Maxwell, 2013).  This study 

has multiple sources that assisted in identifying EMTLs’ understanding of high cognitive 

demand and their understanding of their own learning trajectory.  These multiple sources 

of teacher’s understanding and knowledge will provide evidence (Glesne, 2011).  

The collaboration with the two doctoral students gave my study the inter-rater 

reliability that was needed.  This helped by making sure our scoring and code checking of 

the mathematics performance tasks were similar.  This study also employed feedback or 

external audit through the use of my dissertation chair (Creswell, 2008).  My dissertation 

chair assisted me when I was forming theories, themes or generalizations about my data.  

My dissertation chair also assisted me in determining my biases or faulty logic by asking 

me about my own reactivity to my study. 

Another validity threat was that I am a mathematics specialist for the district.  I 

run meetings, give professional development, and teach course to the districts’ EMTLs.  I 

previously knew about 75% of the EMTLs before this project. 

Limitations  

One of the limitations of this study could be the sample size.  I used a purposeful 

sample that was made up of twenty elementary mathematics teacher leaders that had 

varying backgrounds and experiences.  The use of only twenty elementary mathematics 

teacher leaders could generate different results versus a larger population of participants.    

The EMTLs used in this study have varied experiences that qualified them as 

mathematics teacher leaders.  The use of different criteria in identifying mathematics 

teacher leader could result in a different outcome.  Another possible limitation was that 
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this investigation was being conducted in one district in a suburban metropolitan area and 

results may not be the same in other districts or with rural and or urban areas.  It is 

important also to note that this study only focused on elementary mathematics teacher 

leaders from K-6, the data from middle or high school mathematics teacher leaders could 

be different.  Finally, the limited timeframe and data collection the study was only able to 

provide a snapshot into the EMTLs understanding of high cognitive demand mathematics 

performance tasks. 
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Chapter Four 

This chapter reports results from the data collected from elementary mathematics 

teacher leaders focused on adapting and creating tasks and the resulting responses after 

implementing these tasks in fall of that same school year.  The purpose of this study was 

to investigate, according to the elementary mathematics teacher leaders’ (EMTLs), the 

processes that support or hinder their understanding of high cognitive demand as they 

adapt, create, and implement mathematical performance tasks during a summer 

curriculum project.  The following research questions guide the investigation: 

a) How do elementary mathematics teacher leaders define their 

understanding of a high cognitive demand mathematical performance 

task before and after participating in professional development? 

b) How do elementary mathematics teacher leaders interpret high 

cognitive demand mathematics performance tasks when adapting and 

creating tasks? 

c) How do elementary mathematics teacher leaders’ understandings of 

high cognitive demand mathematics performance task change after their 

students solve mathematics performance task? 
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Survey 

The results begin with response rates for all three surveys (Appendix B).  

Research Question 1 is addressed with descriptive data on the educational background, 

teaching experience, and preparation of the elementary mathematics teacher leaders, 

followed by the EMTLs’ understanding of high cognitive demand and mathematical 

performance tasks.  Research Questions 2 and 3 are then examined.  EMTLs perceptions 

of high cognitive demand mathematics performance tasks are shared along with data 

describing differences between adapting, creating, and implementing the tasks. Each 

EMTL was given three identical surveys (see Appendix B) that were analyzed to 

determine the EMTLs’ understanding of levels of cognitive demand.  Creswell (2008) 

stated “many survey studies in leading educational journals report a response rate of 50% 

or better” (p. 367).  Therefore, my goal for the response rate for each of the three surveys 

was set at 50%. Table 6 shows the response rate for each of the three surveys. In general, 

these were acceptable response rates that met my established goal. 

 
 
 

Table 6 

Response Rate by Survey 

Survey Number EMTL Responses Rate 
1 20 20 100% 
2 20 14 70% 
3 20 11 55% 

Overall 60 45 75% 
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As Table 6 indicates, the responses rate for each survey, while meeting my goal, did 

decline with each implementation.  The first survey was administered on the first day of 

the summer curriculum project and the participants were all present.  The second survey 

was given on the last day of the project before the participants left.  Three participants 

were not present that day of the project and three others did not complete the survey.  The 

third survey was administered seven months later.  It seems likely that the decrease in 

responses could be from some of the following factors: the participants did not complete 

the performance task with their students and felt that because they did not complete the 

task then they should not complete the survey, the participants may have lost their 

identifying number for the survey, this number allowed for the surveys to be anonymous, 

and/or the participants just did not respond.  Overall, the responses gave an interesting 

view into the participants thinking. 

Survey: quality of task.  When examining the EMTLs' responses around the 

attributes that makes up a quality task the following themes emerged, it is important to 

note these themes are listed as individual themes below but they are interrelated and 

interconnected: connections to mathematical ideas and real world, communication and 

reasoning, increase students’ mathematical understanding and higher-level thinking 

skills, student perseverance, open-ended/multi-solution, and representation.  The total 

number of mentions received by a theme for all three surveys is listed on Table 7. 
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Table 7 

Quality Task Themes from the Three Surveys 

Themes Total Responses 

 Connection/real world 18 

 Communicate/ reasoning 23 

 Higher level thinking skills/increase 

 students’ understanding 

21 

 Student perseverance 6 

 Open-ended/multi-solutions 27 

 Representation 7 

 
 
 

A good example of this interconnectedness comes from one of the EMTL’s 

written responses, “…tasks allow students to increase knowledge, make connections, use 

problem solving skills, pose questions, and communicate their thinking about math.”  The 

themes were categorized from the EMTLs responses.  The themes are closely related to 

the NCTM’s (1989, 2000) Mathematical Process Standards, CCSSM (2010) 

Mathematical Practices, and the adapted rubric from Bailey (2012) and Jamieson’s 

(2013) work. In examining the data, it appeared that connections to mathematical ideas 

and the real world did not change from each survey response except in two cases.  One 

EMTL stated in her third survey, “Tasks must meet the process standards and make sure 

it is connected to the big ideas of math”.  In the other case, it is mentioned in the EMTL’s 

second survey response but is missing from the first or third survey. 
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Like connections to mathematical ideas and the real world, communication and 

reasoning also had little change between the three surveys.  Communication and 

reasoning were coded as having the highest number of responses out of all the themes.  

Many of the response regarding communication and reasoning were similar to this one, 

“(a task) requires student to justify (their) thinking.”  Among the responses about the 

need to increase students’ mathematical understanding and higher-level thinking skills, 

one EMTL stated in all three surveys the importance: 

Survey 1: A quality task involves deep thinking, multiple responses, and a 

gain of new information.  Quality tasks are not a display of knowledge, 

but rather an opportunity to work through meaningful math. 

Survey 2: A quality task increases content knowledge and develops higher 

order thinking.  Students are invested in the task because it is meaningful 

to them. 

Survey 3: A quality math task engages students in a deeper level of 

rigorous thinking, which allows for multiple responses and a meaningful 

process. 

While this type of response was not evident in every EMTL’s survey, it is clear 

that it appears to be an important idea for many. The idea of student perseverance had the 

least number of responses on all of the surveys given it was evident in only three different 

EMTLs’ descriptions of quality tasks.  The idea that resonates with these EMTLs is that it 

is critical for a quality task to have students struggle and grapple with the mathematics 

that they are working on. 
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The theme of open-ended/multi-solution had the second most comments by the 

EMTLs.  Many EMTLs mentioned the idea of a “quality task” that allows students to 

either access the problem from multiple entry points and/or that the task should allow for 

multiple solutions.  The EMTLs that mentioned open-ended/multi-solution did so in all 

three surveys with only one EMTL mentioning it in the first two surveys and another 

only mentioning it in the third survey. 

The final theme that is evident from the surveys was representation and how it is 

important for students to be able show their thinking using pictures, number, and/or 

words.  I am curious why this theme is not more prevalent in the EMTLs’ responses.  I 

believe that the idea of representation should have been evident more, especially in the 

second and third survey, as this was a requirement of the summer curriculum project for 

the EMTLs to put the following statement on each task that was created, “show your 

thinking using pictures, number, and/or words”. 

Overall, the results from the three surveys on what the EMTLs’ believe makes a 

quality task suggested that there is little to no change in EMTLs’ understanding of what 

is a high cognitive demand or quality mathematical performance task.  The surveys did 

highlight the fact that some EMTLs have a deeper understanding of what a quality 

performance task might look like or might entail versus other EMTLs.  This is evident in 

the following two examples, the first being an EMTL having a deeper understanding: 

EMTL #1: A quality task engages the student, is multistep, may have more 

than one way to reach an answer but is within the student's reach if they 
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connect to what they already know, requires students to show their 

thinking and/or justify their answer. 

 The second example by EMTL #17 illustrated a more surface level explanation, 

“a quality task is something that allows students to show everything they know 

about the given topic”.  While it appeared that there was little or no change in 

EMTLs’ understanding it did appear that the themes (connections to mathematical 

ideas and real world, communication and reasoning, increase students’ 

mathematical understanding and higher-level thinking skills, student 

perseverance, open-ended/multi-solution, and representation) are clear indicators 

that EMTLs have some understanding of high cognitive demand or quality 

mathematical performance task.  The level of complexity of that understanding is 

clear and evident among EMTLs. 

Survey: importance of process standards.  The responses from the EMTLs 

around the importance of the NCTM Process Standards and their relevance to high 

cognitive demand mathematics task tell an interesting story as the number of EMTLs 

stating they were Very Familiar with the NCTM Process Standards changed by the end of 

the third survey (See Table 8).  This change is interesting because the percentage of 

responses for Very Familiar went from about 35% in the first survey to 28% in the 

second and 73% in the third, and this may indicate a greater understanding by the end of 

the study.  Between the first and second survey there was little change, but there was 

considerable growth by the end of the project.  This could suggest that the EMTLs’ 

understandings changed towards understanding not only the Process Standards but also 
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the EMTLs’ understandings when it comes to high cognitive demand mathematics 

performance tasks.  While the reason for this growth is not clear, a possible explanation 

could be that once the EMTLs used the task with students they developed a practical 

understanding of the Process Standards.  It is important to note that the EMTLs that 

selected a response of Very Familiar or Fairly Familiar in survey one and two also 

selected the Very Familiar in survey three. 

 
 
 

Table 8  

Familiarity to the Process Standards from the Survey 

 
Very 

Familiar 
Fairly 

Familiar 
Somewhat 
Familiar 

Not at all 
Familiar 

Total 
Percentage 

of 
Responses 

Survey 1 35% 11% 35% 18% 85% 

Survey 2 28% 28% 28% 14% 70% 

Survey 3 73% 9% 9% 9% 55% 

 
 
 
In the three surveys the EMTLs were asked to rank their understanding around 

each Process Standard and their understanding around what makes a high cognitive 

demand task, based on the rubric (Appendix E) using the scale of Very Important, Fairly 

Important, Somewhat Important, Not Important.  The EMTLs also stated the importance 

of the Process Standards and its importance to effective tasks.  The majority of the 

EMTLs’ responses were either Fairly Important to Somewhat Important when thinking 
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about the criteria from the rubric and the Process Standards in all three surveys.  In the 

free responses section, the EMTLs all agree that the Process Standards are important.  

This appeared to suggest that the EMTLs believe the Process Standards are related to the 

quality of high cognitive demand tasks. 

Survey: content knowledge and connections.  The EMTLs were asked about if 

performance tasks support or hinder students’ content knowledge and connections to 

mathematics content.  All the EMTLs responses from all three surveys stated that 

performance tasks assist students in both mathematics content knowledge and 

mathematics connections.  The reasons given were all very similar and did not change 

from survey to survey.  Examples that highlight the EMTLs responses: 

EMTL #3: (S)tudents increase their knowledge by thinking through the 

process.  That is, the students must be able to think and not just spit back 

an answer using an algorithm. 

EMTL #6: The creating of connections to existing content needs to occur 

prior to the use of the performance task.  The task should serve as a 

measure of student content knowledge, and a connection to what they 

already know. 

EMTL #9: Performance tasks assist students in increasing their content 

knowledge. I allow my students to work together and I really think that 

cooperative learning experience allows students to problem-solve together 

and discuss their thinking prior to communicating their thinking in 

writing. 
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The EMTLs responses suggested that they believe mathematics performance tasks should 

support students’ mathematics content knowledge and connections to mathematics 

content. 

Survey: use of representations and communication.  The EMTLs responses on 

all three surveys acknowledged that they believe performance tasks assisted students in 

making multiple mathematical representations and encourages them to communicate their 

thinking. In some of the responses, the EMTLs declared that the multiple representations 

should be using pictures, numbers, and/or words.  The phrase pictures, numbers, and/or 

words appeared multiple times in EMTL explanation.  This could be a result from at least 

two different areas: all the previous tasks had this phrase and this was a requirement for 

the summer curriculum project to have it on each task. 

The EMTLs agreed that performance tasks should encourage communication and 

assist with students connecting to other mathematical problems or representations.  A 

typical response received from the EMTLs was: 

EMTL# 3: Well written performance tasks encourage students to 

communicate their mathematical thinking by engaging them in 

mathematical concepts, asking questions that require a greater level of 

depth and encouraging explanation on their solution paths. 

Like increasing student content knowledge and connections, the EMTLs suggested that 

performance tasks encourage students' use of representations and communication of their 

thinking. 
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Survey: problem solve and apply reasoning skills.  The EMTLs responses for 

all three surveys acknowledged that performance tasks assist students in developing their 

problem solving and ability to apply reasoning skills.  An EMTL stated clearly why 

performance tasks assist students and their problem solving: 

EMTL #18: Yes, the mathematics needed to solve a problem in a task is 

not immediately evident.  Students have to figure out how to use the 

information given to reach a solution.  Working through a task is all about 

reasoning through a problem and planning an approach to reach a solution. 

Another EMTL stated why the tasks support reasoning skills: 

EMTL#15: Yes, the performance task should give students an opportunity 

to explain their thinking whether in writing or verbally.  In other words 

they ask students to prove their answer or give a reason for their answer. 

While these are only two examples, the other EMTLs had similar remarks. 

Finally, the surveys developed a picture of the EMTLs and their understanding 

of mathematics performance tasks.  The first survey’s data suggested that the EMTLs 

believe that mathematical practice or process standards help to define a quality task.  The 

EMTLs also seem to suggest that the process standards are intertwined with high 

cognitive demand.  The process standard of representation is evident in all the EMTLs’ 

responses as being a key factor for effective tasks.  During the first survey, it is evident 

that the EMTLs believe that performance tasks assist students in developing a deeper 

understanding of the mathematics content they are learning and that it allows the use of 

connections, communication, and the use of applying representation.  While the first 
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survey suggested that the EMTLs had understood many of the characteristics of high 

cognitive demand mathematical task, this did not match with the evidence from the pre 

task.  While the first survey served as an indicator of whether the EMTLs understood 

what constituted a high cognitive demand task, the pre task collection assisted in helping 

to see if the EMTLs understood what a high cognitive demand task would look like.  It 

became evident that many of the EMTLs could explain the characteristics of a high 

cognitive demand task based on the first survey. The results from the second survey 

suggested that there was little to no change in the EMTLs’ understanding of high 

cognitive demand during the curriculum writing weeks.  This could be a limitation of the 

time frame of the curriculum project.  The data did seem to corroborate that the EMTLs 

did understand the qualities that make a task high cognitive demand.  The qualities that 

were identified by the EMTLs appear to be: connections to mathematical ideas and the 

real world, communication and reasoning, increase students’ mathematical understanding 

and higher-level thinking skills, student perseverance, open-ended/multi-solution, and 

representation.  The second surveys also examined the Process Standards and how these 

standards appear to the EMTLs to be connected to high cognitive demand mathematics 

performance tasks.  The EMTLs believed that the Process Standards assist in defining 

what makes a quality high cognitive demand task.  The EMTLs’ understanding of the 

Process Standards did not shift between the surveys.  The EMTLs’ conviction about the 

importance of these standards and how they assist students was evident.  The results from 

the third survey once again seemed to indicate that there was little to no change in the 

EMTLs’ understanding of high cognitive demand.  The data from the third survey did 
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seem to mirror both the first and second survey results.  It appears that EMTLs 

considered the mathematical practices or process standards helped to define quality tasks.  

It appears that the EMTLs clearly suggest that performance tasks assist students in 

developing mathematics content knowledge and connections to mathematics content, 

encourage the use of representations to communicate their thinking, and encourage 

students to problem solve and apply reasoning skills. 

It appears that EMTLs considered the mathematical practices or process standards 

helped to define quality tasks.  The surveys also expressed that there was little change in 

the EMTLs from each administration of the surveys.  It is interesting to note that while 

there is little change from one survey to another, the EMTLs clearly suggested that 

performance tasks assist students in developing their students’ mathematics content 

knowledge and connections to mathematics content, encourage the use of representations 

and communicating their thinking, and encourage students to problem solve and apply 

reasoning skills. 

Pre and Post Task Collection  

The data collected from the EMTLs for their pre and post task collection assists in 

determining their understanding of cognitive demand.  The pre and post task collection 

examined the EMTLs ability to correctly identify high and low cognitive demand tasks.  

This collection took place before and after the two week summer curriculum project and 

helped to identify EMTLs understandings.  The inter-rater reliability for the pre and post 

task indicated that in two different tasks that one person on the three-person rater team 
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disagreed and after further discussion about the task the rater team came to a consensus 

about the differing interpretation of the task. 

Table 9 illustrates that out of the 16 pre tasks collected at the beginning of the 

summer curriculum project 6 of the EMTLs correctly placed their tasks as either high or 

low level tasks with 10 incorrectly placed.  The post task results indicate that the number 

of correctly placed tasks rises from 6 to 8 and the number of incorrectly placement 

declines from 10 to 1.  There are 7 responses that did not state whether the tasks were 

neither high nor low cognitive demand. 
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Table 9   

Sorting Chart for Pre and Post Tasks for All EMTLs 

   
Correctly 

Placed 
Incorrectly 

Placed 

Did Not 
State High 

or Low Total 

Pre Task   6 10 - 16 

Post Task 
  

8 1 7 16 

 
 
 
When examining the EMTLs’ narrative that corresponds with the post tasks, eight of the 

EMTLs correctly placed their task as being high or low cognitive demand with 7 EMTLs 

not stating the cognitive level one way or another.  The EMTLs that did not either state 

that their post task was either high or low were marked as Did Not State High or Low in 

Table 9.  When examining the tasks from the seven EMTLs that Did Not State High or 

Low, it appeared that one or two things happened.  First, the EMTLs either solved the 

task or discussed how they would solve the task.  Or, second, they discussed how 

students would respond to the task and if the task was too complicated for their students. 

The pre task collection suggested that a few EMTLs might be able to identify 

tasks that are high cognitive demand tasks.  One EMTL that moved from an incorrect pre 

task placement response to a correct post task response is EMTL #9.  The reasons why 

EMTL #9 believed that the pre task was high when it was low cognitive demand was 
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because it had to do with money and that students struggle with the concept of money.  

EMTL #9 correctly placed her post task as low cognitive demand because of the 

following reason: 

EMTL#9: This is more of an activity lesson rather than a task.  This isn't a 

real world situation.  This isn't a problem-solving task.  This could be 

changed to give each student a pile of cubes, paper, and pencil, so they 

have multiple options for how to solve the problem.  Tell student to show 

different ways to make 10 with numbers, pictures and words and 

manipulatives.  Tell students to write the equation with each 

representation. 

This instance identified the EMTL’s understanding about cognitive demand before the 

summer curriculum project to after the project.  The EMTL could explain why the post 

task is not a high cognitive demand task.  In another case, EMTL #14 also incorrectly 

placed his/her pre task and correctly placed their post task.  In the pre task, the EMTL 

confirmed that the task had the following attributes: 

EMTL #14: multiple entry points, allow students to show different 

processes, students must identify coins, count collections of coins and 

compare amounts money.  Apply skills to real-world situation, and explain 

their thinking.  Many of these attributes are what make cognitively 

demanding tasks high but while the task has some of these attributes they 

appeared to be at a surface level of demand. 
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EMTL #14’s post task narrative also explains attributes of high cognitive demand 

but is correctly placed.  This may identify that EMTL #14 has an understanding of 

high cognitive demand but is unsure what it looks like in a task. 

The pre and post task collection data suggested that a few of the elementary 

mathematics teacher leaders' understanding of high cognitive demand may have shifted 

from the beginning of the summer curriculum project to the end of the two week project.  

While it appears that many EMTLs had some type of understanding of high cognitive 

demand tasks, I am unable to say for certain that all EMTLs shifted in their 

understanding. 

Audio Recordings: Vetting of Tasks  

The EMTLs were audio recorded during their performance tasks vetting sessions.  

There were a total of ten vetting sessions, involving ten different mathematics 

performance tasks.  Each vetting session lasted about twenty minutes and took place in a 

separate room to give the EMTLs a quiet place to discuss.  The vetting sessions took 

place with each EMTL participating in the session by having them work the 

mathematical task.  During each vetting session, the grade level group or individual 

EMTL that created or adapted the task took part in the session.  These tasks were 

designed for kindergarten through grade six students.  Six vetting sessions had two 

EMTLs and four tasks had six EMTLs.  The audiotape recording began on day three of 

the summer curriculum project.  This start date allowed the EMTLs to create and adapt 

existing tasks before coming together to vet their tasks.  During the analysis of these 

sessions of the vetting session the following five themes were revealed: 1) mathematics 
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content, 2) mathematics pedagogy, 3) cognitive demand of the task, 4) formatting, and 5) 

EMTLs’ beliefs about how students would perform on the task.  It is important to note 

that at the beginning of each vetting session the team of EMTLs vetting the task was 

required to do the mathematics before the task was vetted. 

In examining the transcripts from the vetting sessions, the mathematics content 

being discussed appears to be only at a surface level.  The fact that the EMTLs are 

discussing only surface level content in their discussions parallels the EMTLs’ district’s 

mathematics standards since many are written to a surface level understanding.  This also 

highlights how the EMTLs define their understanding of high cognitive demand tasks.  

During one vetting session about 2D or 3D shapes, one of the EMTLs stated that she did 

not understand the content being addressed in the task.  The EMTL explained that she did 

not understand what the new shape was that was being made.  The other two participants 

in this session did not address this EMTLs lack of knowledge but simply glossed over her 

concern by just stating the answer to the task.  This could be a cause for concern, what if 

a student asks the same question?  Will the EMTL be able to answer the student?  Do 

they even understand what the new shape was?  This example shows a clear lack of 

mathematical understanding but also a possible lack of understanding of what make high 

cognitive demand tasks. 

The reason it was required to have the EMTLs solve each task was with the hope 

that this process would help identify the mathematical content that is needed for a student 

to complete the task.  A conversation between EMTLs regarding a grade one task, 

highlights how the intent of the task, skip-counting, was lost because of the context of the 
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problem that was given no longer supported the task’s goal, “It’s not really skip counting 

anymore…(It is) equal groups.”  It was evident in this task that the teachers became 

aware of the content and what was being expected for grade one students.  Another good 

example, EMTLs changed their task to better fit the mathematics content their goal was 

in a task about rounding numbers.  In this task Regina and Maria are the two students in 

the context of the problem: 

Linda: You can even do … one or two or you … what did she round to… 

Two … who is the winner…and then explain your thinking for each 

question. 

June: What did you round? So you’ll all round it to the nearest hundred, 

and you said Regina was the winner. 

Connie: What about Maria? 

June: I say Maria was the winner. 

Connie: Okay but I mean I was thinking that they both are because we 

struggled with "it is approximately 3,000" so first we had all numbers that 

would have round if they showed the thousands place they would all round 

to 3,000. Let's make it two minus one. 

This example demonstrates how the three ETMLs changed their task to better meet the 

needs of their students by adjusting the numbers.  The process of solving each task as 

they vetted helped the EMTLs better understand not only possible student 

misconceptions but also allowed them to think about the mathematical content, even if it 

appears to be only at a surface level.  In the example above, it also highlights how the 
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three EMTLs look at the numbers of the task and adjusted it.  While adjusting the 

numbers did make it more cognitively demanding for grade 3 students, it also highlighted 

that the EMTLs were focusing on the procedure of rounding versus a bigger idea of 

mathematics like estimation. 

Other times during the vetting sessions, it was evident that there were discussions 

around mathematics pedagogy.  The discussions were limited in nature and often times 

revolved around the idea of students solving the task using numbers, pictures and/or 

words.  The numbers, pictures and/or words phrase was written on every task created.  It 

was determined by the EMTLs that this phrase best supported the teachers who would be 

using the task in understanding their students’ mathematics.  It is also important to note, 

that many of the decisions and modifications to the tasks during the vetting process were 

done with the lens of what might happen in a teacher’s classroom.  The changes and 

modifications that were being addressed by the EMTLs fall in the themes of mathematics 

pedagogy. 

While the majority of the mathematics pedagogy revolved around the idea of 

students needing to represent their mathematical thinking using numbers, pictures and/or 

words, there also were discussions about how the context and what the students would do 

in the task and how it supports the students’ thinking.  The example below illustrates one 

interaction between three EMTLs, Gail, Gloria, and Grace when they were vetting a task 

about comparing and sorting attributes of shapes in a grade two task: 
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Gail: We're combining them all. Do we have to take comparing and 

sorting attributes or can we just write attribute? I think there is still 

comparing. 

Gloria: Yeah, I just want to know if that was going to be like a long 

comparing, contracting and sorting. And can we just say comparing and 

sorting attributes maybe you don't have to have contracting in there. 

Gail: Yeah! 

Gloria: And I don't really understand what the difference is in comparing 

and contrasting, anyway. 

Gail: Okay! 

Grace: Okay, yeah! 

Gloria: Okay, I feel like it does kind of fix knowledge. 

Grace: I don't know how real world it is but shapes are very… 

Gloria: I mean you can make your real world like when you're doing your 

Venn diagram, like you might say like, real world application like put it in 

there maybe? I don't know. Maybe it's not there real world, but again like 

shapes. But now, I'm Okay with that one… 

Grace: Hold this question. Hmm…, justify by adding in that part about 

explain how you sorted, right? 

Gloria: Right! 

Grace: Oh it's good to me. 
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This example demonstrates not only the EMTLs understanding of how the tasks would be 

taught but also how the students would need a real world context to help them better 

understand the task.  This example illustrates that the EMTLs are thinking that a real 

world context raises the cognitive demand of the task. 

Throughout the vetting the EMTLs focused on making sure the context of the task 

allowed for multiple pathways to a solution and that the task could also have multiple 

solutions.  Each task that was modified and/or created by the EMTLs had either the 

multiple pathways or multiple solutions and in many cases both.  By having either or both 

requirements the EMTLs maintain a higher cognitive demand in their tasks.  It was 

evident that the multiple pathways and/or solutions were what the EMTLs believed to be 

maintaining cognitive demand.  In instances where the cognitive demand of the task was 

lowered was because of the scaffolding that the EMTLs believed was needed to support 

students in successful solving the task (Appendix I). 

In a task about elapsed time, Joan declared: 

When you think about it, the kids if they don’t know a lot (about) time, 

they’re either going to use the clock or they may have to draw but I don’t 

think it hurts to put in an example.  Hopefully, teachers are using that 

strategy and like using charts to show that that’s the way you can figure it 

out because a lot of the kids don’t know like especially with the half hour 

like the one hour because it starts at 8:15. Tricky, I think. 

While it is Joan’s belief she is maintaining the cognitive demand or possibly increasing 

the demand, she fails to realize that having an example for the students decreased the 
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demand of the task.  Joan also fails to recognize that elapsed time is not a big idea in 

mathematics.  In another example, an EMTL explained to the other EMTLs whether they 

should put in scaffolds. 

I think we should take out the material 'cause if it is something they draw 

anyway it's not really a material, but then I think that would be a good 

thing to put in the scaffold or support. 

The EMTLs decided to keep the scaffolds in because they thought it would be helpful in 

solving the problem, once again lowering the cognitive demand. 

The last two themes from the analyses of the audio recording of the vetting 

sessions have the EMTLs discussing the idea around formatting and their own beliefs on 

how would perform on the task.  There were also discussions around formatting the tasks.  

Multiple times during the vetting sessions the EMTLs would begin and end each task 

with conversations around task format.  The conversations were around the picture being 

used, and not around if the pictures lend support to students’ mathematical understanding. 

It was around if the picture was aesthetically pleasing to look at or not.  The other 

discussions around formatting had to do with font style and size and whether the paper 

should be landscape or portrait.  The discussion around format illustrated some of the 

surface level conversations that took place during the two-week summer curriculum 

project. 

The discussions around beliefs about how students would perform on the task 

shed some light on the EMTLs beliefs.  In one vetting session, two EMTLs were 

discussing how their students might react to a geometry task: 
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Helen: Right, that's true. But then do we want to say you have to lift, like 

I'm just wondering, I feel like I would have kids that absolutely like plane 

shapes, space shapes, you know, nothing in the middle.  

Mary: Yeah! 'Cause if you know a kid and maybe they have a lot 

knowledge on that like, they might like comparing rectangle and squares, 

but if you know that they know more than that then... 

Helen: Alright, yeah! I mean I didn't know like, I struggled with that like 

not giving them too many directions thing because I was thinking myself, 

I know what I want it look like when you're done. 

This example illuminates how the two EMTLs are thinking about possible solutions their 

students might have to the task and their students’ understanding of plane and space 

shapes.  It also indicates the EMTLs desire to leave the task open by not giving to many 

directions. 

The data from the audio recording of the vetting sessions along with the field notes 

suggested that the EMTLs focused on mathematics pedagogy during tasks modification 

and creation.  The phrase "solve the task using numbers, pictures, and/or words" was 

used for every task that was modified or created.  The phrase was a requirement set by 

the district for this project and was written on every task.  When the EMTLs worked out 

their tasks it was evident that each of their tasks could be solved in this manner.  What 

was unclear was whether the EMTLs believed that all tasks needed to be solved in this 

fashion.  The EMTLs’ accomplished this requirement by setting each task in a real world 

context.  This type of thinking matched the data from the three surveys. 
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The EMTLs focused on the cognitive demand of the task by making sure that 

their tasks had context that allowed for multiple pathways to a solution or by making sure 

the task had multiple solutions.  Of the different characteristics regarding high cognitive 

demand, the multiple pathways or solutions was most prevalent and discussed in almost 

every vetting session.  There were some cases where the EMTLs lowered the cognitive 

demand by putting constraints on the problem or by putting in too many scaffolds in an 

attempt to make the task more open.  Stein, Grover, and Henningsen (1996) define 

mathematical tasks as a set of problems or single complex problem that focuses students’ 

attention on a particular mathematical idea. 

When examining the data from the audio recording and field notes, it was evident 

that for each of the vetting sessions the EMTLs’ focused on the aesthetics of the task.  

While the aesthetics of the task did not appear to be related to the EMTLs’ understanding 

of high cognitive demand, it was often how each vetting session discussion began and 

ended.  The format discussion of the tasks focused on the font size and style, did the task 

need a picture and which picture was the better, and whether the page the task was 

written on should be landscape or portrait.  These discussions appeared to be surface 

level at best but it would be interesting, in a follow up study, if the pictures, font, and 

paper orientation had to do with scaffolding for students. 

During the vetting sessions, the EMTLs’ beliefs about how students will interact 

with the tasks were also discussed.  The EMTLs had two lines of thought when it came to 

the students that would be doing the tasks.  First, the EMTLs discussed the possible 

solutions their students might give in response to the task.  Second, the EMTLs believed 
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that for all students to access the problems then they would need to leave the task open by 

not giving to many directions. 

The post task collection focused on identifying tasks that are either high or low 

cognitive demand.  The post task collection seems to suggest that there was a shift in 

understanding for the EMTLs.  When examining the data from the pre task and the post 

task more of the EMTLs were able to identify correctly if a task was high or low in its 

cognitive demand.  While it appears that many EMTLs had some type of shift in their 

understanding between the pre and the post task collection, the data is inconclusive to 

identify what that shift was exactly. 

The EMTLs’ understandings of high cognitive demand mathematics performance 

task appeared to have some change for the positive when adapting and creating tasks.  

The data seems to indicate that between the pre and post task collection there was some 

growth while the data from the vetting sessions appears to tell the story of the possible 

change.  The results from the data the using the second survey suggested that there was 

little change in EMTLs understanding of high cognitive demand.  The data did seem to 

support that the EMTLs did understand the qualities that make a task high cognitive 

demand.  The data from the vetting sessions while not as clear as the pre and post task 

collection, hint at possible themes: mathematics content, mathematics pedagogy, 

cognitive demand of the task, aesthetics of the task, and the EMTLs’ beliefs around how 

students will interact with the tasks.  It appears that more studies in this area will be 

needed. 
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In summary, the EMTLs were asked during the summer curriculum project to 

examine already created mathematics tasks before beginning to create mathematics tasks 

from scratch.  The EMTLs were asked to see if the mathematics tasks incorporated three 

“must haves”: the task needed to match the district’s mathematics standards, the task 

needed to focus on Big Ideas of Mathematics, and that the task must be high cognitively 

demanding.  The mathematics content that was being discussed during the vetting 

sessions was at a surface level of understanding.  The EMTLs were creating and adapting 

tasks that first focused on the state’s standards versus making tasks and then finding 

which standard the task might match.  This caused the tasks that were created or modified 

to focus on standards as isolated topics.  The EMTLs were trying to create a task for each 

state standard.  An example of this issue is best highlighted in grade 6 where the teachers 

created a task around order of operations.  This task was about comparing two different 

solutions but was set in a real world context.  The EMTLs believed that because it was set 

in the real world context that the task was high cognitive demand.  There are two 

fundamental issues with this task.  First, when a task is set in a real world scenario it does 

not always make it high cognitive demand.  Second, the mathematics content, order of 

operations is a convention of mathematics.  This state standard does not elicit a high 

cognitive demand task situation.  The confusion this example shows is that the EMTLs 

were trying to create a high cognitive demand task to content that might not be 

appropriate.  The analysis of the mathematics content also suggested that there appeared 

to be a lack of mathematics understanding by the EMTLs around the content.  This issue 

is concerning because the lack of mathematics content knowledge would cause a lack of 
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cognitive demand in the tasks.  Kisa and Stein (2015), suggest that teachers need to 

monitor their own thinking and how it facilitates students’ high-level thinking and if this 

does not take place then the cognitive demand is diminished.  There were a few times that 

the EMTLs suggested that they didn’t understand the mathematics in the problem and the 

other EMTLs did not have a discussion around the mathematics.  This could be from 

three different circumstances. First, many of the EMTLs did not have a relationship with 

each other besides working on the summer curriculum project and did not feel 

comfortable enough to share.  Second, that the EMTLs felt they were supposed to be the 

mathematics leaders for the district so they should already know everything about 

mathematics. Third, the EMTLs did not understand the mathematics content to a deeper 

level.  While the reason for not discussing the mathematics was unclear, but the 

ramifications around the task development were problematic. 

EMTLs Reflections After Student Implementation  

After the two-week summer curriculum project was completed the EMTLs were 

to notify me when they had completed a task with their students.  At that time, I emailed 

the EMTL a reflection sheet (Appendix C) that they would complete and return.  There 

were 20 EMTLs that participated in this study.  Out of the 20 EMTLs, I received 11 

responses.  This is slightly over a 50% return rate. 

During their reflection narratives, the EMTLs were asked about the advantages/ 

disadvantages of using high cognitive demand mathematics performance task in their 

classrooms.  Their responses gave an insight into their thinking about cognitive demand 
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and implementing performance tasks.  Many of the advantages for using high cognitive 

demand tasks can be summarized by Jamie and Suzy: 

Jamie: Tasks provide me with more detailed understanding of student 

thinking than can be obtained from multiple choice testing.  High 

cognitive demand tasks also show how students are progressing as 

compared to the process goals.  With tasks available for each specific 

strand of SOL, it makes assessment, re-teaching, and remediation clear. 

Suzy: The advantages are that I am able to obtain more individualized 

assessment information about what a student understands and knows. I 

also believe that students are challenged to think more critically about a 

problem because they can’t just guess by choosing an answer choice. They 

are required to explain their thinking with performance tasks. 

It is clear in both of these examples and in the other responses not shown, that the 

EMTLs believed that high cognitive demand tasks support their understanding of their 

students’ thinking.  They believed that the tasks provide opportunities to have their 

students be challenged more and to think critical about the task they are work on.  The 

EMTLs also responded by stating that cognitively demanding tasks have multiple 

pathways to solve problems and have multiple solutions. 

When I examined the EMTLs’ responses about the disadvantages of cognitively 

demanding task the themes of time and students not being cognitively ready for the task 

was evident. 
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Kristie: (A task) takes a long time to grade.  I felt overwhelmed by the fact 

that I felt like I needed to use the rubric to get an accurate grade.  The 

rubric didn’t cover all parts of this task.  There were no sample papers to 

get an idea of what a 1, 2, 3 or 4 should be. 

Blake: Disadvantage-time consuming. 

Brendan: One disadvantage is in first grade sometimes the higher 

cognitive tasks are not developmentally appropriate.  Some of the children 

get it, but some of them still need other foundational skills to build on. 

The three examples highlight the difficulties the EMTLs faced when implementing the 

tasks with their students. 

The EMTLs were next asked about how they thought that high cognitive demand 

mathematics performance tasks benefited their students.  Once again their responses were 

similar in nature.  The EMTLs’ highlighted that their students were excited about 

working on the challenging tasks and helped students apply and deepen their own 

understanding of mathematics. 

Shannon: They were challenged to explain their thinking and show 

examples.  This extends their understanding of reasonable magnitude 

because they have to think beyond a “yes” or “no” type response. 

MacKenzie: I love the tasks because you can really see different ways of 

thinking about math.  I like to have students work on the tasks 

independently or talk it over with a partner, and then share and discuss the 

different strategies.  The tasks are also beneficial because you can really 
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see kids taking the math they have learned and applying it to the task.  The 

kids I am working with can catch on to a math concept quickly but the 

task force them to apply their knowledge to real life situations.  They 

allow for a deeper thinking into math concepts. 

Jennifer’s response below best summarizes the EMTLs’ responses.  It also exemplifies 

how the EMTLs were feeling about the students as they worked the task. 

Jennifer: My students always develop a love for performance tasks.  At the 

beginning, they are certainly challenged and almost always struggle to 

complete performance well. When I say well, I mean demonstrating 3s 

and 4s in all five process standards.  To be honest, I always anticipate a 

groan or some sort of complaint when I say, “we’re going to be 

completing a performance task today.”  To my (delighted) surprise, my 

students begin to LOVE completing these tasks and get PSYCHED 

whenever they are faced with a high cognitive demand performance task.  

They rise to the occasion and look forward to completing them.  They like 

working with partners and/or small groups and they enjoy sharing their 

problem-solving strategies.  I love when I see that students actually 

understand how another student solved the same problem differently and 

are able to then use that strategy moving forward. 

The responses are evidence that the EMTLs believe high cognitive demand tasks are 

important for their students and allow the students to build a deeper understanding of the 

mathematics that they are working on. 



 
  

86 
 

The EMTLs in their reflection narratives responses give an insight into their 

thinking about cognitive demand after implementing performance tasks with their 

students. In the EMTLs’ reflection narratives, it became clear that they believed that the 

students benefited from the experience of doing tasks and that it provided the students 

with a challenge because they had to think critically when solving.  It is clear that EMTLs 

believe high cognitive demand tasks support their understanding of their students’ 

thinking.  The EMTLs reflection narratives discussed that cognitively demanding tasks 

need to have multiple pathways and multiple solutions.  The EMTLs also responded with 

disadvantages to cognitively demanding tasks.  The EMTLs’ stated that the lack of time 

for the task to happen during the class and then also for the teacher to examine the 

students’ work was problematic.  The EMTLs also stated that it appeared that some of 

their students were not cognitive ready for the task. While it was evident from the 

EMTLs that they believed high cognitive demand tasks are important for their students 

and allow the students to build a deeper understanding of the mathematics, it was unclear 

it the EMTLs themselves better understood cognitive demand. 

Three EMTLs Interviews  

The final reflection narrative along with the other data collected assisted me in 

determining which EMTLs I would interview.  Kristie, Blake, and Brendan were 

interviewed after their second implementation of a performance task.    Each EMTL was 

interviewed separately at their school on different days. These three EMTLs were 

selected because they were assigned as a team of teachers to work together to create 

performance tasks for grade 3 and based on their responses from their first reflection 
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narrative after students implemented the performance tasks.  During the interviews, each 

EMTL was asked the same seven questions that were used in their first reflection. 

When asked to describe if there were advantages to using mathematics 

performance tasks in their classroom, Kristie focused on how the tasks benefited the 

teacher “…it gives me a better sense of who can explain their thinking versus who can’t 

really explain their thinking…” while both Blake and Brendan focused on how tasks help 

students understand math.  Blake stated, “…(Tasks are) putting math in context for 

students and helping them really think about not just one piece of math but have 

connected to other pieces of, other strands within math. So, they're really taking what 

they know and finding ways to apply and make meaning from it”.  Brendan response was 

similar “The biggest advantages that I see are putting math in context for students and 

how it's connected within math”. 

The three EMTLs were also asked to describe if there were disadvantages of 

using mathematics performance task in their classroom.  Brendan points out that the issue 

of time is a major factor in utilizing mathematics performance task both for the teacher 

and for the student. 

Brendan: I haven't found other downfalls other than time and I find that 

my hardest piece of getting teachers on board with performance tasks.  

When you say, "We're going to do some one problem and we're gonna 

spend an hour on it and it's gonna be amazing."  They look at you like 

you're crazy.  And how can you possibly spend an hour on one problem.  

So, I think time-- because there's so much pressure.  We've all got these 
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standards and all these things we have to teach and what if they don't get it 

and I spend this time on this?  Uh-mm, there's a stress there.  And there's a 

lack of confidence in the process in allowing children to learn that way.  

Uh-mm, but at the-- on the opposite end, you mentioned like the long-term 

benefits is we're teaching our students to think.  We don't want you to 

think.  We just want you to memorize and retrieve and send out these 

answers and we're not preparing our students for the real world.  We're not 

preparing them for life.  And we have to get them back to being thinkers 

and inquirers and asking questions and collaborators and problem solving.  

And we're not doing-- performance task provide these opportunities to get 

what we really want for our kids.  We want them to be successful in life.  

We want them to be self-sufficient.  I don't want my kids calling me when 

she's thirty-two and she can't figure out how to estimate her groceries and 

her taxes, right?  Go to school and learn how to do that stuff herself.  And 

I think that's the big idea for performance tasks,  we're really preparing 

kids for life. 

It is evident that Brendan believed that mathematics performance tasks are an advantage 

for students and teachers, he also believed that there are barriers that do not support this 

kind of teaching.  These barriers can be the lack of time for implementing the task, the 

state standards, or the end of course multiple choice assessments, or the fact that many 

teachers in his school do not use performance tasks to help drive their instruction. 
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Blake described disadvantages for tasks with the lenses of how her teachers 

struggle with using them: 

Blake: I find that my hardest piece is getting teachers on board with 

performance tasks, when you say, we're gonna do this one problem and, 

they look at you like you're crazy.  I think time is a big disadvantage.  

There's so much pressure about all they have to teach and what if they 

don't get it? There's a stress there.  In education, we have taken the 

thinking out of it.  We don't want (you) to think, we just want you to 

memorize. We’re not preparing our students for the real world and for life.  

We have to get them back to being thinkers and collaborators. 

Blake’s account for the disadvantages of mathematics performance tasks was extremely 

similar to Brendan’s.  Blake, like Brendan, focused on how our current practice of 

teaching is not preparing our students for the future. Like Brendan, she credited the issue 

of lack of time and the stress of the standards/ state test with driving her apprehension to 

use performance tasks. 

Kristie, like Blake and Brendan, found a disadvantage of mathematics 

performance tasks.  She focused on the time issue for the teacher and students. 

Kristie: Disadvantage, a lot of times a lot of kids have to come back to it, 

like on a subsequent day to finish like we run out of time during math, 

"um" so that was unfortunate and then for me it took a lot of time to grade 

it.  “Um” I was not -- I put it off a long time because I didn’t want to have 

to like sit and grade this whole stack. 
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Kristie’s disadvantage focuses on time for both her as a teacher and for her students when 

working on tasks.  Due to the barrier of time, it appears that the performance tasks are not 

beneficial to Kristie. 

The three EMTLs were also asked about what is high cognitive demand when we 

discuss mathematics: 

Kristie: That makes me think higher level thinking, like it’s not just 

reading the question and write answers but like, you have to either like a 

multi-step problem or um, you have to like, figure out to get what the 

question maybe the question isn’t maybe cut and dry and try to figure out 

what the question means, um I don’t really know. I mean I think that of 

these relating that it have that explain your thinking is high cognitive like I 

think that that involve them to like make them "um" involve more than 

just like an algorithm that they might know, you know they have to use 

words to explain it, um, I don’t know. 

Brendan: For me a high level of cognitive demand is something that's 

gonna make you think. Like it's not gonna be the answer is right there, 

readily available, but I'm actually going to have to think about it and work 

through a problem and use some of those strategies like perseverance to 

get to those solutions. So, when I'm evaluating problems with a level of a 

cognitive demand, I'm thinking through, How many students solved it and 

what are the strategies that they're gonna need and what's required of that? 

Is it something that they can just plug into a calculator? Um, that's not a 
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problem that I would evaluate highly and want to use but I'm looking for 

something more in depth that's really gonna push students. 

Blake: High level of cognitive demand is something that's make you think.  

I'm thinking about how many students solve this and what are their 

strategies.  Performance tasks help students reach a deeper level of 

understanding.  Rather than relying on recall or rote memorization, 

performance tasks push students to problem solve and apply their learning.  

They also support students building perseverance and resilience when 

problems might be difficult or take more time than they are used to. 

It is interesting to see that each of the three EMTLs' responses were about problems that 

make you or their students think in a deeper way.  That high cognitive demand tasks are 

more than surface level recall of facts but a deeper level that forces students to push 

themselves to answer.  Kristie’s responses were interesting as she answered the question 

she also stated that she was still unsure what high cognitive demand is. 

During their interviews, they were asked to describe if there were advantages of 

using mathematics performance tasks in their classroom. Kristie focused on how the tasks 

benefited the teacher while both Blake and Brendan focused on how tasks help students 

understand math.  The three EMTLs were also asked to describe if there were 

disadvantages of using mathematics performance tasks in their classroom.  Kristie, 

Brendan and Blake were concerned with the issue of time and its impact on being able to 

utilizing mathematics performance task both for the teacher and for the student.  This 

concern for a lack of time for implementing the task could stem from many different 



 
  

92 
 

avenues that face today’s teacher: state standards, or the use of high stakes testing, or the 

lack of familiarity with mathematical tasks.  It is interesting to see that each of the three 

EMTLs responded that high cognitive demand tasks are more than surface level recall of 

facts but a deeper level of understanding that forces students to push themselves to 

answer.  It appeared that the three EMTLs moved in their thinking about high cognitive 

demand, while not always sure, they feel that high cognitive demand tasks are what are 

best for students. 

Overall, it appears that the EMTLs did have some growth in their understandings 

about cognitive demand.  It is unclear how much growth took place; and, as this is a 

qualitative study, this research will help to tell the story of how EMTLs interact with 

cognitive demand and performance tasks.  Through the use of the different data it gives a 

better view of what type of change took place and how that change affected the EMTLs. 

Summary of Results 

There were three themes that emerged from the analysis of the data collected from 

this study: (a) that time played an important role for EMTLs when it came implementing 

tasks; (b) that there is a difference for the EMTLs between what they say, believe, and 

understand about cognitive demand and what they create when asked to write tasks; (c) 

that there is an issue when it comes to reconcile the list of district’s mathematics 

standards with the request for cognitive demand.  These three themes will be discussed in 

detail below. 

Time.  The EMTLs felt the pressure of time when implementing the tasks with 

students.  As part of this study the EMTLs were asked to have their students complete a 
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task and then respond to a narrative reflection.  The data collected from the narratives and 

the three interviews that were completed indicated that the EMTLs had a real concern 

over the lack of time to do high cognitive demand tasks.  The EMTLs stated that not only 

did they not have the time to fully administer the task because “it took longer than the 

hour that they have for math”, that some of them felt that the task was not helpful because 

it took so long to grade them.  This is troubling because all of the EMTLs in this study 

agree that mathematics tasks are important for students.  This is a case of competing 

values and interests. 

Another issue with time is when the EMTL implemented the task. During 

implementation, an EMTL was isolated from the other EMTLs in this project.  Each 

EMTL was in their own classroom and at their own school with no other person from the 

project to ask clarifying questions.  The factor of time played a role here by not having 

opportunities to collaborate with peers.  It is also important to remember that for many 

EMTLs the time they implemented the task with their students was approximately 3 to 4 

months after the summer curriculum project ended.  This time issue could cause an 

implementation dip between the EMTLs understanding of maintaining cognitive demand. 

The issue of time was evident for the EMTLs.  Whether the EMTLs struggle with 

implementing the task and analyzing the tasks for their students, or that their professional 

development took place during the summer played a factor in the outcome of how 

EMTLs understand and utilized high cognitive demand tasks. 

Say and doing gap.  The data suggested that the difference for the EMTLs is 

between what they say, believe, and understand about cognitive demand and what they 
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create when asked to write tasks.  EMTLs can explain what a high cognitive demand task 

is; but, when asked to create a high cognitive demand task, they appear unable on 

consistent bases.  It appears that EMTLs, for the most part, understand what might be 

cognitively demanding math instruction; but, when asked to translate that understanding 

into tasks, they are consistently unable to do it. 

While the EMTLs did create some high cognitive demand tasks, there was not 

enough evidence to suggest that they have a full understanding.  We can suggest that 

some of the EMTLs appeared to have made some growth in their understandings about 

cognitive demand from the surveys but this was not evident in the tasks that they created.  

As Grant, Hiebert, and Wearne (1998) suggest, just telling teachers about the benefits of 

using high demanding task is not adequate enough.  Teachers must experience the new 

practice and how it affects students understanding to have a change in their own 

understanding.  This was accomplished in this study by having the EMTLs adapt and 

create tasks as grade level teams and implement them with students.  It is also interesting 

to note that Kristie, Brendan, and Blake stated that high cognitive demand tasks are more 

than surface level recall but a deeper level of understanding.  It appeared that these three 

EMTLs moved in their thinking about high cognitive demand.  While Kristie, Brendan, 

and Blake moved their thinking there was limited evidence in their tasks that they 

modified or created. The EMTLs have a saying and doing gap.  This gap refers to what 

the EMTLs honestly believe and says what high cognitive demand is but there is a 

mismatch when creating mathematics tasks. This study provided opportunities for the 
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EMTLs during their vetting sessions but apparently additional professional development 

around cognitive demand is needed. 

Meeting the standards.  EMTLs also appeared to have an issue when it comes to 

reconciling the list of the district’s mathematics standards with the request for cognitive 

demand.  The EMTLs appeared to be focused on making sure they covered all the 

standards, regardless of the purpose of the standard, versus looking at the big 

mathematical ideas in the grade level.  This raises questions about what is meant by 

“standards-based instruction” and how teachers interpret “meeting the standards”. 

The EMTLs were asked by the district to create tasks focusing on the big ideas of 

mathematics from the different grade levels.  The data suggested that the EMTLs made a 

task for every district standard versus focusing on the big ideas.  The reasons for this 

could include one or many of the following.  The EMTLs are often in charge of their 

schools mathematics program.  This means their focus is on assisting teachers to cover 

the entire curriculum by focusing them on the district’s mathematics pacing guide. Also 

many of these EMTLs were teachers in Title I schools.  This is important because this 

highlights the focus that these EMTLs have on meeting the district’s standards and the 

state’s standards (which are incorporated in the district’s standards).  It is one of the jobs 

of the EMTLs to support their schools teachers and students and to make sure that their 

schools passes their state’s standards test.  If the EMTLs’ school does not pass the 

standards test this could affect the schools accreditation with the state due to No Child 

Left Behind and the schools and teachers feel the pressure of a high-stakes testing 

environment.  Another factor that could have caused the EMTLs to focus on this standard 
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by standard checklist approach when creating and adapting their tasks could have to do 

with the experience of the EMTLs in this study. Eighty-eight percent (table 3, chapter 2) 

of the EMTLs in this study have been teaching for less than 15 years.  Teachers that have 

been teaching for less than 15 years have only taught with the pressures of high-stakes 

testing.  This type of pressure had been with these teachers their entire career. 

While the summer curriculum project wanted the EMTLs to create and modify 

tasks to focus on the big ideas in mathematics, this did not happen.  The EMTLs appeared 

to have an issue when it came to focusing on the big ideas and reverted to the list of 

district’s mathematics standards.  By reverting to this list, EMTLs often lost the idea of 

creating and adapting tasks with high cognitive demand.  This situation was problematic 

because they sometimes tried to “force” procedural learning into cognitively demanding 

tasks. 

Chapter Summary 

In conclusion, the data collected during the summer curriculum project and the 

EMTLs responses after implementing the tasks with students showed mixed results.  The 

study investigated the processes that support or hinder an EMTL's understanding and 

development of high cognitive demand mathematical performance tasks.  From the 

surveys it appears that EMTLs believed the mathematical practices or the mathematics 

process standards helped to define what quality tasks were.  The surveys also 

demonstrated that there was little change in the EMTLs' understanding of high cognitive 

demand task across each administration of the surveys.  The pre and post task collection 

data suggested that some of the EMTLs’ understanding of high cognitive demand shifted 
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from the beginning of the project to the end.  While it appears that many EMTLs made 

some type of understanding shift in high cognitive demand tasks, I am unable to say for 

certain that all EMTLs shifted in their understanding. 

The analyses of the vetting sessions followed five themes: 1) mathematics 

content, 2) mathematics pedagogy, 3) cognitive demand of the task, 4) formatting, and 5) 

EMTLs’ beliefs about how students would perform on the task.  These themes appear to 

be how the EMTLs define high cognitive demand mathematical performance tasks. The 

after task implantation responses and interviews suggest that the EMTLs believe high 

cognitive demand tasks are important for their students and allow the students to build a 

deeper understanding of the mathematics that they are working on. 

Overall, the data helped explain how the EMTLs define high cognitive demand 

mathematical performance tasks.  The data also assisted in telling the story of how the 

EMTLs understanding of high cognitive demand mathematics performance task changed 

from the adapting, creating, and implementing the performance tasks.  From these stories 

it is evident that the issue of time played an important role for the teacher, when it came 

to her own work or that of her students.  The data suggested that EMTLs can describe 

what a high cognitive demand task is, but they appear unable to create high cognitive 

demand tasks.  EMTLs also appeared to want to cover all of the district’s mathematics 

standards, regardless of the purpose of the standard and not looking at the bigger 

mathematical idea. 
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Chapter Five 

The purpose of this study was to investigate processes for elementary 

mathematics teacher leaders’ (EMTLs) that support or hinder their understanding of high 

cognitive demand as they adapt, create, and implement mathematical performance tasks 

during a summer curriculum project.  To better understand the processes, the qualitative 

data was coded by utilizing a patterning, thematic analysis approach (Miles, Huberman & 

Saldana, 2014).  This qualitative method allowed a descriptive view of the how the 

EMTLs’ perspective about high cognitive demand and how that thinking changed during 

the process of this study.  This study was guided by the following research questions: 

a) How do elementary mathematics teacher leaders define their 

understanding of a high cognitive demand mathematical performance 

task before and after participating in professional development? 

b) How do elementary mathematics teacher leaders interpret high 

cognitive demand mathematics performance task when adapting and 

creating tasks? 

c) How do elementary mathematics teacher leaders’ understandings of 

high cognitive demand mathematics performance task change after 

their students solve mathematics performance task? 

The data collected for this study took place over a six month period of time, 

starting during the summer and then concluding in the late fall of the same school 
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year.  The majority of the data collected were during the two week summer 

curriculum project.  There were twenty elementary mathematics teacher leaders 

that participated in this stud y (nine K-2 teachers, six grades 3-4 teachers, and five 

grade 5-6 teachers). 

Discussion 

This study is unique in the fact that it focused on elementary mathematics teacher 

leaders and how they interacted with creating, adapting, and implementing mathematics 

performance tasks.  This study highlights lessons learned in regards to the professional 

development given to the EMTLs during a two week curriculum project.  It also focuses 

on the complexity of understanding high cognitive demand mathematical performance 

tasks for mathematics leaders. 

EMTLs.  The EMTLs in this study were teacher leaders at different schools, 

different student populations, and had different professional experience or backgrounds 

when it comes to being a mathematics leader.  The research around high cognitive 

demand in mathematics tasks has been conducted over the past 30 years (Doyle, 1983, 

1988).  While the district has been focusing on cognitive demand with mathematics tasks 

since 2009, it appears that the EMTLs in this study are at various places if you think 

about understanding cognitive demand on a continuum.  To focus on instruction and high 

cognitive demand tasks, it requires skillful teachers that have a deep understanding of 

mathematics content and mathematics pedagogy (Ball & Cohen, 1999; Kazemi & Franke, 

2004; Stein, Smith, & Silver, 1999). 
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In a recent study from Wilhelm (2014), she suggested that teachers need content 

knowledge for teaching mathematics (Hill, 2007) to be able to successfully interact with 

cognitively demanding tasks.  This study is interesting as it relates to my study and the 

group of teacher.  My groups of teachers are considered by the district to be the 

elementary mathematics teacher leaders, many with advanced degrees in teaching 

mathematics, and were chosen for this project because it was believed that they had 

content knowledge for teaching mathematics.  The EMTLs that were chosen for my study 

had varying degrees of content knowledge for teaching mathematics; however, their 

discussions around mathematics were mostly surface level. 

In this district each elementary school has a mathematics teacher leader.  This 

leader is often times designated by the school’s principal.  This can be problematic 

because the principal may or may not know what it takes to be a strong mathematics 

leader (e.g., strong mathematics content knowledge for teaching, understanding of 

cognitively demanding tasks).  The need to clarify the qualifications regarding what it 

takes to be a knowledgeable and effective mathematics leader should be examined for 

future research. 

Finally, the EMTLs chosen for this study did highlight some change in their 

understanding regarding high cognitive demand with mathematics performance task.  It 

would be interesting to see if the EMTLs maintain this change in the years to come or do 

they revert back to their formal understanding. 

Professional development.  There are studies that examine teacher change in 

understanding when using cognitively demanding tasks.  Loucks-Horsley et al. (2010) 
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propose that during professional development, teachers need multiple opportunities to 

learn, reflect, and apply new practices.  The two weeks of the summer curriculum project 

the EMTLs went through supports this type of learning but it was evident that more 

support was needed for the implementation piece of this study.  Guskey (2002) suggests 

that when using a high cognitive demand task and a teacher sees positive student learning 

outcomes then the teacher changes their practice.  This is evident in the data from the 

third survey and the reflective narrative.  Teachers need experiences to affect new 

practices.  Teachers cannot simply be told about the benefits of using high cognitive 

demand tasks with the hopes that their practice will change (Grant, Hiebert, & Wearne, 

1998).  The EMTLs were given multiple opportunities to learn about cognitive demand 

through the creating, adapting, and implementing tasks with students. 

The professional development that took place during this study had two parts, the 

first being more explicit with the two one-hour professional development and the second, 

the ongoing professional development through the vetting session as grade level groups.  

It is clear from this study that additional explicit instruction is needed.  I would suggest 

that a daily explicit instruction before work begins would benefit the EMTLs by having 

them share their thought regarding their tasks and any possible misconceptions could be 

addressed by the leader who was running the project.  I would also suggest that for the 

first couple of times during the vetting process that the larger group would observe and 

ask questions while a smaller group vetted.  This would help in build a common 

understanding around vetting.  An addition adaptation to the professional development 

could be that after the first performances tasks are create the EMTLs could try these tasks 
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with students.  This would help them in determining if their tasks are meeting the needs 

of the students but also if the tasks were giving them the information that they needed to 

assess students’ understandings. 

Many researchers have studied and expanded on why cognitive demand might 

change during a lesson (Henningsen & Stein, 1997; Herbst, 2003, 2006; Stein, Grover, & 

Henningsen, 1996).  When examining my study’s data, it concludes the same findings 

that, even though the EMTLs are classified as some of the district’s best mathematics 

teachers, they still struggled with their understanding of cognitive demand and how it 

translates to mathematics tasks. 

Understanding cognitive demand.  Stein, Grover, and Henningsen's (1996) 

framework, discussed in chapter 2 (see Figure 2), illustrates the two types of demand as 

either low cognitive demand or high cognitive demand.  Further, it breaks the low 

cognitive demand into memorization tasks and procedures without connections tasks.  

The high level cognitive demand is divided into procedures with connections tasks and 

doing mathematics tasks.  My study focused on these different levels of cognitive 

demand and how elementary mathematics teacher leaders understood them.  The issue is 

that research suggests that teachers struggle with utilizing cognitive demanding tasks 

(Hiebert et al., 2003, Hiebert et al., 2005). 

While teachers may struggle with utilizing cognitive demanding tasks it brings up 

the question, should elementary mathematics teacher leaders be creating and adapting 

performance tasks?  I believe that if we want students to solve cognitively demanding 

tasks then we need to have our teacher leaders develop and adapt these tasks.  As shown 
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from the data of this study, EMTLs are on a continuum of understanding when it comes 

to cognitive demand and I believe opportunities like this project helps those leaders 

continue on the continuum of deeper understanding.  I believe if we want teachers to 

understand the curriculum they are using then they should help in creating it.  I believe 

teachers are like students in this instance they need to learn by doing. 

Implications for Future Research 

This research study was unique from other studies around high cognitive demand 

and mathematics performance tasks because this study focused on a group of elementary 

mathematics teacher leaders.  This group of teacher leaders was chosen for a summer 

curriculum project based on their effectiveness by the school division.  This study makes 

a contribution to the research around cognitive demand and how the stories of 

mathematics leaders view and understanding cognitive demand when creating, adapting, 

and implementing performance tasks. 

Implications for emtls.  One of the themes that emerge from vetting tasks was 

the possible lack of content knowledge for teaching mathematics.  While the EMTLs that 

were chosen had varying degrees of content knowledge for teaching mathematics, it did 

appear that many of them were unsure of the instructional implication of utilizing the 

tasks.  Future research needs to examine the content knowledge for teaching mathematics 

for mathematics teacher leaders.  It is through professional development that supports a 

change in students’ outcomes that in turn affects belief, like Guskey (1986) suggests, for 

classroom teachers.  Maybe it is through professional development that focuses on 

changing beliefs and practice simultaneously as is suggested by Cooney (2001).  
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Whatever the course of action, it appears that future research for EMTLs need to build 

upon their content knowledge for teaching mathematics. 

The lack of a standardized protocol to be an EMTL in this study proved to be a 

challenge.  Some of the EMTLs had a master’s degree in mathematics education K-8, 

while others have taken some district-led coursework.  There is a lack of a consensus 

about qualifications for what makes an EMTL.  These qualifications are not defined by 

this district and many states in the U.S.  It is important to identify these teacher leaders as 

having strong background knowledge of mathematics content, pedagogy, and school 

leadership (Chval, et al., 2010). 

Whether it is that lack of content knowledge for teaching mathematics or the 

qualifications that make an EMTL, it is clear that mathematics teacher leaders are being 

utilized to support the improvement of mathematics teaching (NRC, 2001).  If the 

professional development for these teachers is not improved, then we will be stuck 

mathematically as a nation.  It will be important to think about what are the qualifications 

that make an effective mathematics leader. 

Implications for leading professional development.  When examining this study it 

became evident that there needed to be more professional development for the EMTLs.  

The professional development that took place was limited in nature as it focused on a two 

week timeframe during the summer months.  While this professional development 

appeared to be limited in duration, there was a component that also asked EMTLs to 

reflect on their use of the task they used with their students.  The tasks and rubrics that 

were used in this study, in creating and vetting sessions, were designed to be professional 
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development to assist the EMTLs as the processed their own understanding.  This idea is 

supported by research around curriculum materials as being part of professional 

development (Ball & Cohen, 1996; Desimone, 2009, Hewson Love, & Stiles, 1998; 

Loucks-Horsley, Remillard, 2005). 

When thinking about designing and leading professional development for teachers 

it is important to consider how it will impact the students.  In this study the intent was 

that the EMTLs would have a deeper understanding of high cognitive demand tasks and 

that they would be able to create these tasks.  These tasks would then be given to students 

to help them increase their own mathematical understanding. 

Desimone (2009) suggests core features when designing professional 

development to increase teacher knowledge and skills and to change teacher attitudes and 

beliefs.  These core features are: content focus, active learning, coherence, duration, and 

collective participation.  I believe that my study had three of these five features: content 

focus, active learning, and collective participation.  I also believe that the results of this 

project could have been more fruitful if coherence and duration were included.  The 

inclusion of coherence would have impacted the result of my study and should be 

considered for future research. Additional ideas regarding future professional 

development needs to focus on: Does the professional development look different for 

EMTLs than classroom teachers?   What does the professional development looks like 

when students are able to interact with the task at the same time that they are being 

created or adapted? 
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Implications for supporting teachers with task adaptation and creation.  The 

EMTLs in this study had varying knowledge around creating high cognitive demand 

tasks.  During the professional development, there were two explicit one hour workshops 

that focused on the project requirements, how to create cognitively demanding tasks, and 

how to utilize the rubric to check if the task met the district’s identification of high 

cognitive demand.  The increased explicit instruction could have prevented both tasks 

that did not have high cognitive demand but also could have focused the tasks on the big 

ideas of mathematics.  I would suggest that a daily check-in and larger group vetting 

session would have benefited all participants.  This daily check-in could be around the 

idea of having larger group vetting sessions that would focus on the different aspects of 

the rubric. 

Another support would have been to work with a smaller group of about four 

EMTLs.  This would have insured a more consistent approach to task creation and 

modification.  While this model would not fit the districts needs of getting multiple tasks 

written for multiple grade levels, the quality of the tasks would have been improved. 

Implications for school districts.  The creation and implementation of high 

cognitive demand mathematics tasks is difficult for districts.  In this study, elementary 

mathematics teacher leaders were used.  These teachers were chosen for perceived 

understanding of both mathematics content and pedagogy.  As districts are incorporating 

21st century skills, the curriculum is changing.  Districts need to support the teacher from 

dispenser of knowledge to a facilitator of learning where students grapple with 

mathematical problems and construct their own understandings (Stein, Engle, Smith, & 
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Hughes, 2008).  Mathematics tasks are one way districts and teachers can provide 

students with opportunities to engage in problem solving. 

To maintain the development of problem solving districts need to support teachers 

to providing opportunities for students to engage in this type problem solving.  This type 

of problem solving calls for districts to support teachers in using high cognitive demand 

tasks that will strengthen and stretch their students understanding of mathematics.  An 

issue is that these high-level cognitively demanding tasks are challenging not only for 

students but also on the teachers who implement them (Stein et al., 1996).  Research 

suggests that when teachers use mathematical tasks in their classroom, they diminish the 

cognitive demand of the task for various reasons (Boston & Smith, 2009; Smith, Bill, & 

Hughes, 2008; Stein, Engle, Smith, & Hughes, 2008).  This is why it will be critical to 

have districts provide professional development for teachers as the move forward. 

Districts will also need to release some of the pressure caused by high-stakes 

testing.  While the standards movement was good because it focused teachers on the 

content that needed to be taught, it also had negative impact by having teachers focus on 

the detail of the standards and not how the standards fit in the larger picture of 

mathematics.  Basically, we now have teachers that can see and name every tree but are 

missing the whole forest. 

Future research.  This study was conducted in one school district in a suburban 

metropolitan area with only one group of elementary mathematics teacher leaders.  

Additional research needs to increase its scope to include multiple districts and possible 

secondary mathematics leaders.  In addition, the use of multiple researchers at different 
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sites might give a better view of the changes that take place.  The multiple researchers 

could work together to look more closely at how teachers are utilizing the tasks, and they 

could also increase the number of participants.  The researcher could focus on not only 

the change in understanding of the teacher leaders but also the implication factor the tasks 

have on students.  Another area to consider for research is around setting formal criteria 

on what constitutes as a mathematics leader, this could be coursework, years of 

experience, or a combination of both.  For this study, the participants had varying 

qualifications of what constituted as a mathematics leader and it was the district’s 

decision about what a mathematics leader was and what it was not, and it was not always 

a consistent decision. 

Additional research is needed to verify the validity of the instruments that were 

used when creating and adapting tasks, the original rubric for task creation was modified 

from an algebra setting and a pilot study to meet the needs of this K-6 study.  Teachers 

need to create and adapt tasks based on the following criteria: 

• Does the task assist a student to increase content knowledge? 

• Are students able to make connections within mathematics, across 

other disciplines, and/or with the real world? 

• Does the task encourage students to apply problem solving skills 

and/or develop higher order thinking skills? 

• Is the task based on a problem or question that is meaningful to 

students (relevant)? 
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• Are students expected to communicate their knowledge using 

reasoning skills, justifying their responses with representations and 

written or verbal statements? (Boston & Smith, 2009) 

Future research could focus on each individual criteria of the rubric to determine if 

teachers’ understanding of high cognitive demand changes versus using the whole rubric 

as was used in this study.  The study was also set that the first two weeks of this study 

took place during summer break for EMTLs and about three to four months later before 

the first implementation of tasks took place with students.  Future studies could examine 

how mathematics teacher leaders understanding of cognitive demand might change when 

the task creation and modification took place during school months so that teacher could 

immediately try the task with students. 

Conclusion 

The data from this study assists in explaining the EMTLs’ understanding about 

how they define cognitively demanding mathematics tasks before this study, during this 

study, and after classroom implementation.  The data tells a narrative of how EMTLs 

interact with the summer curriculum project of adapting, creating, and implementing 

mathematics performance tasks.  This study discussed some of the factors that supported 

or hindered the elementary mathematics teacher leaders’ understanding of high cognitive 

demand.  While the conclusion from this study appears to have mixed results, it is evident 

that some of the EMTLs understandings around high cognitive demand changed and that 

future research in this area is still need. 
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Finally, when I examine my own learning and transformation through this 

dissertation, I have come to the conclusion that teacher professional development is a 

complex progression.  While there is no one set path to take, there appears to be an ebb 

and flow in this multifaceted progression.  It is this ebb and flow in education that is hard 

to define and to pin-point.  This is where I believe research assists us to better understand 

what is happening.  I also believe that there is not just an understanding but multiple 

understandings and multiple stories to explain those understandings.  It is this idea, which 

I as a researcher, am supposed to tell. 
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Appendix A 

IRB Approval Materials 
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Recruitment Script 

This will be read to the teachers on the first day of the project in an effort to obtain their 
consent to participate in this study. 

 

I am collecting data on your understanding of high cognitive demand performance tasks 
and the mathematics process standards.  I request your written consent to participate in 
this study.  If you wish to participate in this study, you agree to answer three surveys, 
evaluate two performance tasks (one of your choice and one that I give you), be observed 
and audio taped while vetting the performance tasks, and be interviewed during the fall.  
Additionally, I will be collecting the work you complete each day and take notes on your 
understanding.  Your participation in this study is voluntary.  If you choose to participate 
or not to participate you will still be creating or modifying the performance tasks as 
planned and you will be paid by FCPS as agreed upon when you were hired.  If you 
choose not to participate, I will group you with others who are not participating when you 
vet the tasks.  If there are no others to group you with, your vetting session will not be 
audio taped.  If you wish to participate in this study please read the informed consent 
form and sign and date it.  Do you have any questions about this study? 
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Appendix B 

Survey and questionnaire 
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Appendix C 

Final Reflection Questions 

I am interested in finding out about your views on using the high cognitive 
demand mathematics performance task you implemented in your classroom.  Your 
reflection will allow me to better understand what you are thinking and how you 
implemented the mathematics performance task.  It will also allow me to identify the 
attributes of the task that helped you be successful or hindered the implementation.  
Below are a few guiding questions but please feel free to put additional comments, thanks 
for sharing your thoughts and remember your answers will be completely confidential. 
 

1. What is the title of the high cognitive demand mathematics performance task you 
taught? 

 
 
 
 

2. What are the advantages/ disadvantages of using high cognitive demand 
mathematics performance task in your classroom? 

 
 
 
 
 

3. What modifications, if any, did you need to implement to support your students 
understanding of the high cognitive demand mathematics performance task? 

 
 
 
 
 

4. In what ways do you see this high cognitive demand mathematics performance 
task benefit your students? 
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5. In what ways, does this high cognitive demand mathematics performance task 
support your district’s mathematics guides? 

 
 
 
 
 

6. Do you think you maintained the high cognitive demand of the task throughout 
your lesson? Explain? 

 
  
 
 
 

7. Do you think that all the students benefitted from this high cognitive demand 
mathematics performance task?  If so, how?  If not, why? 
 
 
 

Additional Comments: 
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Appendix D 

Tasks for Post Summer Curriculum Project 

Grad
e 

Level 
Band 

Name of Task Reference 

K-2 Number and 
Operations in Base 
Ten 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 How Can You Make 
25 Cents? 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 Be the Mathematics 
Author 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 Rolling a Number 
Cube 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 Letters in Your Name Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 Snap It Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

K-2 Betty’s Blocks Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D2tasks.htm. 

K-2 Ice Cream Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 

http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
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http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D2tasks.htm 

K-2 Let’s Plan a Party Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D2tasks.htm 

3-4 Isabella’s Garden NYC, Department of Education (2014). Tasks, 
Units, and Student Work.  Retrieved from 
http://schools.nyc.gov/NR/rdonlyres/067D
B512-9685-43CD-9ACE-
246CBD0B2A89/0/NYCDOE_G3_Math_
IsabellasGarden_FINAL.pdf. 

3-4 Chocolate Bar 
Fractions 

NYC, Department of Education (2014). Tasks, 
Units, and Student Work.  Retrieved from 
http://schools.nyc.gov/NR/rdonlyres/0C04
22CA-DBAF-4476-928F-
71102DB2F703/140801/NYCDOE_G4_C
hocolateBarFractions_FINAL.pdf  

3-4 Quadrilateral 
Questions 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

3-4 The Long and the 
Short 

Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

3-4 Class Line Up Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D4tasks.htm. 

3-4 Skip the Movie Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D4tasks.htm. 

5-6 The Grocery Store NYC, Department of Education (2014). Tasks, 
Units, and Student Work.  Retrieved from 
http://schools.nyc.gov/NR/rdonlyres/067D
B512-9685-43CD-9ACE-
246CBD0B2A89/0/NYCDOE_G3_Math_
IsabellasGarden_FINAL.pdf. 

5-6 The Quilt of a Math 
Teacher 

NYC, Department of Education (2014). Tasks, 
Units, and Student Work.  Retrieved from 
http://schools.nyc.gov/NR/rdonlyres/067D

http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D2tasks.htm
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/0C0422CA-DBAF-4476-928F-71102DB2F703/140801/NYCDOE_G4_ChocolateBarFractions_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/0C0422CA-DBAF-4476-928F-71102DB2F703/140801/NYCDOE_G4_ChocolateBarFractions_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/0C0422CA-DBAF-4476-928F-71102DB2F703/140801/NYCDOE_G4_ChocolateBarFractions_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/0C0422CA-DBAF-4476-928F-71102DB2F703/140801/NYCDOE_G4_ChocolateBarFractions_FINAL.pdf
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D4tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D4tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D4tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D4tasks.htm
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
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B512-9685-43CD-9ACE-
246CBD0B2A89/0/NYCDOE_G3_Math_
IsabellasGarden_FINAL.pdf. 

5-6 Elk Street NYC, Department of Education (2014). Tasks, 
Units, and Student Work.  Retrieved from 
http://schools.nyc.gov/NR/rdonlyres/067D
B512-9685-43CD-9ACE-
246CBD0B2A89/0/NYCDOE_G3_Math_
IsabellasGarden_FINAL.pdf. 

5-6 The Tale of the Scale Realizing Illinois (2014). CCSS Sample Math 
Tasks. Retrieved from 
http://www.isbe.net/common_core/pls/lev
el2/html/math-sample-tasks.htm. 

5-6 Lucky Draw Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D5tasks.htm. 

5-6 Spin Out Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D5tasks.htm. 

5-6 The Animal Olympics Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D6tasks.htm. 

5-6 The Great Kayak 
Expedition 

Albuquerque Public Schools (2013). Mathematics 
Performance Task Bank.  Retrieved from 
http://www.rda.aps.edu/mathtaskbank/fi_h
tml/D6tasks.htm. 

 

 

http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://schools.nyc.gov/NR/rdonlyres/067DB512-9685-43CD-9ACE-246CBD0B2A89/0/NYCDOE_G3_Math_IsabellasGarden_FINAL.pdf
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.isbe.net/common_core/pls/level2/html/math-sample-tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D5tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D5tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D5tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D5tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D6tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D6tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D6tasks.htm
http://www.rda.aps.edu/mathtaskbank/fi_html/D6tasks.htm
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Appendix E 

Rubric for Adapting and Creating Tasks 

 

  4 3 2 1 
 Does the task 
assist a student 
to increase 
content 
knowledge?   

The task is 
designed to 
encourage 
students to 
apply 
knowledge 
and attain 
additional 
knowledge 
from other 
areas of 
mathematics 
or other 
disciplines. 

The task is 
designed to 
encourage 
students to 
apply 
knowledge 
and attain 
additional 
knowledge 
related to the 
mathematics 
being studied. 

The task is 
designed to 
encourage 
students to 
apply 
knowledge 
already 
attained to the 
mathematics 
being studied. 

The task is 
designed to 
encourage 
students to 
apply 
knowledge 
already 
attained, 
reproducing 
previous 
procedures. 

Are students 
able to make 
connections 
within 
mathematics, 
across other 
disciplines, 
and/or with the 
real world? 

The task is 
designed to 
encourage 
students to 
make 
connections 
within 
mathematics, 
across other 
disciplines, 
and/or with 
the real world. 

The task is 
designed to 
encourage 
students to 
make 
connections 
between 
content within 
the course and 
are told what 
the 
connections 
are to the real-
world. 

The task is 
designed to 
encourage 
students to 
make 
connections 
with 
assistance 
from the 
teacher that is 
between 
content only. 

No 
connections 
are made with 
content and/or 
the real-world. 
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  4 3 2 1 
Does the task 
encourage 
students to 
apply 
problem 
solving skills 
and/or 
develop 
higher order 
thinking 
skills? 

The task will 
encourage 
students to 
apply problem 
solving skills 
and develop 
higher order 
thinking skills. 

    The task 
requires 
students to 
apply lower 
level thinking 
skills already 
learned. 

Is the task 
based on a 
problem or 
question that 
is meaningful 
to students 
(relevant)? 

The task is an 
applied 
problem that 
is applicable 
and 
meaningful to 
students.   

The task is a 
word problem 
that requires 
students to 
make 
decisions but 
is not 
meaningful to 
the student. 

The task is a 
word problem 
requiring 
known 
procedures 
and is not 
meaningful to 
the student. 

The task is 
rote drill and 
procedural 
with no 
meaning. 

Are students 
expected to 
communicate 
their 
knowledge 
using 
reasoning 
skills, 
justifying 
their 
responses with 
representation
s and written 
or verbal 
statements? 

The task 
product 
expects 
students to 
communicate 
their 
knowledge 
using 
reasoning 
skills, 
justifying their 
responses with 
representation
s and written 
or verbal 
statements. 

The task 
product 
expects 
students to 
communicate 
their 
knowledge 
using 
reasoning 
skills using a 
specific 
representation 
to justify the 
statement. 

The task 
product 
expects 
students to 
communicate 
their 
knowledge 
using 
reasoning 
skills, with 
guided steps 
to aid in their 
justification. 

The task 
product 
expects 
students to 
communicate 
their 
knowledge 
with an 
answer that is 
not justified. 
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Appendix F 

State Mathematics Performance Task Rubric
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Appendix G 

Mathematics Performance Task Observation Protocol 

Background Information: 

Project _____________________________  Date ___________________ 

Location ________________________ Time observation began __________ 

Observer ___________________________ Time observation ended __________ 

 

Observer’s role in project:  ___ Researcher    ____ Other 

 

Contextual Background and Activities 

How many people are being observed?   

What grade level team(s) is being observed? 

What mathematics strand? 

Who were the participants being observed? 

o Math lead teachers 

o Math specialists/coach/resource teacher 

o Other 

Indicate the activities of the participants during this observation 

o Looked up the mathematics standard 
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o Solved the problem one way 

o Solved the problem in many different ways 

o Primarily focused on task features 

o Primarily focused on cognitive demand 

o Primarily focused on process standards 

o Justified the task using appropriate vocabulary associated with high 

cognitive demand tasks. 

o Justified the task using appropriate vocabulary associated with the process 

standards 

Briefly describe the session you observed. 
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Appendix H 

Interview Questions 

 

1. What is the title of the mathematics performance task you taught? 
 
 
 
 
 
 

2. What are the advantages/ disadvantages of using mathematics performance task in 
your classroom? 

 
 
 
 
 
 

3. What modifications, if any, did you need to implement to support your students’ 
understandings? 

 
 
 
 
 
 

4. In what ways do you see mathematics performance task benefit your students? 
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5. What does high cognitive demand mathematics mean to you? 
 
 
 
 
 
 

6. Do you think you maintained the high cognitive demand of the task throughout 
your lesson? Explain? 

 
 
 
 
 
 

7. Thinking about the summer curriculum project, how would you classify what we 
did and in what ways would it benefit or hinder other teachers as they implement 
tasks? 
 
 
 
 
 
 

8. Do you think that all the students benefitted from this high cognitive demand 
mathematics performance task?  If so, how?  If not, why? 
 
 
 
 
 
 

9. Are the any additional comments you would like to share? 
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Appendix I 

Elapsed Time Task 

 
Name Date    

 
Task: Elapsed Time: A Trip to Jamestown 

 
 

The fourth graders at Sunnydale Elementary school are planning a field trip to historic 

Virginia. They plan on visiting Jamestown, Colonial Williamsburg, and Yorktown. 

They need your help planning their schedule. 

 

Before you start, there are a few things you need to know:  

• The bus leaves Sunnydale Elementary at 6:30 a.m. 

•   It takes 1 hour and 30 minutes to drive from Sunnydale Elementary school to 

Jamestown. 

•   Students need to be back at Sunnydale Elementary at 6:00 p.m. 

• It takes 20 minutes to drive in between each stop (You will start at 

Jamestown , then go to Colonial Williamsburg, then go from Colonial 

Williamsburg to Yorktown, and Yorktown back to Jamestown) 

 

Answer the following questions before you begin to help you make your schedule. 
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What time will you arrive at Jamestown?  ________________________________ 

Show your work below with pictures, numbers, and/or words. 

 

 

 

What time will you have to leave Jamestown?  __________________   

 

How do you know?   

 

 

You will create a schedule for the field trip in the space below. 

 

You must include: 

1. Lunch (11:55 a.m. – 12:40 p.m.) 

2. A guided tour of Jamestown (2 hours 30 minutes) 

3. Movie at Yorktown (45 minutes) 

4. Two restroom breaks (15 minutes each) 

5. Colonial Williamsburg gift shop (30 minutes) 

6. Free time to explore each location. 

7. Travel Time between each stop (20 minutes) 
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Schedule

 

Use your schedule to answer the following questions: 

 

 

1. How much time do you spend at lunch?  How do you know? 

 

2. At what location do you spend the most time? How much time do you spend 

there? How do you know? 

3.  At which location do you spend the least amount of time?  How much time do 

you spend there? 
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