
ABSTRACT 

HOLSTEIN, KRISTA. A Characterization of Teachers’ Implementations of a Mathematical 
Decision-Making Curriculum. (Under the direction of Karen Allen Keene). 
 

Over the past two decades, several new K-12 mathematics curricula have been 

developed. The question asked by many researchers, administrators, and policy-makers is: 

“Do these materials work?” This question has led to research on curricular effectiveness and, 

more specifically, on teachers’ implementations of the curricula. Teachers often transform 

curricula into a form completely different from the authors’ original intentions. One possible 

explanation for this transformation is teachers’ conceptions.  

To address these issues, the purpose of this study is to examine teachers’ 

implementation of a mathematical decision-making [MDM] curriculum and how their 

conceptions influence this implementation. To evaluate the implementation of this 

curriculum, a mixed methods study was employed. First, observations and teacher logs were 

used to examine teachers’ implementation of the curriculum. Second, interviews and surveys 

were utilized to study teachers’ conceptions, and these results were connected to the 

observation and teacher logs results, respectively, to determine how teachers’ conceptions 

related to their implementation of the MDM curriculum. Six teachers participated in the 

qualitative portion of the study (observations and interviews), 13 teachers completed at least 

one teacher log, and 18 teachers completed the survey.  

Results suggest that teachers tended to implement the materials closely to the written 

text, and most teachers employed pedagogical practices that aligned with the expectations of 

the curriculum authors. However, there was a variety of implementation fidelity shown both 

within and among teachers. From the six cases, only one teacher regularly brought in outside 



resources to supplement or replace the curricular materials, and only one teacher used 

pedagogical practices considerably different from the intended practices. The remaining four 

teachers tended to be faithful to the authors’ mathematical and pedagogical intentions. 

According to the results from the teacher logs, most teachers implemented the MDM 

curriculum as the authors intended, but there was variety within and among teachers. From 

this mixed methods study, four types of implementers were identified: (a) thorough piloting 

teachers, (b) adopting but adapting content teachers, (c) adopting but adapting pedagogy 

teachers, and (d) partial piloting teachers. 

The qualitative and quantitative results showed how teachers’ conceptions may 

influence their implementation of the MDM curriculum. From the six cases, teachers’ beliefs 

about teaching and beliefs about students were the conceptions that most consistently 

influenced their implementations of the curriculum, but teachers’ beliefs about the MDM 

curriculum and their subject matter knowledge also influenced their implementations. 

According to the quantitative results, teachers’ beliefs about math and beliefs about students 

were significantly correlated with their levels of implementation fidelity of the MDM 

curriculum.  

The results of this study reveal that teachers may or may not stray from the authors’ 

intended curriculum, and whether or not they stray often relates to their conceptions. This 

study contributes to previous research on curricular effectiveness by using innovative 

methodologies and by taking a more in-depth look at teachers’ implementation of a specific 

curriculum and the reasons for their implementation. 
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Chapter One: Introduction 

Curricula play an important role in current educational practices. They influence 

assessments and administrative mandates in addition to teachers’ instructional decisions. 

Many new curricula were developed over the past two decades, and undoubtedly, it is 

important for decision makers to know how effective these new curricular are, for whom they 

are effective, and under what conditions they are effective (National Research Council 

[NRC], 2004). As a consequence, a committee was charged by the NRC to determine the 

quality of curriculum evaluations. In their report, On Evaluating Curricular Effectiveness 

(NRC, 2004), the committee described the framework they developed for curriculum 

evaluators. They explained, 

The framework has three major components that should be examined in each 

curriculum evaluation: (1) the program materials and design principles; (2) the 

quality, extent, and means of curricular implementation; and (3) the quality, breadth, 

type, and distribution of outcomes of student learning over time. (p. 4) 

In this study, I focused on the second component: “the quality, extent, and means of 

curricular implementation” (p. 4). In particular, I examined teachers’ implementations of a 

new, innovative curriculum (described below) and how teachers’ conceptions influence this 

implementation. 

With new curricula being developed, such as the one in this study, researchers, policy 

makers, and teachers often ask, “Do these materials work?” The NRC committee defined 

curricular effectiveness as, “how effective a particular curriculum is, and for whom and 
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under what conditions it is effective” (p. 1). When determining curricular effectiveness, one 

important part to consider is teachers’ faithfulness to the curriculum authors’ intents. If 

teachers do not implement the materials as the authors intended, they could undermine the 

effectiveness of the new research-based curriculum. Kilpatrick (2003) noted, 

Two classrooms in which the same curriculum is supposedly being ‘implemented’ 

may look very different; the activities of teacher and students in each room may be 

quite dissimilar, with different learning opportunities available, different 

mathematical ideas under consideration and different outcomes achieved. (p. 473) 

Due to the varying conditions across schools and teachers, there is a need for curriculum 

evaluators to measure teachers’ fidelity of curriculum implementation. Researchers must 

consider whether the curriculum could “survive or thrive” across sites (NRC, 2004, p. 114). 

That is, they must consider teachers’ implementation fidelity. 

Implementation Fidelity and Teachers Conceptions 

In the NRC report, the term implementation fidelity is defined as “a measure of the 

basic extent of use of the curricular materials” (p. 114). Extending this definition, Holstein, 

Dietz, and Keene (2010) defined implementation fidelity as “the extent to which a teacher 

implements a curriculum as the author intended, allowing for adaptation, supplementation, 

and improvisation by the teacher” (p. 2). It should be noted that implementation fidelity is 

not equivalent to teacher quality. That is, low implementation fidelity does not suggest poor 

teaching. Rather, researchers measure implementation fidelity to determine the extent to 

which the teacher implemented the materials. This information can then be used, in part, to 
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determine curricular effectiveness. 

 The recent research on implementation fidelity emerged partly because teachers often 

transform the written curriculum into a form completely different from the authors’ original 

intentions. One may ask, “Why does this transformation occur?” Many researchers found that 

teachers’ conceptions (e.g., about math, teaching, students, or curricula) influence their 

instructional decisions (e.g., Arbaugh, Lannin, Jones, & Park-Rogers, 2006; Manouchehri & 

Goodman, 1998; Smith Senger, 1998; Stipek, Givvin, Salmon, & MacGyvers, 2001; 

Thompson, 1984). Therefore, when examining implementation fidelity, it is important to 

consider teachers’ conceptions. I use the word “conception” in the way Lloyd and Wilson 

(1998) used it: “to refer to a person’s general mental structures that encompass knowledge, 

beliefs, understandings, preferences, and views” (p. 249).  

The MDM Curriculum 

 The curriculum in the present study is a result of a five-year NSF-funded project 

called MINDSET (Mathematics INstruction using Decision Science and Engineering Tools). 

The emphasis of this curriculum is on decision-making using mathematical models based on 

engineering concepts (Young, Keene, Norwood, Chelst, Edwards, & Pugalee, 2012). Thus, 

the curriculum has been titled the “Mathematical Decision-Making” [MDM] curriculum. The 

MDM curriculum is intended for high school seniors who have completed two years of 

algebra and one year of geometry. The content consists of contextual problems that employ 

multi-step problem-solving tools and result in multiple solutions that require interpretation.  

Topics in the MDM curriculum include linear programming, graph theory, project 
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planning, probability distributions, quality control, and queuing theory. Each topic is 

presented using real-life problems from business, government, or students’ lives. Portions of 

the curriculum that are specifically discussed in this paper are given in Appendix A. In 

particular, this appendix includes Section 2.0.1 (“The Lego Problem”), Section 2.1 

(Computer Flips, a Junior Achievement Company), Section 2.2 (SK8MAN, Inc.), Section 3.1 

(Computer Flips, a Junior Achievement Company), and Section 3.2 (SK8MAN, Inc.). These 

sections came from Chapter 2 (Linear Programming—Maximization), which focuses on 

exploring and solving linear programming problems using graphing and Microsoft Excel, and 

Chapter 3 (Sensitivity Analysis), which focuses on interpreting and analyzing linear 

programming problem formulations and solutions. 

At the time of this study, these materials were still in draft form. However, teachers 

throughout North Carolina, Michigan, and other states were piloting portions of the MDM 

curriculum. The teachers in the present study came from this group of piloting teachers. 

Also at the time of this study, this new innovative curriculum was in the process of 

being adopted in several states. However, like other new curricula, people (such as 

researchers, policy makers, teachers, parents, and administrators) began to wonder, “Do these 

materials work?” Therefore, this curriculum needed to be evaluated. One component of 

effective curriculum evaluation studies is the implementation component (NRC, 2004). This 

study examines the implementation component of the MDM curriculum. 

Purpose of the Study and Research Questions 

The purpose of this study was to examine teachers’ implementation of the MDM 
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curriculum and how their conceptions influence this implementation. In particular, I studied 

how closely teachers’ enacted curriculum aligned with the authors’ intended curriculum. I 

also investigated what conceptions teachers held that brought their enacted curriculum closer 

or farther from the authors’ intended curriculum. The particular conceptions I considered 

were teachers’ (a) subject matter knowledge, (b) beliefs about mathematics, (c) beliefs about 

students, (d) beliefs about teaching, and (e) beliefs about curricular materials. I acknowledge 

that these are not the only conceptions that influence teachers’ curricular decisions; however, 

these were the only ones I considered in this study. Furthermore, I acknowledge that these 

conceptions could be studied in many subject areas as well as in more general educational 

research, but they were examined only in the context of the mathematics classroom.  

I drew upon research that investigated implementation fidelity as well as research that 

looked at how teachers’ conceptions affected their implementation fidelity. Then, I extended 

this research to consider teachers’ implementation and conceptions within the context of a 

mathematical decision-making curriculum. In particular, I answered the following questions: 

1. How do teachers’ implementations of a mathematical decision-making curriculum align 

with the authors’ intentions? 

2. How do teachers’ conceptions influence their implementations of a mathematical 

decision-making curriculum?  

a. How do teachers’ subject matter knowledge influence their implementations of a 

mathematical decision-making curriculum? 
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b. How do teachers’ beliefs about mathematics, students, teaching, and curricular 

materials influence their implementations of a mathematical decision-making 

curriculum? 

Definition of Terms 

 In order to answer these questions, some definitions are needed. Figure 1.1 presents 

the definitions for important terms in this study. 

Overview of Methodological Approach 

I used a mixed methods design to answer the two research questions (see Figure 1.2 

and Table 1.1). To answer the first research question (How do teachers’ implementations of a 

mathematical decision-making curriculum align with the authors’ intentions?), teacher logs 

and classroom observations were used.  

The teacher logs were adapted from the work done by Heck, Chval, Weiss, and 

Ziebarth (2012). In these logs, I provided teachers with a list of possible curricular choices 

they may make. These choices may or may not align with the curriculum authors’ 

mathematical and/or pedagogical intentions. The teachers received scores based on how 

closely their choices align with the authors’ intentions. A total of 16 teacher logs were 

created. I asked all MDM teachers to complete these logs (N ≈ 200), and 13 teachers 

completed at least one log. 
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Implementation Fidelity: “The extent to which a teacher implements a curriculum as the 
author intended, allowing for adaptation, supplementation, and improvisation by the 
teacher” (Holstein, et al., 2010, p. 2) 

Curriculum: “A curriculum consists of a set of materials for use at each grade level, a 
set of teacher guides, and accompanying classroom assessments. It may include a listing 
of prescribed or preferred classroom manipulatives or technologies, materials for 
parents, homework, booklets, and so forth. [Curricula] usually include a listing or 
mapping of the curricular objectives addressed in the materials in relation to national, 
state, or local standards or curricular frameworks” (NRC, 2004, pp. 38-39) 

Written Curriculum: The curricular materials themselves; this can be thought of as the 
authors’ intended curriculum 

Intended Curriculum: The teachers’ instructional plan  

Enacted Curriculum: The actual lesson that was carried out 

Beliefs: “Psychologically held understandings, premises, or propositions about the 
world that are thought to be true… Beliefs might be thought of as lenses that affect 
one’s view of some aspect of the world or as dispositions toward action. Beliefs… may 
be held with varying degrees of conviction and are consensual” (Philipp, 2007, p. 259) 

Subject Matter Knowledge: This includes knowledge of mathematics and knowledge 
about mathematics. “Propositional and procedural knowledge of mathematics—that is, 
understandings of particular topics (e.g., fractions and trigonometry), procedures, (e.g., 
long division and factoring quadratic equations), and concepts (e.g., quadrilaterals and 
infinity), and the relationships among these topics, procedures, and concepts… Another 
critical dimension… is knowledge about mathematics. This includes understandings 
about the nature of knowledge in the discipline—where it comes from, how it changes, 
and how truth is established. Knowledge about mathematics also includes what it means 
to ‘know’ and ‘do’ mathematics, the relative centrality of different ideas, as well as 
what is arbitrary or conventional versus what is necessary or logical, and a sense of the 
philosophical debates within the discipline” (Ball, 1988, p. 6) 

Figure 1.1. Definition of terms. 

 

The first research question was also answered through classroom observations. I 

observed six teachers during their implementation of one of the mathematical programming 

chapters in the MDM curriculum. Each observation was naturally divided into segments, and 

I completed an observation protocol based on the authors’ intended curriculum for each of 
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these segments. Examples of items on the protocol included: (a) encouraging deep 

understanding and academic engagement in the students, (b) asking students to reflect and 

interpret results, and (c) incorporating real-world contexts into the lesson. 

To answer the second research question (How do teachers’ conceptions influence 

their implementations of a mathematical decision-making curriculum?), I utilized surveys 

and interviews. The survey included items assessing teachers’ subject matter knowledge as 

well as items examining their beliefs about mathematics, students, teaching, and curricula. 

Teachers received scores for each construct on the survey, and these scores were correlated 

with teachers’ responses on the teacher logs to determine any connections between teachers’ 

implementation fidelity and their conceptions. Like the teacher logs, I distributed the surveys 

to all MDM teachers (N ≈ 200); 18 teachers completed the survey, but only 12 of these 

teachers also completed at least one teacher log. 

The second research question was also answered using interviews. I interviewed six 

teachers (the same six teachers who were observed). There were two types of interviews: 

semi-structured interviews and stimulated recall interviews. As mentioned above, I observed 

each teacher as he or she implemented one of five chapters from the MDM curriculum. Prior 

to approximately every other observation, teachers took part in a pre-observation interview. 

The purpose of this interview was to study the decisions teachers made during their planning 

of the lesson. In addition, following the first observation, teachers took part in a semi- 

structured interview. This interview included questions regarding the lesson that just took 

place as well as general questions about teachers’ experiences with the MDM materials. 
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RQ2: How do teachers’ 
conceptions influence their 

implementation of a mathematical 
decision-making curriculum?

Surveys 
(Quantitative)

Descriptive Statistics

Analyzed 
through

Answered 
using

RQ1: How do teachers’ 
implementations of a 

mathematical decision-making 
curriculum align with the authors’ 

intentions?

Teacher Logs 
(Quantitative)

Classroom 
Observations 
(Qualitative)

Adherence & Focus 
Scores

Observation Protocol

Analyzed 
through

Analyzed 
through

Answered 
using

Interviews 
(Qualitative)

Axial coding of the five 
conceptions

Analyzed 
through

Compared interview 
data 

to observation data
Compared survey data to log 

data 

· Subject-Matter Knowledge
· Beliefs about Mathematics
· Beliefs about Students
· Beliefs about Teaching
· Beliefs about Curriculum

Figure 1.2. Overview of the dissertation study. 

 

Following the final observation, a stimulated recall interview took place. The purpose 

of the stimulated recall interview was to investigate teachers’ thoughts and decisions from 

the observed lesson. To perform a stimulated recall interview, I videotaped the teachers’ 

curricular implementation. These videos were then clipped based on what I perceived to be 

important teacher decisions. Then, during the interviews, the teachers watched clips and 

explained why they made certain instructional choices. These interviews allowed me to better 

understand teachers’ conceptions and how these conceptions influence their implementation 

of the MDM curriculum.  
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Table 1.1 

Overview of the Dissertation Study 

 Methodology Sample Instruments Data Analysis 

Research Question 1: How do teachers’ implementations of a mathematical decision-

making curriculum align with the authors’ intentions? 

Observations Qualitative 
Six MDM 

teachers  

One observation 

protocol 

Completed 

observation protocol 

for all lesson 

segments 

Teacher 

Logs 
Quantitative 

13 MDM 

teachers 

16 logs 

(Approximately three 

logs per chapter) 

Adherence & Focus 

scores 

Research Question 2: How do teachers’ conceptions influence their implementations of a 

mathematical decision-making curriculum? 

Interviews Qualitative 
Six MDM 

teachers  

Three interview 

protocols  

Coded for the five 

conceptions 

Surveys Quantitative 
12 MDM 

teachers 
One survey 

Descriptive 

statistics, correlation 

with log data 
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 Note that when discussing teachers’ beliefs in the qualitative and quantitative results, 

I refer to “positive” and “negative” beliefs. These terms were not a judgment of the teacher 

or his/her beliefs but were, instead, a way to provide directionality to the beliefs. Beliefs that 

were labeled “positive” included beliefs that (a) were child-centered (Perry, Howard, & 

Tracey, 1999), (b) were nontraditional, and/or (c) aligned with the MDM authors’ intentions. 

For example, a “positive” belief about math could be viewing math as the dynamic searching 

for order and pattern in the learner's environment (Perry et al., 1999). A “positive” belief 

about students could be “Most of my students like doing math” (Fennema & Sherman, 1976; 

Suinn, 1988). Beliefs that were labeled “negative” included beliefs that (a) were 

transmission-oriented (Perry et al., 1999), (b) were traditional, and/or (c) did not align with 

the MDM authors’ intentions. For example, a “negative” belief about math could be thinking 

that right answers were more important in mathematics than the ways in which you get them 

(Perry et al., 1999). A “negative” belief about students could be “Most of my students don’t 

feel they want to be good math students” (Fennema & Sherman, 1976; Suinn, 1988). 

Significance of the Study 

 The MDM curriculum is a new and innovative way to present mathematical concepts 

using engineering and technological tools. Studies need to be done in order to determine the 

effectiveness of this curriculum. The present study focuses on one component of curriculum 

evaluation studies: the implementation component. Thus, this research adds to the field of 

curriculum evaluation studies, and it considers a new, powerful curriculum. 
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 Furthermore, most researchers who have studied enacted curricula tended to focus on 

materials based on the National Council for Teachers of Mathematics [NCTM] Standards 

(NCTM, 1989, 2000), often called standards-based curricula. However, the MDM curriculum 

was not written based on the NCTM Standards, although many of its tenets align. Therefore, 

this study extends the literature on enacted curricula to include curricula not based on the 

NCTM Standards. 

Moreover, the methodology used in this study is significant. The teacher logs that I 

used to measure teachers’ implementation fidelity are innovative. The idea for these logs was 

developed through a partnership between the Center for the Study of Mathematics 

Curriculum [CSMC] and Horizon Research, Inc. [HRI]. Researchers from these two centers 

came together to develop an instrument that could accurately give a picture of a teacher’s 

enacted curricula without an observer having to step foot in the classroom (Heck et al., 

2012). At this point, few, if any, studies have used these logs. 

I have also not found any researchers who have used stimulated recall interviews to 

study the relationship between teachers’ conceptions and their implementation fidelity. This 

relationship was typically studied using surveys (e.g., McCaffrey et al., 2001; McNaught, 

Tarr, & Grouws, 2008; Schoen, Cebulla, Finn, & Fi, 2003; Tarr, Chávez, Appova, & Regis, 

2005) and interviews (e.g., Arbaugh et al., 2006; Huntley, Rasmussen, Villarubi, Sangtong, 

& Fey, 2000; Remillard & Bryans, 2004). Although interviews were used, they tended to be 

traditional structured and semi-structured interviews, rather than stimulated recall interviews.  
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In summary, this study adds to the current literature on enacted curricula in three 

ways: (a) studying the curricular effectiveness of a new, innovative, non-standards-based 

curriculum, (b) using the innovative teacher logs to examine implementation fidelity, and (c) 

utilizing stimulated response interviews to study teachers’ conceptions related to their 

implementation fidelity. 

Chapter Summary and Organization of the Study 

The NRC committee (2004) made a call to curriculum evaluators to study 

implementations of curricula. In the present study, I investigated teachers’ implementations 

of a mathematical decision-making curriculum and how their conceptions influenced this 

implementation. I studied implementations through observations and teacher logs; I studied 

conceptions through interviews and surveys. 

In the following chapter, I present the literature that influenced this study. In 

particular, I discuss research on enacted curricula and implementation fidelity as well as 

literature on teachers’ conceptions and how these conceptions may influence teachers’ 

instructional decisions. Throughout the chapter, past research is connected to the current 

study. 

In the third chapter, I explain the methodology I used in this study. I present the 

methods I used and explain the reasons for these methods. I also briefly explain my bias as a 

researcher and how this may have influenced the study. Despite this bias, I believe that this 

was a strong study that yielded rich results. 
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In the fourth chapter, I present the results from the qualitative portion of the study, 

which included the observations and interviews. Although six teachers participated in this 

portion of the study, the results from only four teachers are presented. These four teachers 

provided a representation of the six teachers and allowed for a comparison of how the 

curriculum could be implemented and how conceptions influence this implementation. 

The fifth chapter gives the results from the quantitative portion of the study, which 

included the teacher logs and the survey. First, I present the results from one teacher’s logs to 

show how they were scored. Second, I present the results from all the teacher logs. Third, I 

present the results from researcher-completed logs for the four case-study teachers. Fourth, I 

present the correlations between the survey results, which showed teachers’ conceptions, and 

the teacher logs results, which showed teachers’ implementation fidelity levels.  

In the final chapter, I discuss these results, tying it to and extending the current 

literature. I also look at limitations, implications, and future research possibilities. I show 

how I gathered and analyzed rich data to provide conclusions that added to the current body 

of literature. 
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Chapter Two: Literature Review 

Over the past several years, researchers have evaluated how closely teachers’ enacted 

curriculum aligns with the authors’ intended curriculum (e.g., Lloyd, 1999; Lloyd & Wilson, 

1998; Remillard, 1999; Remillard & Bryans, 2004; Schoen et al., 2003; Tarr, et al., 2008). 

Often, teachers transform the written curriculum into a form completely different from the 

authors’ original intentions. Why does this transformation occur? What conceptions do 

teachers hold that influence their implementations of a curriculum? 

 In this literature review, I synthesize the research on curriculum implementation and 

how teachers’ conceptions influence this implementation, where the word “conception” 

refers to “a person’s general mental structures that encompass knowledge, beliefs, 

understandings, preferences, and views” (Lloyd & Wilson, 1998, p. 249). I draw upon 

research that examines (a) fidelity of implementation, (b) teachers’ conceptions, and (c) the 

connection between teachers’ conceptions and their fidelity of implementation. Throughout 

the chapter, I connect the literature to the mathematical decision-making [MDM] curriculum 

and the present study. 

Definition of Curriculum 

To begin, a definition for curriculum needs to be given. I use the term “curriculum” in 

the way given in the National Research Council [NRC] report, On Evaluating Curricular 

Effectiveness (NRC, 2004): 

A curriculum consists of a set of materials for use at each grade level, a set of teacher 

guides, and accompanying classroom assessments. It may include a listing of 
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prescribed or preferred classroom manipulatives or technologies, materials for 

parents, homework, booklets, and so forth. [Curricula] usually include a listing or 

mapping of the curricular objectives addressed in the materials in relation to national, 

state, or local standards or curricular frameworks. (pp. 38-39) 

Some researchers mention frameworks (Cohen, 1990; Heaton, 1992), syllabi (Cavanagh, 

2006), or standards (King et al., 2011) as outlines or objectives that teachers are expected to 

follow. In this paper, the term “curriculum” includes such frameworks, syllabi, and standards 

as well as textbook materials. 

 The specific curriculum in this study was the MDM curriculum, which includes the 

types of materials described in the NRC’s (2004) definition. There was a soft-bound textbook 

that was meant for students’ use. On the website for the MDM curriculum, teachers were 

provided with (a) a teachers’ version of this textbook, which included answers to in-text 

questions and occasional teacher notes to help in their implementation of the materials, (b) 

answers to homework problems, and (c) materials from the summer workshops, such as 

PowerPoint presentations and hand-outs. The textbook and all the materials on the website 

made up the MDM curriculum. 

Curricular Effectiveness 

Many new math curricula were developed in the past two decades. The call for new 

curricula was driven by the release of the Curriculum and Evaluation Standards for School 

Mathematics (National Council of Teachers of Mathematics [NCTM], 1989) and then 

extended in the revisions of this document (NCTM, 2000). After the release of these 
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Standards, the National Science Foundation [NSF] provided extensive funding for 

curriculum development projects. In this paper, I refer to these materials as “standards-based 

curricula,” but they are often known as “reform curricula” or “NSF-funded curricula.” With 

the development of these conceptually-oriented materials, researchers, policy makers, 

administrators, and teachers began asking the question, “Do these new materials work?” 

(Stein, Remillard, & Smith, 2007). Confrey and Maloney (2011) argued that the more 

appropriate questions are, “What works, for whom, and under what conditions?” (p. 2). That 

is, researchers must look beyond student performance and consider other factors, such as the 

content in the materials themselves and the extent to which teachers implement the 

curriculum as intended by the authors (NRC, 2004). 

Therefore, curricular effectiveness is defined as “how effective a particular 

curriculum is, and for whom and under what conditions it is effective” (NRC, 2004, p. 1). 

The NRC (2004) developed a framework to define “what is meant by a scientifically valid 

evaluation study for reviewing mathematics curriculum effectiveness” (p. 36). This 

framework is shown in Figure 2.1. It included three major components for curriculum 

evaluations: “(1) the program materials and design principles; (2) the quality, extent, and 

means of curricular implementation; and (3) the quality, breadth, type, and distribution of 

outcomes of student learning over time” (p. 4). The secondary components included (a) 

systemic factors, which referred to “influences on curricular programs that lie outside the 

intended and enacted curricula and are not readily amenable to change by the curriculum 

designers” (p. 52), (b) intervention strategies, which referred to “the theory of action that lies 
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Implementation of curricula  

Many researchers devoted studies to examining the second component of the NRC’s 

(2004) framework: teachers’ implementations of the curriculum (e.g., Brown, Pitvorec, Ditto, 

& Kelso, 2009; Huntley, 2009; Tarr et al., 2008). These studies generally examined 

standards-based curricula and/or publisher-developed curricula, often comparing the two. 

There is a lack of research evaluating NSF-funded curricula that were written not based on 

the NCTM Standards (1989, 2000), such as the MDM curriculum. 

One way to study the implementation components of a curriculum is to examine how 

the curriculum transforms from the written materials to what students actually experience in 

the classroom. Stein, Remillard, and Smith (2007) provided a framework for studying the 

transitions of the curriculum from its written form to its enacted form, as shown in Figure 

2.2. The curriculum begins as a written curriculum, which refers to the authors’ original 

printed materials. Then, the curriculum changes into what the teacher intends to teach. This 

initial transformation occurs due to teachers’ conceptions, knowledge, goals, and contexts, as 

shown in the oval in Figure 2.2. Next, the curriculum transforms again into the enacted 

curriculum. Enacted curriculum is defined as “the classroom implementation of curriculum 

materials” (Enacted Curriculum Conference, 2010). The enacted curriculum is also 

influenced by outside factors. Finally, student learning occurs. Therefore, it is unreasonable 

to measure the connection between the written curriculum and student achievement without 

considering the transformations of the curriculum. In other words, to determine whether a 
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 Criteria for measuring implementation fidelity. Many researchers provided criteria 

for measuring implementation fidelity. O’Donnell (2008) reviewed health literature and 

found five such criteria: 

(a) adherence—whether the components of the intervention are being delivered as 

designed; (b) duration—the number, length, or frequency of sessions implemented; 

(c) quality of delivery—the manner in which the implementer delivers the program 

using the techniques, processes, or methods prescribed; (d) participant 

responsiveness—the extent to which participants are engaged by and involved in the 

activities and content of the program; and (e) program differentiation—whether 

critical features that distinguish the program from the comparison condition are 

present or absent during implementation. (p. 34) 

Mowbray, Holter, Teague, and Bybee (2003) described two criteria for measuring 

implementation fidelity in health and education literature: structure and process. O’Donnell 

(2008) stated the five criteria she listed could be placed within Mowbray et al.’s criteria. 

Specifically, fidelity to structure includes adherence and duration; fidelity to process includes 

quality of delivery and program differentiation; and participant responsiveness takes on 

characteristics of both structure and process.  

 O’Donnell’s (2008) criteria came from the health literature, and Mowbray et al.’s 

(2003) criteria came from both health and education literature. There were also researchers 

exclusive to education who established such criteria, and an overlap can be seen between the 

health and the education literature. 
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In the education literature, McNaught, Tarr, and Sears (2010), Huntley (2009), and 

Heck et al. (2012) discussed criteria for measuring implementation fidelity. First, McNaught 

et al. (2010) identified two forms of implementation fidelity: content fidelity and presentation 

fidelity. Content fidelity refers to how much of the curriculum content is covered. McNaught 

et al. (2010) explained that having high content fidelity consists of “the content being enacted 

as written in the textbook and the textbook used as the primary source of content for the 

lesson” (p. 4). Next, presentation fidelity refers to how the curriculum is implemented, where 

high presentation fidelity consists of “the enacted curriculum being consistent with the 

expectations of the authors as expressed in the author interviews and the author philosophy as 

reflected in the notes and suggestions to teachers in the Teacher’s Edition of the textbook” (p. 

4). Second, Huntley (2009) used similar ideas when discussing the types of implementation 

fidelity. She used the term quantity the way McNaught et al. used content fidelity, and she 

used quality to refer to presentation fidelity. Third, Heck et al. (2012) discussed the 

mathematical and pedagogical storylines. The mathematical storyline referred to “which 

topics are addressed, at what depth different topics are addressed, and/or what learning goals 

and student expectations are pursued” (p. 3). The pedagogical storyline included “which 

activities are conducted and how they are conducted in terms of openness or guidance, how 

students are grouped for instructional activities, and whether the patterns of interaction that 

are designed are actually pursued” (pp. 4-5). 

Based on the health and education literature, two major criteria for measuring 

implementation fidelity emerged. The first criterion included the content or the structure of 
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the curriculum. In this criterion are: structure (Mowbray et al., 2003), adherence and 

duration (O’Donnell, 2008), content fidelity (McNaught et al., 2010), quantity (Huntley, 

2009), and the mathematical storyline (Heck et al., 2012). I refer to this as the content 

criterion. The second criterion included the pedagogical philosophies of the curriculum 

authors. In this criterion are: process (Mowbray et al., 2003), quality of delivery and program 

differentiation (O’Donnell, 2008), presentation fidelity (McNaught et al., 2010), quality 

(Huntley, 2009), and the pedagogical storyline (Heck et al., 2012). I refer to this as the 

pedagogical criterion.  

In this study, I refer to the criteria used by McNaught et al. (2010) (i.e., content 

fidelity and presentation fidelity) and by Heck et al. (2012) (i.e., mathematical storyline and 

pedagogical storyline). Thus, I meet both overarching criteria for measuring implementation 

fidelity, and I adapt these criteria for the purposes of this study. Huntley (2009) stated, “If we 

truly want to understand the relationships among textbooks, teaching, and student learning, it 

is critically important to develop curriculum-sensitive measures of implementation” (p. 357). 

Therefore, I define both the content and pedagogical criteria for the MDM curriculum. 

When considering the content criterion, many other researchers measured the extent 

to which a curriculum is used over an entire course (e.g., Tarr et al., 2008). The MDM 

authors do not expect teachers to implement the curriculum in its entirety; instead, teachers 

are encouraged to choose chapters that fit well into their current courses. Therefore, when I 

discuss content fidelity, I refer to the extent to which the teacher utilizes the curricular 

materials for a particular lesson, not overall for the entire course. 
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When studying the pedagogical criterion, many researchers studied implementation 

fidelity of standards-based curricula; thus, presentation fidelity typically referred to whether a 

teacher implemented a standards-based learning environment in their classroom (e.g., Tarr et 

al., 2008). Because the MDM curriculum authors did not expect teachers to create a 

standards-based learning environment, the authors chose to derive their expectations from a 

source other than the NCTM Standards (1989, 2000). Specifically, the authors chose to 

utilize the Productive Pedagogy framework from the Queensland Department of Education 

and Training (K. Makar, personal communication, October 7, 2009; The State of 

Queensland, 2002) to study the presentation fidelity of the MDM curriculum. This is 

discussed further in Chapter Three. 

Therefore, both criteria for studying implementation fidelity are met in this study, and 

they are defined appropriately for the purposes of the MDM curriculum.  

 Methodologies used to study implementation fidelity. As mentioned above, the goal 

of similar previous research was to investigate the implementation fidelity of standards-based 

curricula (e.g. Lloyd, 1999; Remillard & Bryans, 2004; Schoen et al., 2003; Tarr et al., 

2008). Thus, these researchers took into account the types of discourse, teaching methods, 

assessment techniques, and curricular materials expected in a standards-based learning 

environment.  

Standards-based curriculum evaluators utilized various instruments to measure 

implementation fidelity. Three instruments in particular were frequently used: classroom 

observations (e.g., Tarr et al., 2008), surveys (e.g., Schoen et al., 2003), and teacher 
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interviews (e.g., Remillard & Bryans, 2004). Some additional methodologies included 

homework assignments (e.g., Cai & Moyer, 2006), textbook-use diaries (e.g., Tarr et al., 

2008), and table-of-contents records (e.g., Tarr et al., 2008). Researchers used these 

instruments to measure several categories of implementation fidelity, including use of 

curriculum, teacher instructional practices, teacher background information, and teacher 

beliefs. That is, these instruments were used to measure both content fidelity and presentation 

fidelity. 

Although various methodologies were used to study implementation fidelity, 

observations were the most common. However, observations are costly, time-consuming, and 

sometimes unrealistic. Thus, new methodologies need to be created to gather the same type 

of data in a less expensive and more realistic manner. In this study, I utilized teacher logs, 

which provided the same type of data as observations would but can be done on a much 

larger scale. These logs are discussed in further detail in Chapter Three. 

Using instruments such as observations, interviews, surveys, and teacher logs in 

isolation can be unreliable (Porter, 2002). For example, teacher interviews are susceptible to 

self-reporting bias and classroom observations are subject to researcher bias. Since this 

unreliability is inherent, most researchers combined instruments to triangulate data when 

examining standards-based classroom environments, thus increasing the validity of the 

studies. In the present study, I utilized multiple methods (i.e., observations and teacher logs) 

to study teachers’ implementation of the MDM curriculum. 
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Results of implementation fidelity studies. Using these criteria and methodologies, 

researchers found that teachers showed a wide range of implementation fidelity when using 

curricula. Many of these studies examined the connections among the curriculum, teachers’ 

implementation of the curriculum, and student achievement. However, since I am not 

studying student achievement in this study, I only report on the results regarding teachers’ 

implementation fidelity. That is, I discuss literature that studied student achievement, but I 

report on the implementation fidelity components, not the student achievement results, of 

these studies. I begin by discuss the results of some individual studies. Then, I present some 

categories of implementation fidelity. 

Results from individual studies. Tarr and his colleagues on the Comparing Options in 

Secondary Mathematics: Investigating Curriculum [COSMIC] project have pushed the field 

of implementation research forward (e.g., McNaught et al., 2010; Tarr, Chávez, Reys, & 

Reys, 2006; Tarr et al., 2008; Tarr et al., 2010). For example, Tarr et al., (2006) found that 

teachers tended to place greater emphasis on certain content strands, such as Number and 

Operations, often at the expense of other strands, and teachers often taught content meant for 

lower-level students. However, this study focused primarily on the content criterion. In future 

studies, they incorporated the pedagogical criterion. For example, Tarr et al. (2008) examined 

the relationships among the implementation of a curriculum, the learning environment, and 

student achievement. They found that teachers varied in the extent of curriculum use and in 

the types of learning environments employed in their classrooms. 
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Crawford, Carpenter, Wilson, Schmeister, and McDonald (2012) and King et al. 

(2011) performed similar studies of implementation fidelity. Both studies included a content 

criterion and a pedagogical criterion to study implementation fidelity. Then, they examined 

the relationships between these types of fidelity and student achievement. They found similar 

implementation fidelity results as Tarr et al. (2008), although the results they found regarding 

the relationship between implementation fidelity and student achievement varied amongst the 

three articles. 

Stein and Kaufman (2010) included both the content criterion and the pedagogical 

criterion in their study of 48 teachers implementing one of two standards-based mathematics 

curricula (Everyday Mathematics and Investigations). Unlike the previously mentioned 

studies, Stein and Kaufman did not study student achievement; instead, they focused on the 

link between the curriculum and instruction. They studied teachers’ implementations of the 

curricula in terms of maintaining high levels of cognitive demand, attending to student 

thinking, and vesting intellectual authority in mathematical reasoning. They found that 

teachers had higher implementation fidelity of the Investigations curriculum than the 

Everyday Mathematics curriculum. The main reason for this difference was the greater 

amount of support, in terms of both the written materials and professional development, 

provided to the teachers of Investigations than to the teachers of Everyday Mathematics.  

In all these studies, the researchers reported a variety of implementation fidelity, both 

in terms of content and in terms of pedagogy. Other researchers established categories to 

classify types of implementers. I discuss three such sets of categories. 
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Categories of implementers. Freeman and colleagues (1983) studied seven elementary 

teachers implementing a mathematics textbook published in the 1970s. They found four 

styles of textbook use among these teachers: (a) textbook bound teachers progressed through 

the textbook, page by page, over the school year, (b) selective omission teachers also 

progressed through the textbook, but skipped certain chapters or lessons, (c) the basics 

teachers implemented lessons from the textbook that focused on certain topics (e.g., addition, 

subtraction, introductory work with fractions), and (d) management-by-objectives teachers 

chose lessons that aligned with the district-enforced list of “minimal competencies in 

mathematics” (p. 260). These results provided a picture of how teachers implemented their 

textbooks. However, Freeman et al. (1983) only studied the content criterion, not the 

pedagogical criterion, in their study of teachers’ implementation fidelity. 

Lambdin and Preston (1995) collected data from 34 middle school teachers 

implementing the Connected Mathematics curriculum. They found three “caricatures” of 

teachers: (a) the frustrated methodologist referred to teachers with strong math backgrounds 

who were resistant to the pedagogical techniques found in the new curriculum, (b) the 

teacher on the grow represented teachers with weak math backgrounds who readily and 

faithfully adopted the content and pedagogy found in the new curriculum, and (c) the 

standards bearer referred to teachers with strong mathematical and pedagogical backgrounds 

who wholeheartedly and successfully embraced the new curriculum. Unlike Freeman et al. 

(1983), Lambdin and Preston (1995) included both the content and pedagogical criteria in 

their study. However, these “caricatures” were heavily influenced by whether the teachers 
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embraced the philosophies of the curriculum authors. In the present study, the MDM teachers 

volunteered to implement the materials; thus, they already embraced the authors’ 

philosophies by agreeing to teach the curriculum. 

Remillard and Bryans (2004) studied eight elementary teachers implementing the 

Investigations curriculum. They found three categories of curriculum use: (a) intermittent 

and narrow use referred to teachers who minimally used the materials, instead utilizing other 

resources and instructional techniques than those envisioned by the curriculum authors, (b) 

teachers in the adopting and adapting category used the curriculum to guide the general 

structure and content of the class, but they drew upon their own strategies and approaches 

during instruction, and (c) thorough piloting teachers read and used all parts of the 

curriculum in their teaching. Like Lambdin and Preston (1995), Remillard and Bryans (2004) 

included both the content and pedagogical criteria in their study. However, neither Lambdin 

and Preston’s nor Remillard and Bryan’s categories necessarily allowed for both criteria to 

be represented. For example, if a teacher followed the content of the curriculum very closely 

but strayed from the pedagogical intentions, which category would this teacher fall into? 

Therefore, clearer categories need to be established. 

 The results of these studies showed that teachers present a range of implementation 

fidelity, both in terms of content and in terms of pedagogy. In other words, the enacted 

curriculum may or may not look like what the curriculum authors envisioned. One reason for 

the transformations from the written curriculum to the intended and enacted curricula is 
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teachers’ conceptions (Stein et al., 2007). These conceptions are discussed further in the 

following section. 

Teachers’ Conceptions 

As shown in the oval in Figure 2.2, teachers’ conceptions influence the 

transformation from the intended curriculum to the enacted curriculum. Again, I use the word 

“conception” in the way Lloyd and Wilson (1998) used it: to describe a person’s “general 

mental structures that encompass knowledge, beliefs, understandings, preferences, and 

views” (p. 249). In this study, I was particularly interested in the following teacher 

conceptions: (a) subject matter knowledge (note that I will imbed the discussion of subject 

matter knowledge in the larger construct of teacher knowledge), (b) beliefs about 

mathematics, (c) beliefs about teaching, (d) beliefs about students, and (e) beliefs about 

curricular materials. I acknowledge that these are not the only conceptions that may influence 

teachers’ curricular implementations. However, I chose these because they emerged as 

dominant conceptions in implementation fidelity literature (e.g., Collopy, 2003; Manouchehri 

& Goodman, 1998; Remillard, 1999). Furthermore, these conceptions could easily be 

measured through previously validated survey items, which I employed in this study.  

Through this discussion on conceptions, I acknowledge that teachers’ knowledge and 

beliefs are intertwined, and one cannot discuss one without the other (Thompson, 1992). 

Therefore, although I discuss them separately in this paper, I do so with the understanding 

that knowledge and beliefs are interconnected. 
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Beliefs. First, teachers’ beliefs influence their curricular choices. In this study, I 

focused on teachers’ beliefs about math, teaching, students, and curricular materials, all in 

the context of the mathematics classroom. In order to describe where teachers’ beliefs could 

lie, I relied on the work of Raymond (1997), who studied teachers’ beliefs about (a) the 

nature of mathematics, (b) mathematics teaching, and (c) mathematics learning. She placed 

teachers’ beliefs regarding these three constructs on a five-level scale between traditional and 

nontraditional beliefs, relying heavily on the work of Ernst (as cited in Raymond, 1997). The 

types of beliefs discussed here can also be viewed along this scale. In each of the following 

sections, I briefly describe the belief and how it may fall on the tradition-nontraditional 

continuum. Then, I discuss how each belief may influence curricular choices. 

It should be noted that some researchers claim that beliefs influence instruction while 

others claim that beliefs are the result of practice (Guskey, 1986). Still others think there is a 

correlation between beliefs and instruction but it is not cause-and-effect in either direction. 

For example, Thompson (1992) stated, “The relationship between beliefs and practice is a 

dialectic, not a simple cause-and-effect relationship” (p. 140). Thus, there is not agreement in 

the field that teachers’ beliefs cause their instructional decisions. However, there is a 

relationship between teachers’ beliefs and their curricular choices, as seen in some of the 

studies mentioned in this section. 

Beliefs about mathematics. According to Raymond (1997), a teacher with a 

traditional view of mathematics views it as “an unrelated collection of facts, rules, and skills 

[and as] fixed, predictable, absolute, certain, and applicable” (p. 556). On the other hand, a 
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teacher with a nontraditional view of mathematics thinks it is “dynamic, problem driven, and 

continually expanding [and] can be surprising, relative, doubtful, and aesthetic” (p. 557). 

Often, teachers’ views about mathematics affect the way they choose to implement curricula. 

In other words, how teachers view the nature of mathematics, its origins, and its usefulness 

influence their curricular decisions (Putnam, Heaton, Prawat, & Remillard, 1992; Remillard, 

1999). 

For instance, teachers may believe mathematics is a set of procedures to solve 

problems rather than as a conceptual tool to think deeply (Stipek et al., 2001). Collopy (2003) 

examined how a teacher who viewed mathematics as a set of procedures made curricular 

choices. This teacher viewed mathematics “as a hierarchical cannon of rules, facts, and 

algorithms” (p. 308). Because of this view, the teacher was unable to accept the standards-

based curriculum authors’ ideas and eventually went back to using her traditional textbook. 

As a more specific example, Lloyd and Wilson (1998) studied a teacher who held 

deep conceptions about functions as graphical representations and covariation notions. The 

teacher’s instructional practices were filtered through these conceptions about functions. He 

therefore emphasized the ideas of graphs and covariation when teaching the topic. Teachers 

may hold overarching beliefs about mathematics (e.g., that it is a set of procedures), or they 

may have specific ideas about a certain mathematical topic (e.g., that functions should be 

represented as graphs). In either case, these conceptions have an impact on teachers’ enacted 

curricula. 
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The mathematics in the MDM curriculum is nontraditional. That is, it is not a set of 

rules and facts; instead, the mathematical content is problem driven, constructed, and 

problematic. Therefore, nontraditional beliefs about math align with the curriculum authors’ 

philosophies.  

Beliefs about teaching. Next, teachers’ beliefs about teaching may influence their 

curricular decisions. Note that I am imbedding beliefs about learning within the beliefs about 

teaching construct; also note that I discuss this belief specifically in the context of a 

mathematics classroom. Raymond (1997) studied both of these types of beliefs and described 

them according to the tradition-nontraditional scale. 

Raymond (1997) explained that a teacher with a traditional view of mathematics 

teaching tends to lecture, assign individual work, seek correct answers rather than 

explanations, and focus on memorization of skills and facts. A nontraditional view of 

mathematics teaching entails guided learning, valuing explanation over answers, problem-

solving activities, and cooperative learning. Furthermore, a teacher with a traditional view of 

mathematics learning believes students passively receive knowledge from the teacher, 

repeated practice is necessary, and memorization and mastery of algorithms signify learning. 

A nontraditional view of mathematics learning includes students learning through problem-

solving activities, cooperative group interactions, and students actively learning in their own 

way. 

Teachers’ instructional decisions can be affected by how they view the teaching and 

learning of mathematics (Manouchehri & Goodman, 1998; Putnam et al., 1992; Remillard, 
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1999). Standards-based materials typically emphasize student exploration, discussion, and 

conceptual understanding. Therefore, when teachers focus on students getting correct 

answers rather than understanding mathematical concepts, for example, they may be in 

conflict with standards-based ideas (Stipek et al., 2001).  

Often, teachers use traditional teaching methods when implementing a standards-

based curriculum. For example, Cohen (1990) discussed a teacher who believed she had 

“revolutionized” her classroom by incorporating standards-based practices into it. However, 

upon further examination, Cohen concluded that the teacher filtered her instruction through a 

traditional view of teaching. In fact, she used a mélange of nontraditional and traditional 

materials and practices.  

More specifically, some researchers explored the idea of teaching by “telling” (e.g., 

Putnam et al., 1992). “Telling” is a teaching method that refers to stating facts and 

demonstrating procedures (Smith, 1996). This instructional practice conflicts with standards-

based ideas of students discovering properties and relationships through open or guided 

explorations. That is, if students are being told mathematical truths and shown procedures, 

they are not given the opportunity to explore, conjecture, and justify mathematical ideas. 

Thus, when teachers’ beliefs about the teaching and learning of mathematics clash with the 

ideas contained the curriculum, the teachers may be less faithful in their implementation. 

In terms of the MDM curriculum, the curriculum authors’ philosophies align with the 

nontraditional beliefs about teaching. For example, the authors envision problem-solving 
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activities, group work, and class discussions that focus on predicting, exploring, interpreting, 

and analyzing.  

Beliefs about students. Teachers’ beliefs about students may also influence their 

curricular decisions. Again, I discuss this belief within the context of a mathematics 

classroom. Although Raymond (1997) did not study teachers’ beliefs about students, this 

construct could also be viewed along the tradition-nontraditional continuum. A traditional 

view of students could include (a) students cannot learn through group work, (b) it is not 

important for students to like mathematics, (c) students do not have appropriate background 

knowledge, or (d) some students are not “ready” for abstract mathematical thinking (Putnam 

et al., 1992). A nontraditional view of students includes the belief that (a) students can learn 

conceptual and abstract ideas before learning procedures and (b) it is important for students 

to have a positive attitude towards mathematics. 

Teachers’ beliefs regarding students’ needs and abilities may influence their 

implementation of a curriculum, as seen in the oval in Figure 2.2. Ball and Cohen (1996) 

stated,  

Teachers are influenced by what they think about their students, about what students 

bring to instruction, students’ probable ideas about the content at hand, and about the 

trajectories of their learning that content… Teachers fashion the material for students, 

choose tasks or models, and navigate instructional resources such as textbooks in 

order to design instruction. (p. 7) 
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In Remillard’s work, she found that when implementing a curriculum, teachers read not only 

the textbook, but they also read the students (Remillard, 1999; Remillard, 2000; Remillard & 

Bryans, 2004). In other words, teachers make curricular decisions based on observations and 

interactions with students while they are engaged in mathematical tasks. Therefore, as 

teachers implement a curriculum, they study the students and make decisions based on those 

observations. These decisions may or may not conflict with instructional practices contained 

in the curriculum. 

Thompson (1984) considered teachers’ “views about what constituted evidence of 

mathematical understanding in students” (p. 120). Thompson also looked at how perceptive 

teachers were regarding students’ needs and difficulties, as well as how concerned teachers 

were about students’ interest in and attitudes about math. Since a relationship exists between 

teachers’ perceptions regarding students’ abilities to do mathematics and the teachers’ level 

of implementation (Arbaugh et al., 2006), the conceptions found by Thompson (1984) are 

indicators of teachers’ levels of implementation. 

The MDM curriculum authors expect students to engage in the materials, work 

collaboratively, and complete tasks of high cognitive demand. Even if students were not 

successful in previous courses, the authors believe that students can complete the real-world 

problem contained in the MDM textbook. Therefore, the MDM curriculum authors’ 

philosophy aligns with nontraditional beliefs about students.  

Beliefs about curricular materials. Lastly, although Raymond (1997) did not discuss 

this, teachers’ beliefs about curricular materials can also be viewed along the traditional-
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nontraditional continuum, in a way similar to beliefs about teaching or beliefs about math. 

For instance, a traditional view of curriculum could include an emphasis on memorization 

and repetition. A nontraditional view could include a focus on explanation and problem-

solving. 

Lloyd (2002) explained teachers’ beliefs about curriculum materials as follows: 

Beliefs about curriculum encompass understandings of the role of curricular materials 

in the teaching and learning process, the philosophies of teaching and learning that 

underlie diverse curriculum materials, knowledge of the appropriateness of particular 

materials for certain classes and individuals, and the practical and intellectual 

understandings necessary for making adjustments to curricular approaches. (pp. 156-

157) 

Teachers may choose to stray from the written curriculum if they believe that the materials 

are inappropriate for their students (Arbaugh et al., 2006) or if they are uncomfortable with 

the standards-based materials (Frykholm, 2004). In fact, sometimes teachers believe that 

“good teachers” avoid following the textbook materials and instead create their own lessons 

and materials (Ball & Feiman-Nemser, 1988). 

In general, the implementation of a curriculum is influenced by the degree to which 

the teachers’ beliefs align with the curricular goals. Both Lloyd (1999) and Collopy (2003) 

performed case studies on two teachers and looked at their implementations of the same 

curriculum (Core-Plus and TERC Investigations, respectively). In Collopy’s (2003) study, 

one teacher’s curricular beliefs aligned with the goals of the curriculum, and this teacher 
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chose to make very few adaptations to the curriculum. The other teacher’s beliefs conflicted 

with the goals of the curriculum, and she ended up discontinuing her use of this curriculum 

and going back to a more traditional textbook. Lloyd (1999) found similar results when 

looking at two teachers’ implementation of Core-Plus, a standards-based curriculum. One of 

the teachers felt that the curriculum was too structured and provided too much direction for 

the students. The other teacher felt that the curriculum was not structured enough and was too 

challenging to allow for cooperative work. However, unlike the teacher in Collopy’s (2003) 

study, neither teacher in Lloyd’s (1999) study chose to make significant changes to the 

written curriculum, but they did not always use standards-based instructional practices. Thus, 

teachers’ beliefs about curricular materials may have an impact on their implementation in 

whatever form it takes.  

In terms of the MDM curriculum, the teachers volunteered to implement the 

curriculum. Therefore, it would be expected that they would have positive beliefs about the 

MDM curriculum. However, if teachers believe that some parts are not appropriate for their 

students or that the goals of the curriculum do not completely align with their belief structure, 

then MDM teachers may choose to stray from the written curriculum.  

Teacher knowledge. In addition to teachers’ beliefs, I studied teachers’ subject 

matter knowledge, which includes knowledge of mathematics as well as knowledge about 

mathematics (Ball, 1988). Subject matter knowledge is a subset of the larger construct of 

teacher knowledge. Most people agree that teacher knowledge influences instruction. 

Throughout the past 100 years, the emphasis of research on successful teaching has shifted 
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both mathematical knowledge and pedagogical knowledge (Shulman, 1986). Shulman argued 

that three categories of knowledge should be emphasized: subject matter knowledge, 

pedagogical content knowledge, and curricular knowledge. Since Shulman hypothesized the 

importance of these types of knowledge, many researchers examined, unpacked, and revised 

them (e.g., Ball, Thames, & Phelps, 2008; Fennema & Franke, 1992).  

Although all three types of teacher knowledge are important, I only consider subject 

matter knowledge in this study because past literature has made a strong connection between 

subject matter knowledge and curricular implementation (e.g., Cohen, 1990; Heaton, 1992; 

Manouchehri & Goodman, 1998). Little research has been done to show how pedagogical 

content knowledge or curricular knowledge influences curricular choices, particularly at the 

high school level. Due to this lack of research, I was unable to obtain previously validated 

survey items that measured teachers’ pedagogical content knowledge and curricular 

knowledge. Therefore, I chose not to include these types of knowledge in this study. 

In this section, I look at some of the ways researchers portrayed subject matter 

knowledge and how teachers’ subject matter knowledge influences curricular 

implementation. Before doing so, a statement needs to be made about the term knowledge. 

Some researchers prefer the term proficiency over knowledge because, as Wilson and Heid 

(2010) claimed, “knowledge may be seen as static and something that cannot be directly 

observed, whereas proficiency can be viewed as the dynamic use of the knowledge one has” 

(p. 2). Alternatively, Fennema and Franke (1992) asserted that knowledge is not static, rather 

“aspects of teacher knowledge grow through interactions with mathematics, in the classroom 
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environment, with students, and through professional experiences, to name a few” (p. 161). 

In this paper, I use Fennema and Franke’s view of knowledge as dynamic; therefore, the 

word proficiency will only be used when referring to the work of Wilson and Heid (2010).  

Subject matter knowledge. Most people agree that effective teachers need to know a 

great deal about the subject matter they teach (Ball, et al., 2008; Usiskin, 2001). However, 

inconsistencies exist among researchers regarding the types of subject matter knowledge that 

are important for teachers to have. For example, Shulman (1986) combined all subject matter 

knowledge under the heading of Content Knowledge, while Wilson and Heid (2010) 

presented three types of subject matter knowledge: Mathematical Proficiency, Mathematical 

Activity, and Mathematical Work of Teaching. Some of these inconsistencies occurred 

because the subject matter knowledge required at the elementary school level is different 

from the knowledge required at the secondary school level. In fact, most researchers 

examined only elementary school teachers’ knowledge. Wilson and Heid (2010) were some 

of the only researchers to focus exclusively on the knowledge of secondary school teachers. 

However, the work of Wilson and Heid (2010) focused on teacher proficiencies observed 

during instruction, not on knowledge teachers have inside and outside the classroom. 

Therefore, Wilson and Heid’s work is not appropriate for my study, where I assessed 

teachers’ subject matter knowledge outside the classroom. Instead, I considered teachers’ 

subject matter knowledge in general terms, according to Ball’s (1988) definition: knowledge 

of mathematics and knowledge about mathematics (see Figure 1.1 in Chapter One).  
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This general definition of subject matter knowledge can be discussed in different 

ways. Ball and her colleagues discussed two types of subject matter knowledge: common 

content knowledge and specialized content knowledge (Ball et al., 2008; Hill, Ball, & 

Schilling, 2008; Hill, Schilling, & Ball, 2004). Common content knowledge refers to the 

mathematical knowledge used in areas other than teaching. For example, people in various 

professions need to know how to use the quadratic formula to solve a quadratic equation, and 

so this would be an example of common content knowledge. Specialized content knowledge 

refers to the mathematical knowledge not typically used in areas other than teaching. For 

example, teachers should know the history of the quadratic formula and how to derive it, but 

this knowledge is rarely found outside the field of education. An, Kulm, and Wu (2004) 

combined common content knowledge and specialized content knowledge in describing 

subject matter knowledge. They stated, “Knowledge of content consists of broad 

mathematics knowledge as well as specific mathematics content knowledge at the grade level 

being taught” (p. 147). The definition of subject matter knowledge used in this paper—

knowledge of mathematics and knowledge about mathematics—aligns well with An et al.’s 

(2004) combined definition. 

The influence of subject matter knowledge on curricular decisions. Regardless of how 

subject matter knowledge is defined and dissected, researchers agree that teachers’ 

knowledge of mathematics content influences their curricular decisions (e.g., Cohen, 1990; 

Heaton, 1992; Manouchehri & Goodman, 1998). In particular, when teachers lack subject 

matter knowledge, their enacted curriculum could be quite different from the written 
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curriculum. To discuss how teachers may transform the written curriculum, I utilize the work 

of Zevenbergen (as cited in Cavanagh, 2006), who described three levels of curricular 

transformation: (1) conservatives, who reject the curriculum, (2) pragmatics, who support the 

curriculum but with some reservations, and (3) contemporaries, who whole-heartedly support 

the curriculum. Teachers’ level of transformation may be influenced by their subject matter 

knowledge. 

Manouchehri and Goodman (1998) studied 66 teachers as they implemented four 

curricula. They explained that in order for teachers to implement any one of these curricula 

as the authors intended, the teachers needed to know how the mathematical ideas were 

connected to one another and which concepts were central to the structure of the materials. 

Manouchehri and Goodman found that when teachers lacked subject matter knowledge, they 

often skipped lessons that they were not comfortable teaching or lessons that they thought 

were mathematically insignificant. Thus, when teachers lack subject matter knowledge, they 

may become conservative teachers who reject the curriculum. On the other hand, Remillard 

and Bryans (2004) found that teachers who lack subject matter knowledge tended to become 

contemporaries who implemented very closely to the written curriculum. In both of these 

studies, subject matter knowledge played a role in teachers’ curricular implementation, but 

there did not seem to be consensus for what form this impact takes. 

Furthermore, if teachers lack subject matter knowledge, they may not recognize 

important pieces of the curriculum. For example, the teacher in Heaton’s (1992) case study 

omitted the word “inverse” in her lesson on inverse functions, using instead “opposite” and 
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“reverse” due to her lack of understanding of the concept of “inverse”. A lack of subject 

matter knowledge may also impede students’ mathematical understanding. For instance, 

teachers may teach incorrect mathematical computations if they lack subject matter 

knowledge (Heaton, 1992). Finally, teachers may not be adequately able to answer students’ 

questions. If this is the case, explanation and exploration of students ideas is inhibited 

(Cohen, 1990).  

 When teachers lack subject matter knowledge, they may omit important mathematical 

lessons or vocabulary, present incorrect information, or inadequately respond to student 

inquiries. Regardless of the form it takes, subject matter knowledge clearly influences 

implementation of curriculum. 

MDM teachers need a great deal of subject matter knowledge to implement the 

materials as the authors intended. The mathematical content in the curriculum is new and 

different from what high school teachers have traditionally seen or taught. Therefore, MDM 

teachers’ subject matter knowledge plays a large role in their implementation of the 

curriculum. 

 Methodologies used to study conceptions. Generally, researchers studied the 

relationship between teachers’ conceptions and their implementation fidelity through surveys 

(e.g., McCaffrey et al., 2001; McNaught et al., 2008; Schoen et al., 2003; Tarr et al., 2005) 

and interviews (e.g., Arbaugh et al., 2006; Huntley et al., 2000; Remillard & Bryans, 2004).  

For example, researchers utilized surveys to examine how teachers felt about teacher 

preparedness and learning environments (McNaught et al., 2008; Schoen et al., 2003; Tarr et 
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al., 2005). Schoen et al. (2003) documented “teachers’ concerns about teaching a new 

curriculum” (p. 237) by questioning teachers about their concerns regarding (a) their ability 

to teach the new curriculum, (b) whether or not the curriculum would have an positive impact 

on student learning, and (c) their preparedness for teaching the curriculum. McCaffrey et al. 

(2001) also surveyed teachers to gauge whether or not they felt prepared to teach the new 

curriculum. Tarr et al. (2008) focused on a different aspect of teacher beliefs: the best 

learning environment for students. They stated teachers of standards-based curricula believed 

students learned best in small groups, working collaboratively; whereas, teachers of 

traditional curricula believed students learned best when “the teacher demonstrates concepts 

and methods and then provides students opportunities for practice and reinforcement” (p. 

254). This study illustrated how teachers’ beliefs regarding the appropriate learning 

environment can influence the way teachers implement the curriculum.  

Therefore, surveys are an effective way to gather information about teachers’ 

conceptions. They are efficient; they can be administered in multiple locations; they 

inherently organize data; and they provide a wealth of information. On the other hand, there 

may be a low response rate for the surveys, and teachers may report wrong information 

(Porter, 2002). Therefore, additional methods, such as interviews, should be utilized to 

validate the data gathered in the survey. 

Interviews also helped researchers gather information about teacher conceptions. For 

example, interviews could help reveal teachers’ beliefs about the curriculum’s strengths and 

weaknesses as well as teachers’ beliefs about students’ reactions to the curriculum (Arbaugh 
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et al., 2006; Huntley et al., 2000). In addition, Remillard and Bryans (2004) used interviews 

to report on, “teachers’ views about mathematics, teaching, student learning, the curriculum 

materials, [and] their own learning” (p. 359).  

Previous researchers who utilized interviews generally used structured or semi-

structured interviews to study teachers’ conceptions (Arbaugh et al., 2006; Huntley et al., 

2000; Remillard & Bryans, 2004). While structured and semi-structured interviews are an 

effective way to study teachers’ conceptions, they may not present a clear picture of the 

connection between these conceptions and curricular implementation. Therefore, a more 

effective method to study this connection is to employ stimulated recall interviews. This 

method is discussed further in Chapter Three. 

Chapter Summary 

The MDM curriculum is a new, innovative way to present mathematical concepts, 

using engineering and technological methods. In order to determine if these new materials 

and approaches “work”, the curriculum must be evaluated. This evaluation should include a 

content analysis, an investigation into curricular implementation, and an examination of 

student outcomes (NRC, 2004). The present study pursues the second component: curricular 

implementation. Within this investigation, I study teachers’ implementation fidelity and 

conceptions regarding their implementation fidelity. 

To date, there have been many studies evaluating curricular effectiveness. In 

particular, researchers studied the implementation components of a curriculum, which 

includes implementation fidelity and conceptions related to implementation fidelity.  
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When studying implementation fidelity, two overarching criteria must be included: 

content and pedagogy. As a field, we see that teachers show a range of implementation 

fidelity. Some have categorized the types of implementers, from narrow and irregular 

curriculum use to thorough curriculum use. However, the established categories are limited 

to the particular study whence they came, and new categories need to be established.  

Furthermore, implementation fidelity has typically been studied using observations, 

interviews, or surveys. While these tools are effective, they present issues in some way. For 

example, observations are the most common method for studying implementation fidelity, 

but this method is time-consuming, expensive, and sometime unrealistic. Thus, a new 

instrument is needed that can collect the same type of data as observations can but is less 

expensive and time-consuming than observations are. 

Mathematics teachers’ curricular choices are influenced for many reasons, and 

teachers’ conceptions are some of the most commonly cited reasons. Variations in 

instructional practices occur because teachers hold conceptions that influence their curricular 

choices. These conceptions include (but are not limited to) teachers’(a) beliefs about math, 

(b) beliefs about teaching, (c) beliefs about students, (d) beliefs about curricula, and (e) 

subject matter knowledge. Researchers tend to collect data about conceptions using of 

surveys, structured interviews, and semi-structured interviews, and these methods make it 

difficult for researchers to learn about teachers’ conceptions related to specific instructional 

decisions. Instead, stimulated recall interviews can access these conceptions, providing the 
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field with a clearer picture of how teachers’ conceptions relate to their implementation of a 

curriculum. 

Most researchers have only evaluated curricular effectiveness for standards-based 

curricula and publisher-developed curricula. The field is lacking in curriculum evaluation 

studies for NSF-funded curricula not based on the NCTM Standards (1989, 2000), such as 

the MDM curriculum. Therefore, this current study begins to fill this gap in the literature by 

studying the implementation fidelity of the MDM curriculum and how teachers’ conceptions 

relate to their implementation fidelity. Furthermore, I utilize new methodologies to study 

implementation fidelity (teacher logs) and conceptions related to curricular implementation 

(stimulated recall interviews). Hence, this study adds to the literature on the curricular 

implementation component of curriculum evaluation studies.  
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Chapter Three: Methodology 

The purpose of this study was to examine teachers’ implementation of a mathematical 

decision-making [MDM] curriculum and how their conceptions influenced this 

implementation. In particular, I studied how closely teachers’ enacted curriculum aligned 

with the authors’ intended curriculum. I also investigated what conceptions teachers held that 

brought their enacted curriculum closer or farther from the authors’ intended curriculum. The 

particular conceptions I considered were teachers’ (a) subject matter knowledge, (b) beliefs 

about mathematics, (c) beliefs about students, (d) beliefs about teaching, and (e) beliefs about 

curricular materials. Other conceptions may have influenced teachers’ instructional decisions 

as well, such as pedagogical content knowledge. However, these were the only ones I 

considered in this study because I restricted myself to conceptions that consistently emerged 

in the literature on curricular implementation and that were easily measured with previously 

validated surveys or assessments. Furthermore, I acknowledge that these conceptions could 

be studied in many subject areas as well as in more general educational research, but they 

were examined only in the context of the mathematics classroom. 

I answered the following research questions: 

1. How do teachers’ implementations of a mathematical decision-making curriculum align 

with the authors’ intentions? 

2. How do teachers’ conceptions influence their implementations of a mathematical 

decision-making curriculum?  
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a. How do teachers’ subject matter knowledge influence their implementation of a 

mathematical decision-making curriculum? 

b. How do teachers’ beliefs about mathematics, students, teaching, and curricular 

materials influence their implementation of a mathematical decision-making 

curriculum? 

Research Design 

I performed a mixed methods study (see Figure 3.1 and Table 3.1). The quantitative 

portion was conducted in parallel with the qualitative portion. I completed the quantitative 

part of the study by giving all MDM teachers a survey and logs to complete. At the same 

time, six of these teachers took part in the qualitative part of the study by participating in 

observations and interviews. The quantitative data provided general information about many 

MDM teachers. In particular, I gained a broad picture of MDM teachers’ implementations of 

the curriculum (through the logs) and of teachers’ beliefs and knowledge (through the 

survey). Concurrently, the qualitative data provided specific information about a smaller 

number of teachers. I learned how these particular teachers implemented the materials 

(through observations) and how their knowledge and beliefs influenced this implementation 

(through interviews). The qualitative data provided more in-depth information than the 

quantitative data could provide, and I believe it provided some information that could be 

generalizable to other teachers. For example, the teacher logs allowed teachers to detail their 

enacted curriculum, but the logs could not deliver a clear picture of exactly what happened in 

the classroom like an observation could. On the other hand, the quantitative data allowed me 
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to study a larger number of teachers. Thus, this mixed methods design allowed me to study 

large and small samples of teachers and yielded deep and broad data. 

Before presenting the details for the research design, some vocabulary is needed. 

Figure 3.2 provides a list of vocabulary used throughout remainder of the paper. 

 

RQ2: How do teachers’ 
conceptions influence their 

implementation of a mathematical 
decision-making curriculum?

Surveys 
(Quantitative)

Descriptive Statistics

Analyzed 
through

Answered 
using

RQ1: How do teachers’ 
implementations of a 

mathematical decision-making 
curriculum align with the authors’ 

intentions?

Teacher Logs 
(Quantitative)

Classroom 
Observations 
(Qualitative)

Adherence & Focus 
Scores

Observation Protocol

Analyzed 
through

Analyzed 
through

Answered 
using

Interviews 
(Qualitative)

Axial coding of the five 
conceptions

Analyzed 
through

Compared interview 
data 

to observation data
Compared survey data to log 

data 

· Subject-Matter Knowledge
· Beliefs about Mathematics
· Beliefs about Students
· Beliefs about Teaching
· Beliefs about Curriculum

Figure 3.1. Overview of the dissertation study. 
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Table 3.1 

Overview of the Dissertation Study 

 Methodology Sample Instruments Data Analysis 

Research Question 1: How do teachers’ implementations of a mathematical decision-

making curriculum align with the authors’ intentions? 

Observations Qualitative 
Six MDM 

teachers  

One observation 

protocol 

Completed 

observation protocol 

for all lesson 

segments 

Teacher 

Logs 
Quantitative 

13 MDM 

teachers 

16 logs 

(Approximately three 

logs per chapter) 

Adherence & Focus 

scores 

Research Question 2: How do teachers’ conceptions influence their implementations of a 

mathematical decision-making curriculum? 

Interviews Qualitative 
Six MDM 

teachers  

Three interview 

protocols  

Coded for the five 

conceptions 

Surveys Quantitative 
12 MDM 

teachers 
One survey 

Descriptive 

statistics, correlation 

with log data 
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 Problem Context: A problem context refers to one section within one of the 
chapters of the MDM curriculum. There are typically three large problem contexts 
within each chapter. A problem context may take up to several days to complete 

 Lesson Arc: A lesson arc includes one to two problem contexts. Observing a 
teacher for a lesson arc shows a typical instructional pattern and provides a sense of 
flow and continuity in the observations 

 Teacher Log: A teacher log is an instrument developed by Heck et al. (2012) to 
quantitatively measure teachers’ implementation fidelity. In this study, one teacher 
log was developed for each problem context in the mathematical programming 
chapters. 

 Segment: A segment refers to a portion of an observed lesson, ranging from five 
minutes to 50 minutes in length. A new segment was noted during observations 
when there was an obvious shift in the instruction, either mathematically or 
pedagogically.  

 Mathematical Storyline [MSL]: The MSL refers to “which topics are addressed, at 
what depth different topics are addressed, and/or what learning goals and student 
expectations are pursued” (Heck et al., 2012, p. 3). 

 Pedagogical Storyline [PSL]: The PSL refers to “which activities are conducted and 
how they are conducted in terms of openness or guidance, how students are 
grouped for instructional activities, and whether the patterns of interaction that are 
designed are actually pursued” (Heck et al., 2012, pp. 4-5). 

 Content Fidelity: Content fidelity refers to how much of the curriculum is covered. 
Having high content fidelity consists of “the content being enacted as written in the 
textbook and the textbook used as the primary source of content for the lesson” 
(McNaught et al., 2010, p. 4) 

 Presentation Fidelity: Presentation fidelity refers to how the curriculum is 
implemented. High presentation fidelity consists of “the enacted curriculum being 
consistent with the expectations of the authors as expressed in the author interviews 
and the author philosophy as reflected in the notes and suggestions to teachers in 
the Teacher’s Edition of the textbook” (McNaught et al., 2010, p. 4). 

Figure 3.2. Vocabulary of research design. 
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Case studies. For the qualitative portion of this research, I utilized a case study 

methodology, where a case was a teacher. Yin (2009) gave a two-part definition of case 

study: 

1. A case study is an empirical inquiry that: (a) investigates a contemporary 

phenomenon in depth and within its real-life context, especially when (b) the 

boundaries between phenomenon and context are not clearly evident. 

2. The case study inquiry: (a) copes with the technically distinctive situation in 

which there will be many more variables of interest than data points, and as one 

result (b) relies on multiple sources of evidence, with data needing to converge in 

a triangulating fashion, and as another result (c) benefits from the prior 

development of theoretical propositions to guide data collection and analysis. (p. 

18) 

There are different types of case studies, and the specific approach I used was a 

collective case study. Stake (1995) explained that a collective case study consists of an 

instrumental case study with multiple cases. He stated that an instrumental case study is 

appropriate when “we have a research question, a puzzlement, a need for general 

understanding, and feel that we may get insight into the question by studying a particular 

case” (p. 3). I studied teachers to gain insight into their instructional decisions and their 

reasons for making these decisions. I was not interested in studying the teacher his/herself. 

Instead, I was interested in how teachers implemented the MDM curriculum and how their 

conceptions influenced this implementation. That is, the case study was “instrumental to 
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accomplishing something other than understanding [a] particular teacher” (Stake, 1995, p. 3). 

Thus, an instrumental case study was appropriate for this study. 

Furthermore, I studied multiple cases because I was interested in similar and 

contrasting results among cases (Yin, 2009). Baxter and Jack (2008) explained, 

A multiple case study enables the researcher to explore differences within and 

between cases. The goal is to replicate findings across cases. Because comparisons 

will be drawn, it is imperative that the cases are chosen carefully so that the 

researcher can predict similar results across cases, or predict contrasting results based 

on a theory. (p. 548) 

These two pieces together—instrumental and multiple case studies—make up what Stake 

(1995) calls a collective case study. 

In addition, I studied only the teachers; I was not interested in students embedded 

within the classroom or teachers embedded within a school. Thus, I used a holistic—rather 

than an embedded—multiple case study, meaning I examined “only the global nature” of the 

teacher (Yin, 2009, p. 50).  

Site selection and sampling criteria. The teachers were chosen from the group of 

teachers who were participating in the mathematical decision-making [MDM] curriculum 

development project. This new curriculum is intended for high school seniors who have 

completed two years of algebra and one year of geometry. The course content consists of 

contextual problems from business as well as from students’ lives that employ multi-step 

problem-solving tools and result in multiple solutions that require interpretation in context. 
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The curriculum is not specifically based on the NCTM Standards (1989, 2000), although its 

tenets do align in many ways. Instead, the emphasis of the curriculum is for students to make 

decisions concerning contextual problems using mathematical methods. At the time of this 

study, high school teachers in several states throughout the country were currently piloting 

portions of the draft curriculum.  

The participants in the quantitative data collection were chosen from this population 

of MDM teachers (232 teachers). This population consisted of high school mathematics 

teachers who attended at least one MDM workshop in the past four years. After the 

workshop, many of these teachers continued to participate in the project by piloting materials 

in an existing fourth-year math course, providing feedback to the curriculum developers, 

participating in online discussions, and inviting researchers and authors to observe their 

classrooms. All of these teachers were asked to complete the survey and the teacher logs. I 

sent out emails to them (approximately one email every other week for four months), asking 

them to complete these instruments, and offering them $50 if they completed the survey and 

four logs. If they completed more than four logs, I offered them $5 for each additional log. 

Of the 232 teachers, 22 emails were incorrect and 33 teachers responded that they were not 

currently teaching from the MDM curriculum. This left 177 possible teachers who could 

complete the survey and logs. Not all of these teachers were currently teaching from the 

MDM curriculum, and even fewer of them were implementing the mathematical 

programming chapters. The exact number of teachers who implemented the mathematical 

programming chapters at the time of this study was unknown, but it was a fraction of the 177 
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teachers. Then, of these teachers, 13 completed at least one teacher log and 18 completed the 

survey. Of the 18 who completed the survey, 12 also completed at least one teacher log.  

The teachers who were observed and interviewed (those who were analyzed as case 

studies) were volunteers from North Carolina. That is, they formed a convenience sample. I 

chose to only observe teachers as they implemented the mathematical programming chapters 

in the MDM curriculum because these were the most commonly implemented chapters. I sent 

out an email to all local MDM teachers, offering them $50 to allow me to observe and 

interview them several times. Nine of these teachers volunteered to participate, and I chose 

six of them. Two teachers were not chosen to participate based on the chapters they were 

teaching and when they were teaching them. The third teacher was not chosen to participate 

because she worked extremely closely with another teacher who was participating in the 

study. Because they were so close, I would not be able to get as much variety in the data as I 

could if I chose another teacher.  

Table 3.2 shows information about the case-study teachers; all names are 

pseudonyms. Each teacher was observed during their implementation of one of the 

mathematical programming chapters. Table 3.2 lists the problem contexts implemented 

during the observed class periods. Since the implementation of a problem context can 

sometimes take several days, some of these problem contexts were observed in their entirety 

and some were not. For example, I observed Gina’s entire implementation of Section 3.1 

(Computer Flips, a Junior Achievement Company) but I only observed the beginning of her 

implementation of Section 3.2 (SK8MAN, Inc.).  
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In addition, Table 3.2 gives (a) the number of observations for each teacher, (b) the 

length of each class period, and (c) the total number of coded minutes. Each teacher was 

observed for multiple consecutive class periods, and the same class period was observed each 

day. The number of observed class periods ranged from three to seven, and the length of 

class periods ranged from 50 minutes to 90 minutes. However, not all minutes were analyzed 

(the analysis process is discussed later). For example, the time spent taking out and setting up 

computers or time spent on formal assessments (e.g., quizzes) was not analyzed. Therefore, 

Table 3.2 gives the total number of minutes that were analyzed from the classroom 

observations, rounded to the nearest five minutes. 

Due to time and space constraints, I only discuss the results for four of the teachers 

(Terri, Kimberly, Gina, and Sharon). These four teachers represented the range of 

implementation fidelity and conceptions shown amongst all six teachers. Furthermore, Terri 

and Kimberly were observed teaching the same chapter (Linear Programming—

Maximization), and Gina and Sharon were observed teaching the same chapter (Sensitivity 

Analysis). Thus, they provided a nice comparison of teachers implementing the same 

materials. 
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Table 3.2 

Case-Study Teachers 

 

Chapter 

Observed 

MDM Problem 

Context(s) 

Observed  

Number 

of Years 

Teaching 

Number of 

Observations 

(Length of 

Class Period) 

Total 

Number of 

Analyzed 

Minutes 

Terri 

Linear 

Programming—

Maximization  

Section 2.0: “The 

Lego Problem” 

Section 2.1: 

Computer Flips, a 

Junior Achievement 

Company  

Section 2.2: 

SK8MAN, Inc. 

8 5  
(87 minutes) 

405  
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Table 3.2 Continued 

Kimberly 

Linear 

Programming—

Maximization 

Chapter 0: “The 

iTunes Problem” 

Section 2.0: “The 

Lego Problem” 

Section 2.1: 

Computer Flips, a 

Junior Achievement 

Company  

8 7  
(50 minutes) 

295  

Gina 
Sensitivity 

Analysis 

Section 3.1: 

Computer Flips, a 

Junior Achievement 

Company 

Section 3.2: 

SK8MAN, Inc. 

16 3  
(85 minutes) 

185  

Sharon 
Sensitivity 

Analysis 

Section 3.1: 

Computer Flips 

Section 3.2: 

SK8MAN, Inc. 

36 4  
(50 minutes) 

170  
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Table 3.2 Continued 

Jonathon 
Integer 

Programming 

Section 5.1: 

Political Advertising 
14 5  

(50 minutes) 
225  

Cara 
Binary 

Programming 

Section 6.1: 

Flipping Houses 

Section 6.2: Sam 

Johnson Makes a 

Hard Decision 

18 3  
(90 minutes) 

265  

 

Data Collection 

I collected two forms of quantitative data and two forms of qualitative data (see 

Figure 3.1 and Table 3.1). The quantitative instruments consisted of teacher logs and a 

survey. The teacher logs measured teachers’ implementation of the MDM materials, and the 

survey measured teachers’ subject matter knowledge (in the context of mathematical 

programming) as well as their beliefs about math, students, teaching, and curricula. I 

collected the qualitative data through observations and interviews. During the observations, I 

examined teachers’ implementation of the MDM materials. The interviews were used to 

study how teachers’ conceptions influenced this implementation.  

Therefore, I answered the first research question (How do teachers’ implementations 

of a mathematical decision-making curriculum align with the authors’ intentions?) through 

teacher logs and observations. The second research question (How do teachers’ conceptions 
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influence their implementations of a mathematical decision-making curriculum?) was 

answered by comparing survey data to teacher log data and comparing interview data to 

observation data. Figure 3.1 and Table 3.1 provide illustrations of this breakdown. 

Teacher logs. The teacher logs were developed specifically to study teachers’ 

implementation of MDM lessons. The list of teacher logs is given in Table 3.3, and the 

teacher logs are shown in their entirety in Appendix B. Each log corresponds with a problem 

context in the MDM textbook; one log was created for each problem context in the 

mathematical programming chapters. 

For each problem context, a log was created that contained a list of items for teachers 

to choose from that illustrated their instructional choices. Each of these items (a) supported 

the authors’ intentions, (b) went against the authors’ intentions, or (c) was neutral, both in 

terms of mathematical content and pedagogy.  

In order to best capture the implementation and connect it to the authors’ intentions, I 

drew from the work of Heck et al. (2012). They created two constructs: the mathematical 

storyline and the pedagogical storyline. The mathematical storyline [MSL] might refer to 

“which topics are addressed, at what depth different topics are addressed, and/or what 

learning goals and student expectations are pursued” (p. 3). A connection can be made 

between the MSL and content fidelity (McNaught et al., 2010). That is, a teacher who 

supports the mathematical storyline would most likely have high content fidelity because 
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Table 3.3 

List of Teacher Logs 

Chapter Section: Context 

Chapter 2: Linear 

Programming—

Maximization  

Section 2.0: “The Lego Problem” 

Section 2.1: Computer Flips, a Junior Achievement Company 

Section 2.2: SK8MAN, Inc. 

Section 2.3: The Pallas Sport Shoe Company 

Chapter 3: 

Sensitivity Analysis 

Section 3.1: Computer Flips, a Junior Achievement Company 

Section 3.2: SK8MAN, Inc. 

Section 3.3: The Pallas Sport Shoe Company 

Chapter 4: Linear 

Programming—

Minimization  

Section 4.1: Nutrition in Malawi 

Section 4.2: Minimizing Cost to Reduce Phosphorus in 

Watersheds 

Section 4.3: Disk Gasoline Distributors, Inc. 

Chapter 5: Integer 

Programming 

Section 5.1: Political Advertising 

Section 5.2: Opening and Operating the Pizza Palace 

Section 5.3: Transporting Oranges to Midwest Markets 
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Table 3.3 Continued 

Chapter 6: Binary 

Programming 

Section 6.0: Jarvis Selects Projects 

Section 6.1: Flipping Houses 

Section 6.2: Sam Johnson Makes a Hard Decision 

 

both constructs examine the content criterion for measuring implementation fidelity (see 

Chapter Two). The pedagogical storyline [PSL] includes “which activities are conducted and 

how they are conducted in terms of openness or guidance, how students are grouped for 

instructional activities, and whether the patterns of interaction that are designed are actually 

pursued” (pp. 4-5). The PSL is similar to what McNaught et al. (2010) referred to as 

presentation fidelity. That is, these two constructs examine the pedagogical criterion for 

measuring implementation fidelity (see Chapter Two). 

To determine the mathematical and pedagogical intentions of the authors as I 

developed the teacher logs (note that although I have written materials, I am not a primary 

author of this curriculum), I primarily relied on the written materials. The text is written for 

the student, not the teacher. Therefore, if a teacher does not give students the opportunity to 

read the text, he/she is going against the authors’ PSL. In addition, if a teacher does not 

present the mathematics in the order in which it is given in the text, he/she is going against 

the authors’ MSL. Thus, each item in the teacher logs was coded as (a) supporting the MSL, 

(b) going against the MSL, (c) supporting the PSL, (d) going against the PSL, and/or (e) 
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neutral. Note that many of the items had multiple codes, such as “supports the MSL but goes 

against the PSL.” 

To better understand how I used the storylines, consider an implementation of the 

Lego problem (see Appendix A for the full text of this problem and Appendix B for the 

completed teacher log for this problem). First, consider the authors’ pedagogical intentions. 

This problem was designed to introduce linear programming to students. Therefore, a 

pedagogical item on the teacher log was, “I used the Lego problem to introduce linear 

programming.” If a teacher checked this item, he or she supported the authors’ PSL. In 

addition, students were expected to use a model to solve this problem; ideally, students 

should use Lego pieces to build a physical model of the problem, but students could draw 

pictures to model it if Lego pieces were not available. Therefore, the following pedagogical 

items were included on the log: (a) Students modeled the problem using Legos to build a 

physical model of the problem, (b) Students modeled the problem by drawing pictures, and 

(c) Students solved this problem without using any type of model. If a teacher checked (a) or 

(b), he or she supported the authors’ PSL; if a teacher checked (c), he or she went against the 

authors’ PSL. 

Next, consider the authors’ mathematical intentions. The authors used this section to 

introduce some of the concepts of linear programming, using intuition and models to find a 

solution to the problem. That is, students were expected to solve this problem informally, 

without the use of graphing or technology. Therefore, the following items were included on 

the log: (a) Students solved this problem by graphing constraints, finding the corners points, 
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and evaluating the corner points in the objective function, (b) Students solved the problem 

using Excel Solver, and (c) Students solved this problem without using any linear 

programming. If a teacher checked (a) or (b), he or she went against the authors’ MSL; if a 

teacher checked (c), he or she supported the authors’ MSL. 

As another example, Table 3.4 shows three items from a teacher log. These items 

were designed to determine how teachers asked or presented in-text questions, which were 

included in almost all of the sections of the MDM curriculum. These in-text questions were 

written by the authors with the intention that students would answer them. Therefore, if a 

teacher chose item (a), they were going against the authors’ PSL because he or she did not 

give students the opportunity to answer the questions on their own. However, if a teacher 

chose items (b) or (c), he or she supported the authors’ PSL. On the other hand, as long as the 

teacher provided students exposure to the content in these items (i.e., if they choose any of 

these items), they supported the authors’ MSL.  

Teacher logs were developed for each contextual problem in each of the mathematical 

programming chapters. In the MDM curriculum, a chapter is generally made up of three large 

contextual problems. The first problem is an introductory problem, where many questions are 

asked but not answered. The purpose of this problem is to encourage students to think about 

the problem and the mathematics of the problem without solving it. The second problem is 

exploratory. In this problem, the authors completely and thoroughly go through an entire 

problem context, and few questions are asked. The last problem is an interpretation problem, 

where a problem is solved for the students, and they are asked to interpret the solution. 
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Table 3.4 

Items and Codes from a Teacher Log 

Items from a Teacher Log Pedagogical Storyline Mathematical 

Storyline 

a. I led a class discussion that covered 

the information out of in-text 

questions #1-2 (but did not 

explicitly ask these questions). 

Goes against the PSL Supports MSL 

b. I explicitly asked the whole class in-

text questions #1-2. 
Supports PSL Supports MSL 

c. Students read in-text questions #1-2 

out loud or individual. 
Supports PSL Supports MSL 

 

Therefore, there were approximately three logs (one for each problem context) for 

each of the five mathematical programming chapters, for a total of 16 logs. The mathematical 

programming chapters and the logs per chapter are shown in Table 3.3. 

All MDM teachers were asked to complete as many logs as they could. The logs were 

posted on a survey site called Qualtrics, and I sent a link for this website to all MDM 

teachers. Each log took approximately five minutes to complete. Teachers were asked to 

complete the logs immediately after the lesson so that they remember exactly what was done 

during the lesson.  
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Observations. Teachers’ implementations of the MDM materials were also 

investigated through observations. Observations allowed me to gather specific information 

about teachers’ instructional choices. While all MDM teachers were asked to participate in 

the teacher logs, only six MDM teachers participated in the observations as they 

implemented one of the five mathematical programming chapters. The mathematical 

programming chapters are shown in Table 3.3. 

I observed two teachers implement the Linear Programming—Maximization chapter, 

two teachers implement the Sensitivity Analysis chapter, one teacher implement the Integer 

Programming chapter, and one teacher implement the Binary Programming chapter. The only 

mathematical programming chapter that was not observed was the Linear Programming—

Minimization chapter. Of the five mathematical programming chapters, the Linear 

Programming—Minimization chapter is not a conceptually significant chapter. In the 

textbook, the concepts are simply extended from the previous two chapters and offer students 

more practice. Therefore, I decided it was more beneficial to obtain data from two teachers 

from each the Linear Programming—Maximization and Sensitivity Analysis chapters, rather 

than from the Linear Programming—Minimization chapter. 

I did not observe teachers as they taught the entire chapter. Instead, I chose one to two 

problem contexts from each chapter to observe. A problem context typically takes between 

one and four days to implement. Thus, I observed one teacher for one or two problem 

contexts, and then moved on to the next teacher; teachers were observed for three to seven 

consecutive days, as seen in Table 3.2. I called this a “lesson arc” because it provided me 
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with a sense of flow and continuity in the observations. Other researchers noted the 

importance of observing for more than just one class period at a time (e.g., Coburn, 2006; 

Scott, Jamieson-Noel, & Asselin, 2003). By following a teacher through a lesson arc, I was 

able to observe a typical instructional pattern while still seeing enough teachers to gather 

sufficient data about curriculum implementation.  

During each observation, I took field notes and videotaped the lesson. I had two 

cameras set up in the back of the classroom; one followed the teacher throughout the class 

period, and one remained stationary focused at the front of the room. The field notes 

consisted of a general description of the teachers’ actions as well as teacher and student 

questions. The field notes were naturally divided into segments, where a new segment began 

when the teachers began a new instructional techniques or new content. Then, as soon as 

possible after the observation, I completed an observation protocol for each lesson segment 

while watching the video (see Appendix C for observation protocol). This protocol was 

adapted from the Productive Pedagogies framework from the Queensland Department of 

Education and Training (K. Makar, personal communication, October 7, 2009; The State of 

Queensland, 2002). The framework outlines four overarching foci for effective pedagogy: 

intellectual quality, supportive classroom environment, recognition of difference, and 

connectedness.  

As mentioned earlier, curriculum evaluation instruments must be curriculum-specific 

(Huntley, 2009). Since the MDM curriculum was not written based on the NCTM Standards 

(1989, 2000), the MDM curriculum authors needed a new method to evaluate teachers’ 
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enacted curriculum. Thus, the authors adapted the Productive Pedagogies framework for their 

purposes. To determine the MDM curriculum authors’ intentions with respect to this 

framework, all primary and secondary authors discussed each focus. Then, the MDM 

curriculum authors adapted indicators connected to these foci to study MDM teachers’ 

implementation. For example, the authors expected teachers to emphasize real-world 

contexts, interpret and synthesize application problems, utilize multi-step reasoning, be 

mathematically accurate, use technology effectively, promote student exploration, and foster 

an improvement in student attitudes. To verify these expectations, we (another graduate 

student and I) presented the original Productive Pedagogies framework to the primary 

authors. We asked them which indicators aligned with what they expected to see in the 

classroom. Then, we removed indicators that were not relevant to the MDM curriculum and 

added in some that were. For example, in the “Supportive Classroom Environment” focus, 

the authors decided that it was not important for students to “influence the specific activities 

or tasks they will do in a lesson or how they will undertake them.” Therefore, the “Student 

direction” indicator was removed from the original protocol. On the other hand, the authors 

felt that it was important to include a “Technology” indicator, and so this was added. Table 

3.5 lists some of these foci and indicators (see Appendix C for the full observation protocol). 

This observation protocol has been used and adapted by the researchers and authors 

on the MDM curriculum development project. In particular, two graduate students and I 

utilized the protocol and discussed our findings. Then, the protocol was revised based on our 

experiences. I also performed a pilot study using this observation protocol in Fall 2010 and 
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found that it appropriately measured teachers’ implementation fidelity of the MDM 

curriculum (Holstein, Keene, & Dietz, 2011). 

 
Table 3.5 

Productive Pedagogies Rating 

Focus Description 

Intellectual Quality  

Knowledge as problematic This involves an understanding of knowledge not as 

a fixed body of information, but rather as being 

constructed, and hence subject to political, social 

and cultural influences and implications 

Supportive Classroom Environment 

Academic Engagement Students are engaged and on task. They show 

enthusiasm for their work by raising questions, 

contributing to group activities and helping peers. 

Technology Students use appropriate technology (e.g., Microsoft 

Excel, graphing calculators) correctly. Reflection 

encouraged during and after technology use. 

Instruction incorporates interpretation of results 
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Table 3.5 Continued 

Connectedness 

Background knowledge Opportunities are provided for students to make 

connections between their own background 

knowledge and experience and the topics, skills and 

competencies they are studying and acquiring. 

Connectedness to the world This describes the extent to which the lesson has 

value and meaning beyond the instructional context, 

making a connection to the wider social context 

within which students live. 

 

To complete the observation protocol for the present study, I first divided my field 

notes into segments. A segment referred to a certain instruction strategy, such as group work 

or lecture, or a certain task. Segments lasted from approximately five minutes to 45 minutes, 

and there were one to seven segments per lesson. For each segment, I labeled each indicator 

on the observation protocol as “observed”, “not observed”, or “exemplary”. Generally, if 

there was any evidence of the indicator, it was labeled as “observed”; if there was no 

evidence of the indicator, it was labeled “not observed”; if there was exception evidence of 

the indicator, such as the students being extremely engaged or the teacher pushing students to 

think beyond the solution within the context of the problem, then the indicator was 

“exemplary”. For example, Terri (one of the case-study teachers) showed evidence of the 
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Technology indicator when she brought students to the computer lab to complete a linear 

programming problem using Microsoft Excel. This indicator was “observed” for this segment 

because students were using technology to solve a problem from the MDM curriculum; it 

was not “exemplary” because Terri did not encourage students to reflect on or interpret the 

steps or the results of the use of technology.  

After labeling each indicator, I provided comments explaining my choice. These 

comments were based on the field notes and the videotape. In addition, the protocol included 

a section where I described, in detail, the sequence of events of the lesson. This section 

allowed me to write extended field notes of the observation. In general, the indicators and the 

extended field notes in this protocol allowed me to determine how closely teachers’ enacted 

curricula aligned with the authors’ intended curriculum. 

Survey. The purpose of the survey was to quantitatively examine teachers’ 

conceptions (see Appendix D for the survey and Appendix E for the survey organized by 

construct). Again, all MDM teachers were asked to complete the survey (the same teachers 

who were asked to complete the teacher logs). The data from the survey were compared to 

the data from the teacher logs to determine if there was any connection between teachers’ 

conceptions (i.e., their knowledge and beliefs) and their implementation of the MDM 

curriculum. This correlation was used to answer the second research question (How do 

teachers’ conceptions influence their implementations of a mathematical decision-making 

curriculum?). 
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This survey took teachers approximately 25 minutes to complete. Like the teacher 

logs, all MDM teachers were asked to complete the survey. And also like the teacher logs, 

the survey was posted on the Qualtrics website. The beliefs and knowledge survey was 

completed by 18 teachers, but only 12 of them also completed at least one teacher log.  

The survey was developed based on previously validated surveys in the literature 

(McDiarmid & Wilson, 1991; Perry et al., 1999; Spielman & Lloyd, 2004; Suinn, 1988). 

However, some of the items needed to be adapted for the purposes of this study. They 

contained five constructs for the five conceptions being measured in this study: (a) subject 

matter knowledge, (b) beliefs about math, (c) beliefs about teaching, (d) beliefs about 

students, and (e) beliefs about curricular materials. 

Subject matter knowledge. First, to study teachers’ subject matter knowledge, I 

adapted items from McDiarmid and Wilson (1991), who studied the subject matter 

knowledge of alternate route teachers. Most of the questions they asked dealt with 

elementary and early secondary mathematics. Therefore, the questions needed to be 

significantly adapted to meet the needs of this study. The basic form of the questions 

remained the same, but the content covered mathematical programming topics instead. In 

these items, my goal was primarily to study knowledge of mathematics, rather than 

knowledge about mathematics (Ball, 1988) to best determine teachers’ subject matter 

knowledge of the mathematical programming concepts. Teachers could obtain up to 18 

possible points on these items. 
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Beliefs about math. Second, survey items measuring teachers’ beliefs about math 

were chosen from a Metromath affect study survey and from Perry, Howard, and Tracey’s 

(1999) survey. The Metromath survey was adapted from Fennema and Sherman (1976) and 

the Mathematics Anxiety Rating Scale [MARS] and Mathematics Anxiety Rating Scale-E 

[MARS-E] in Suinn (1988). The items under the beliefs about math construct were 

constructed into two sets of items: nontraditional, which were scored positively, and 

traditional, which were scored negatively. The first set of items (the nontraditional items) 

included (a) positive items, such as “I know how useful algebra and higher mathematics can 

be,” and (b) child-centeredness items, which focused on constructing and experiencing 

mathematics, such as “Mathematics is the dynamic searching for order and pattern in the 

learner's environment.” Items in this construct would be considered nontraditional beliefs 

about math (Raymond, 1997).  

The second set of items (the traditional items) included (a) negative items, such as 

“Higher math doesn’t actually have much use for most people in everyday life,” and (b) 

transmission items, which had a “traditional view of mathematics as a static discipline which 

is taught and learned through the transmission of mathematical skills and knowledge from 

the teacher to the learner” (Perry et al., 1999, p. 40), such as “Solving math problems is best 

done by following established rules.” Items in this construct would be considered traditional 

beliefs about math (Raymond, 1997).  

Both the Metromath survey and Perry et al.’s (1999) survey used a Likert scale. 

However, Perry et al. (1999) utilized a three-point Likert scale (disagree, undecided, agree) 
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and the Metromath survey used a five-point Likert scale (strongly disagree, disagree, neither 

disagree nor agree, agree, strongly agree). For consistency purposes, I extended Perry et al.’s 

survey items to a five-point Likert scale. No other changes were made to the survey items 

that measure teachers’ beliefs about math. 

Beliefs about teaching. Third, to study teachers’ beliefs about teaching, I used survey 

items from Perry et al. (1999) and Spielman and Lloyd (2004). The items under the beliefs 

about teaching construct were constructed into two sets of items: nontraditional, which were 

scored positively, and traditional, which were scored negatively. The first set of items 

included nontraditional items, such as “Students learn best when working in small groups or 

doing discussion in small groups.” The second set of items included traditional items, such as 

“I find student-guided whole-class discussion to be ineffective.”  

Again, Perry et al. (1999) used a three-point Likert scale (disagree, undecided, agree), 

which could easily be extended to a five-point Likert scale. However, Spielman and Lloyd 

(2004) asked teachers to indicate the percentage of class time they thought should be devoted 

to each of the items, such as “teacher explanation of problem solutions to the class” and 

“students working in small groups or doing discussion in small groups.” To make these items 

consistent with the rest of the survey items (with a five-point Likert scale from strongly 

disagree to strong agree), I reworded them into statements such as, “the teacher should 

explain problem solutions to the class” and “students learn best when working in small 

groups or doing discussion in small groups.” In addition, I created items that presented these 

ideas in an opposite way, such as “it is not necessary for the teacher to explain problem 
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solutions to the class” and “student learning does not occur when they work in small groups.” 

Therefore, each item in this portion of the survey was portrayed in both a nontraditional 

(scored positively) and a traditional (scored negatively) way. Once these changes were made, 

these items utilized to a five-point Likert scale, like the items that measured teachers’ beliefs 

about teaching.  

Beliefs about students. Fourth, the items measuring teachers’ beliefs about students 

came from the Metromath survey. The items under the beliefs about students construct were 

constructed into two sets of items: positive items, such as “Most of my students like doing 

math,” and negative items, such as “Most of my students don’t feel they want to be good 

math students.”  

These items were not altered at all from the original source. Therefore, all items 

measuring teacher’s beliefs about (a) math, (b) teaching, and (c) students were written with a 

five-point Likert scale from strongly disagree to agree. These items were then randomly 

placed on the survey, using a random number generator. 

Beliefs about curriculum. Fifth, Spielman and Lloyd’s (2004) survey items were 

used to measure teachers’ beliefs about curricular materials. These researchers originally 

studied beliefs about textbooks, rather than beliefs about curriculum. Thus, the only change 

that was made to these items was to replace the word “textbook” with “curriculum”. These 

terms are similar, so little fidelity was lost in the change.  

The items under the beliefs about curriculum construct were constructed into two sets 

of items: nontraditional, which were scored positively, and traditional, which were scored 
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negatively. The first set of items included nontraditional items, which emphasized applied 

and interactive problems, problems with multiple solutions, and sense-making of rules and 

relationships. For example, teachers were asked to rate how important “Joint, cooperative, or 

small group work” and “Problems that represent real-world situations” were in a curriculum.  

The second category included traditional items, which emphasized practice problems, 

examples, and explanations (Spielman & Lloyd, 2004). For example, teachers rated how 

important “Practice problems for students to solve” and “Easy to understand steps for solving 

problems” were in a curriculum. 

The items in the beliefs about curriculum construct were listed separately from the 

other belief items in the survey because they could not be worded in a way that would be 

consistent with the five-point Likert scale (strongly disagree to agree). However, these items 

were also randomly placed on the survey within the section on beliefs about curricular 

materials (see Appendices D and E). 

It should be noted that the items in the beliefs about curriculum construct were 

unrelated to the MDM curriculum; Spielman and Lloyd (2004) used these survey items to 

study change in pre-service teachers’ beliefs about textbooks. Therefore, any quantitative 

connection (or lack thereof) between teachers’ beliefs about curriculum and their 

implementation fidelity was a connection between their beliefs about curriculum in general, 

not specifically about the MDM curriculum. This is discussed further in Chapters Five and 

Six. 
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The survey provided a large amount of general, teacher-reported data. This 

information was valuable to make certain generalizations about the conceptions of MDM 

teachers. Unfortunately, I was not able to ask any follow-up questions or to delve deeper into 

teachers’ conceptions. Thus, interviews were necessary to provide in-depth, and possibly 

different, data. 

Interviews. The last form of data collection was interviews. The same six teachers 

who were observed were also interviewed. The interviews sought to collect data similar to 

the survey (specifically about teachers’ subject matter knowledge, beliefs about math, beliefs 

about teaching, beliefs about students, and beliefs about curricular materials). Therefore, the 

interview data supported and was supported by the survey data. For this reason, I asked all 

six teachers who were interviewed to also complete the survey (note that four of them also 

completed at least one teacher log).  

There were three forms of interviews: (a) pre-observation semi-structured interviews, 

(b) post-observation semi-structured interviews, and (c) post-observation stimulated recall 

interviews. During the pilot study, I used pre-observation semi-structured interviews and 

post-observation semi-structured interviews (Holstein et al., 2011). I found these interviews 

to be informative, and they provided rich data. However, I felt that I needed a way to gain a 

clearer picture of the conceptions that related to teachers’ specific instructional decisions. 

Therefore, I also included stimulated recall interviews in the present study. 

Semi-structured interviews. As mentioned above, teachers were observed during 

their implementation of one of the mathematical programming chapters. The first type of 
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interview was a semi-structured, pre-observation interview. The objective of this interview 

was to determine what decisions were made prior to the lesson and why those decisions were 

made. The pre-observation interview protocol included some items from Horizon Research, 

Inc.’s Inside the Classroom Interview Protocol (HRI, 2000), and questions were added, with 

the help of another researcher, based on the goal of this study (see Appendix F for pre-

observation interview protocol). This protocol was utilized in a pilot study in Fall 2010 

(Holstein et al., 2011). This interview occurred before approximately every other 

observation, either the night before on the phone or the day or period before in person. Since 

the purpose of the pre-observation interview was to hear about what influenced teachers’ 

decisions while planning the lesson, it could occur any time between the planning of the 

lesson and the implementation of the lesson. I initially planned to interview teachers before 

each observed lesson, but I quickly realized that these interviews became repetitive and 

unnecessary. Therefore, most teachers were interviewed before approximately every other 

observation. 

The next interview was also semi-structured and took place immediately—or as soon 

as possible—after the first observation. The post-observation semi-structured interview 

protocol included some questions from Horizon Research, Inc.’s Inside the Classroom 

Interview Protocol (HRI, 2000), and questions were added related to the productive 

pedagogies framework (see Appendix G for post-observation semi-structured interview 

protocol). This protocol was also utilized in a pilot study in Fall 2010 (Holstein et al., 2011). 

During this interview, I asked teachers about the lesson that just occurred, with questions 
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such as: “How do you feel about how the lesson played out?” and “What sort of changes did 

you make, during instruction, from your originally planned lesson? Why did these changes 

occur?” The goal of this interview was to learn about some of the conceptions teachers held 

when they implemented the MDM materials. 

Stimulated recall interviews. The stimulated recall interview occurred after the final 

observation, either immediately following the observation or the next day. I had videotaped 

each observation, and I clipped these videos based on one of three criteria: (a) the clip 

represented an instructional choice the teacher did often, (b) the clip represented an 

instructional choice that was unusual or unexpected for that teacher, or (c) I made a note in 

my field notes to ask the teacher about a specific instance (e.g., when the teacher chose to 

stray from the materials or when the teacher chose to answer—or not answer—a student’s 

question). Furthermore, as I continued with my data collection, I tried to ask similar 

questions in each stimulated recall interview. For example, if two or more teachers used the 

same techniques, I would ask them the same questions.  

During the interviews, the teachers watched clips from the previous days’ lessons and 

explained why they made certain instructional choices. In particular, I inquired about teacher 

decisions that seemed to align or not align with the authors’ intentions. Therefore, these 

interviews looked very different for each teacher, in terms of length and questions asked. 

I believe this was an appropriate tool because stimulated recall interviews can be used 

to examine the thoughts teachers have during instruction. Gass and Mackey (2000) 

explained, 
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Stimulated recall methodology can be used to prompt participants to recall thoughts 

they had while performing a task or participating in an event. It is assumed that some 

tangible (perhaps visual or aural) reminder of an event will stimulate recall of the 

mental processes in operation during the event itself. (p. 17) 

In this study, I presented between five and ten clips from the observed lesson. The clips 

ranged from 10 seconds to five minutes (note that the five-minute clip was paused several 

times during its viewing). Before each clip, I reminded the teacher about the particular 

segment to prepare him or her for the clip. This allowed the teacher to get back into the 

mindset of that moment. 

 I attempted to have the stimulated recall interview occur as soon as possible after the 

event. Brown found that participants’ recall can be 95% accurate up to 48 hours after the 

event, but this rate declined to approximately 65% two weeks after the event (as cited in Gass 

& Mackey, 2000, p. 90). Participants’ recall could be influenced by outside factors, and these 

influences grow as time passes. For example, if there were other lessons between the 

observation and the interview, the teacher may recall a more recent lesson instead of the 

observed lesson. Alternatively, a teacher may recall a lesson that occurred before the 

observation. In either case, the closer the interview is to the observation, the more accurate 

the data. Therefore, the stimulated recall interview occurred immediately after or the day 

after the final observation. 

Finally, I utilized a general protocol for the stimulated recall interview. I asked 

questions similar to those asked by Clark and Peterson (1976) as well as those by Fogarty, 
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Wang, & Creek (1983) (see Appendix H for general protocol). A stimulated recall interview 

protocol typically begins with the interviewer explaining the process to the participant. For 

example, the interviewer may ask the participant to review the event and explain his or her 

thinking at that point in time. It is important for the participant to understand that he or she 

should not attempt to create an explanation based on the prompt and instead should try to 

bring his or her thinking back to the original event. Next, the prompt begins. Either the 

participant or the interviewer can choose to stop the video at any time to discuss a decision. 

In either case, the interviewer should have questions prepared. Lyle (2003) described the 

types of questions asked during a stimulated recall interview: 

The general pattern employed is a series of structured, but relatively open-ended, 

questions posed to the subject as soon as possible after, or during, the viewing of the 

videotape. Questions are centered on a description-thinking-noticing-alternative 

behaviors structure… or are designed more specifically to reflect the focus of the 

study. (p. 863) 

To review, each teacher took part in three types of interviews: (a) pre-observation 

semi-structured interviews before approximately every other lesson, (b) one post-observation 

semi-structured interview following the first lesson only, and (c) one post-observation 

stimulated recall interviews following the final lesson only. Each of these interviews was 

audio and/or videotaped and then transcribed. This process allowed me to gather rich data 

regarding teachers’ knowledge and beliefs.  
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Data Analysis 

 The quantitative data were analyzed separately from the qualitative data (see Figure 

3.1 and Table 3.1). The analysis of the quantitative data had three parts. First, the teachers’ 

responses to the teacher logs were analyzed to determine the extent to which teachers’ 

enacted curriculum aligned with the authors’ intended curriculum. Second, the survey 

responses were analyzed. Third, the survey results were compared to the teacher log results, 

to determine if there was any correlation between teachers’ conceptions and their 

implementation fidelity.  

The qualitative data was also analyzed. For the observation data, I labeled each 

indicator in the Productive Pedagogies framework for each lesson segment as “observed”, 

“not observed”, or “exemplary”, providing reasons for each label. I also identified whether 

each lesson segment was faithful or not faithful to the MDM content. Finally, I analyzed the 

interview transcripts using axial coding (Creswell, 2007). That is, I looked for evidence of 

teachers’ (a) subject matter knowledge, (b) beliefs about math, (c) beliefs about teaching, (d) 

beliefs about students, and (e) beliefs about curricular materials. Within each of these 

conceptions, I created codes that described how the conception emerged. The data analysis 

for each methodology is discussed in further detail in this section. 

Teacher logs. The data from the teacher logs was exported from Qualtrics into a 

Microsoft Excel file, where each teacher log had its own Excel worksheet (approximately 

three logs for five chapters, for a total of 16 worksheets). Then, each teacher-completed log 
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received four scores: (a) mathematical adherence, (b) mathematical focus, (c) pedagogical 

adherence, and (d) pedagogical focus (Heck et al., 2012).  

The mathematical and pedagogical adherence scores referred to how the teacher 

supported the authors’ intentions, and were calculated as follows: 

Adherence
Number of fidelity elements enacted

Total number of fidelity elements
 

This formula yielded a number between 0 and 1. For example, if a teacher checked off every 

item on the log which supported the authors’ mathematical storyline, he or she would receive 

a mathematical adherence score of 1. On the other hand, if a teacher did not check off any 

item which supported the authors’ mathematical storyline, he or she would receive a 

mathematical adherence score of 0. The pedagogical adherence score was calculated in the 

same way. 

 Each teacher-reported log also received two focus scores. While the adherence scores 

only took into account how much the teacher supported the authors’ intentions, the focus 

score also took into account the items that went against the authors’ intentions. The focus 

scores were calculated using the following ratio:  

Focus
1

Number of fidelity elements enacted
Total number of fidelity elements

Number of other elements enacted
Total number of other elements

2
 

This ratio yielded focus scores between 0 and 1, where “higher scores indicate 

implementation characterized by a larger proportion of elements in the curriculum materials 

being enacted than other elements being enacted” (Heck et al., 2012, p. 15). For example, if a 

teacher checked off every item on the log which supported the authors’ mathematical 
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storyline and checked off none of the items on the log which went against the authors’ 

mathematical storyline, he or she would receive the following mathematical focus score: 

Focus
1 1 0

2
1. 

If a teacher checked off none of the items which supported the authors’ mathematical 

storyline and checked off every item which went against the authors’ mathematical storyline, 

he or she would receive the following mathematical focus score: 

Focus
1 0 1

2
0. 

If a teacher checked off every item on the log which supported the authors’ mathematical 

storyline but also checked off every item on the log which went against the authors’ 

mathematical storyline, he or she would receive the following mathematical focus score: 

Focus
1 1 1

2
0.5. 

 Each teacher received four scores for each log they complete—mathematical 

adherence, pedagogical adherence, mathematical focus, and pedagogical focus—calculated 

using formulas in Microsoft Excel. Then, I found the average for each of the four scores for 

each teacher for as many logs as they completed. That is, I averaged all the mathematical 

adherence scores for one teacher, all the mathematical focus scores for this teacher, and so 

on. In the end, I had four scores for each teacher, regardless of how many logs they 

completed. I could average these scores because all of the logs involved items under the topic 

of mathematical programming. That is, there were not different content strands studied here 

(such as discrete math, algebra, geometry, etc.).  
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 Through this analysis, I gained a clear picture of how closely teachers implemented 

the MDM curriculum to the authors’ intentions. For example, I saw whether teachers tended 

to support the authors’ mathematical intentions more or less than their pedagogical 

intentions; I also saw whether teachers tended to enact some lessons more closely to the 

intended curriculum than others.  

Observations. The first form of qualitative data was from observations. Like the 

teacher logs, observations were used to answer the first research question (How do teachers’ 

implementations of a mathematical decision-making curriculum align with the authors’ 

intentions?). I videotaped and took field notes during each observation. Then, as soon as 

possible after the lesson, I completed the observation protocol for each lesson segment while 

watching the video and referring to my field notes. Since a protocol was used, the initial 

coding of the observation data was relatively straightforward. I determined whether each 

indicator was observed, not observed, or exemplary for each lesson segment (this labeling 

was explained in more detail in the previous section). Due to the work with other researchers 

and from my pilot study, I was confident in the labeling of the indicators. During this time, I 

also noted whether each segment was faithful or not faithful to the MDM content. I provided 

evidence for my choices by citing what I saw during instruction. Thus, I identified teachers’ 

content fidelity as well as their presentation fidelity, whether the latter was studied using the 

observation protocol.  

In addition to studying the number of segments, I also looked at the total time that 

was observed, not observed, exemplary, or not applicable for each indicator. The total 
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number of minutes was based on the segments previously mentioned, but they provided a 

different view of the data, as the length of the segments ranged from 5 to 45 minutes. For 

example, Kimberly (one of the case-study teachers) had eight segments labeled as 

“observed” and five segments labeled as “exemplary” for the Academic Engagement 

indicator. However, the total time of the eight “observed” segments was 125 minutes, while 

the total time for five “exemplary” segments was 170 minutes. Looking at both the number 

of segments and the total number of minutes gave a better picture of the implementation 

fidelity of the MDM curriculum.  

The labels allowed me to identify “the extent to which a teacher implements a 

curriculum as the author intended, allowing for adaptation, supplementation, and 

improvisation by the teacher” (Holstein, et al., 2010, p. 2), which is the definition of 

implementation fidelity. Furthermore, if I labeled the indicators at the lesson-level, rather 

than the segment-level, then there was almost always some evidence of each of the 

indicators, but it was rarely exemplary for an entire lesson. Using the segments and the 

number of minutes allowed me to identify each instance of class time and whether the 

indicators were observed, not observed, exemplary, or not applicable. Then, I stepped back 

and looked at the overall number of segments and minutes for each teacher, thus allowing me 

to gain a big picture view of his or her implementation fidelity.   

Survey. The second form of quantitative data was the survey, which was used, in 

part, to answer the second research question (How do teachers’ conceptions influence their 

implementations of a mathematical decision-making curriculum?). Like the teacher logs, the 



88 
 
 
 

 

survey data was exported from the Qualtrics website into Microsoft Excel. The survey was 

developed with the five conceptions in mind: (a) subject matter knowledge, (b) beliefs about 

math, (c) beliefs about teaching, (d) beliefs about students, and (e) beliefs about curricular 

materials. Thus, each teacher received five scores, one for each conception.  

First, the subject matter scores were calculated based on how many items the teacher 

correctly answered. There were 18 possible points. Each teacher’s total score was divided by 

18 to obtain a score between zero and one.  

Second, the items in the beliefs constructs included items that were scored positively 

and items that were scored negatively. That is, the scores on the positive items remained as 

they were; the scores on the negative items were reversed. For example, if a teacher’s 

response to the item, “Most of my students like doing math,” which was a positively scored 

item, was “4—Agree”, then a four would be included in his or her average score for the 

beliefs about students construct; however, if this teacher’s response to the item “Most of my 

students don’t enjoy math class very much,” which was a negatively scored item, with “1—

Strongly Disagree”, then a five, not a one, would be included in his or her average score. 

After average scores were calculated for each construct, the scores were divided by the 

highest possible score to obtain a score between zero and one. For the beliefs about math, 

beliefs about teaching, and beliefs about students constructs, the highest score was five. For 

the beliefs about curriculum construct, the highest score was six. This conversion allowed me 

to easily compare teachers’ scores on all five constructs. 
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These scores by themselves were interesting, but the purpose of the survey was to see 

connections between teachers’ conceptions and their implementation. Therefore, rather than 

simply analyze the teachers’ survey responses, their five scores were connected to the scores 

on the teacher logs.  

 To determine how these scores were connected, I conducted a Spearman Rank Order 

correlation, , for each relationship (Ott & Longnecker, 2000). Thus, there were 20 

correlation coefficients, as shown in Table 3.6. Through this analysis, I was able to 

quantitatively determine if there was any relationship between teachers’ conceptions and 

their implementation fidelity. 

Interviews. Finally, I analyzed the interview data. First, I transcribed all interview 

data into the Transana software program. Then, I coded the transcripts, using axial coding, 

for the five conceptions I investigated in this study: (a) subject matter knowledge, (b) beliefs 

about math, (c) beliefs about teaching, (d) beliefs about students, and (e) beliefs about 

curricular materials. I coded teachers’ responses to each interview question; if the response 

had evidence of any of the five conceptions, it was coded appropriately. The codes that 

emerged and their definitions are given in Appendix I. In this section, I provide examples of 

coded segments from the case-study teachers’ interviews. Two examples are given for each 

of the five conceptions. 
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Table 3.6 

Correlation Coefficients 

Conceptions  

from survey 

Subject 

Matter 

Knowledge 

Beliefs 

about Math 

Beliefs about 

Teaching 

Beliefs 

about 

Students 

Beliefs 

about 

Curricula 

Scores from logs      

Mathematical 

Adherence 
11 12 13 14 15 

Mathematical 

Focus 
21 22 23 24 25 

Pedagogical 

Adherence 
31 32 33 34 35 

Pedagogical 

Focus 
41 42 43 44 45 

 

Beliefs about curriculum. A common belief about the MDM curriculum that 

emerged was that the materials were challenging or complex for the teacher and/or the 

students. This belief was coded as “Challenging/Complex”. An example of this code 

occurred in one of Sharon’s interviews when she said,  

It is pretty difficult in the book because I just read through the first two chapters, or 

the first two sections in this chapter, and I’m just going, “Oh. I don't know how I'm 
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going to get so-and-so to understand this.” Thinking about individual students that I 

have in class and what they’re struggling with right now, and I’m thinking, “I will 

never be able to make this understandable to them.” So it’s going to be a challenge 

for sure. 

This segment was coded as “Challenging/Complex” because Sharon expressed that she 

thought these materials would be challenging for her students and that making the materials 

understandable for her students would be a challenge for her as well. 

 Another common belief about the curriculum was that the materials were new and 

different from what the teacher and the students were accustomed to. This belief was coded 

“New/Different”. An example of this came from one of Terri’s interviews, when she stated,  

I think they [the students] are starting to realize that the format of this course is going 

to be much different than what we have traditionally done in the past. And that’s one 

of the reasons why we really wanted to stick with starting with this unit… I love 

starting with this unit because it’s so different than what they've done. So we set that 

expectation in the beginning.  

In this example, Terri showed her belief that these materials were new and different from 

what the students were accustomed to. For this reason, she chose to begin her course with the 

Linear Programming—Maximization chapter from the MDM curriculum. 

 Beliefs about math. Although beliefs about math did not emerge during the 

interviews as much as the other conceptions did, there was still evidence of teachers’ beliefs 

about math. For example, some teachers discussed that multiple methods can and should be 
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used when solving mathematical problems, which was coded as “Multiple methods”. For 

example, Kimberly discussed why she liked when students presented the different ways they 

obtained solutions, as seen in the following transcript: 

Kimberly: There’s multiple ways to get to the solution and that what’s easier for 

one person may not be easier for another and vice versa. And that it’s 

OK. 

Interviewer: Why do you think it’s OK for them to have multiple ideas and multiple 

representations? 

Kimberly:  Because that’s the way life works. And so it doesn’t, it doesn’t even 

register to me why that wouldn’t be OK. Like, I can’t comprehend 

that. 

In this segment, Kimberly expressed her belief about the importance of using multiple 

methods and representations when solving math problems. 

 Another belief about math that emerged was how math and math vocabulary is or is 

not present in the “real world”. For example, Jonathon expressed, “I think a lot of that math 

vocabulary… is stuff that you wouldn’t say in a honkytonk, so nobody ever hears it outside 

of math class.” That is, he believed that math vocabulary is rarely heard outside of a math 

classroom. On the other hand, Terri mentioned that math, particularly the math found in the 

MDM curriculum, could be found in the real world. She provided the example of the term 

“production rate”: 
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Like production rate?... You know that it’s the number that we’re making per day or 

per week or per month, and that’s based upon the specifications of how often you’re 

getting your resources…. From a real world perspective, I think that it is important. 

And we’ll talk about how you can make a part of a table when we get the feasible 

region graphed.  

Here, Terri showed how math vocabulary can be useful in the real world. Therefore, the code 

“Math is/is not present in the ‘real world’” included the types of beliefs expressed by 

Jonathon as well as those expressed by Terri.  

 Beliefs about students. Teachers often mentioned their beliefs about students, such as 

students’ issues and struggles. Note that teachers discussed both preparing for and reflecting 

on these issues and struggles. For example, Terri mentioned her concerns about presenting 

the Corner Point Principle to her students: 

I want to bring up the Corner Point Principle, but I’m not real sure how to phrase that 

so that I don’t lose them. You know that I know in theory what happens, but I’m a 

little worried about losing them and it kind of being over their head what I’m talking 

about… Like, you know, you get a set of parallel objective functions and so it’s the 

same slope but different y-intercepts. And eventually it’s going to cross at one of 

those corner points. I kind of wanted a student to lead through that, but I think I’m 

probably going to end up just demonstrating to them because for one, I think some of 

them will forget the idea of parallel lines. [laugh] You know? And that they have the 
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same slope but different y-intercepts. So, I think it will be good, but I’ve been trying 

really hard to think deeper into it. And that's been a little challenging. 

In this segment, Terri showed some of her beliefs about the struggles and issues students may 

experience with her lesson. 

 Next, teachers sometimes mentioned students’ backgrounds and, in particular, that 

students had never had to think before taking this math course. Therefore, two codes 

emerged: “Students’ backgrounds”, which is a general code for when a teacher mentioned 

students’ backgrounds from any earlier time (e.g., past courses or past chapters), and 

“Students have never had to think before”, which is a more specific code for when a teacher 

mentioned that this was the first course where students were expected to think. Kimberly 

provided an example of her beliefs about students’ backgrounds when she said, “They do 

remember how to write inequalities. They do remember how to solve inequalities. They 

remember that kind of stuff.” Furthermore, Gina expressed her belief that students have 

never had to think before when she said, “I think this is hard for them because… they’re 

having trouble answering these questions because all of a sudden, they have to think. And I 

don’t think that they’ve had to do that a lot.” These quotes provided examples of teachers 

discussing (a) students’ backgrounds and (b) that students did not have to think before taking 

this course. 

 Beliefs about teaching. The case-study teachers often expressed their beliefs about 

teaching. One code that emerged during the interviews was “Experience” which referred to a 
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teacher believing it was important for students to experience the lesson themselves, to 

construct or discover the content on their own. For example, Sharon stated, 

The kids have to have hands-on. They simply cannot learn by lecture. And so it’s 

important to me that we have the discussion and I’ve given them an opportunity to 

see my thinking on how you would approach the problem, but then I need for them to 

be able to say, ‘OK. I can take these concepts. I can take this new problem. And I can 

apply these concepts to that and make some decisions as a result.’ 

This quote shows Sharon’s belief that students need to experience the lesson. 

 Another belief about teaching code that emerged was “Group work”, which included 

the teacher talking about how important it is for students to have the opportunity to work 

through activities with other students. This code also included the benefits of group work 

(i.e., why the teacher chose to put students in groups). For example, when asked why she 

used group work in her class, Kimberly replied, “Oh, that's just a teaching philosophy. I 

personally believe group work, cooperative learning is one of the better ways to solve 

problems.” Therefore, codes like this one showed teachers’ beliefs about teaching. 

 Subject matter knowledge. Teachers sometimes mentioned their subject matter 

knowledge, or lack thereof, during the interviews. One code was “Confident in their 

knowledge”, which emerged when a teacher mentioned that he or she felt (or did not feel) 

comfortable with the materials and his or her ability to guide student learning. For example, 

Kimberly stated,  
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I feel prepared to help them with the linear programming. It’s a concept that I 

understand. So I’m not worried about, you know, not being able to answer their 

questions. If I come across something I don’t understand, I have multiple people that I 

can talk to. And I feel very comfortable telling students that, ‘Oh hold on. I don’t 

know that. Let me go check on that.’ I feel very prepared to answer their questions 

with another question and get them to go. 

Therefore, this segment shows that Kimberly felt confident in her knowledge and her ability 

to guide student learning. 

 Another code was “Lack of subject matter knowledge”, which occurred when a 

teacher showed or expressed a lack of mathematical knowledge. This code can be seen in the 

following quote from Gina: 

And quite honestly, I'm not sure if I didn’t have something guiding me through it that 

I would be able to give a real detailed explanation of what everything in it [the 

Sensitivity Report] meant because it’s hard. Sensitivity Report is not easy math. 

In this quote, Gina expressed her lack of subject matter knowledge with respect to the 

Sensitivity Analysis chapter. Thus, this segment and others like it were coded as “Lack of 

subject matter knowledge”. 

Connection to instructional decisions. After coding for the five conceptions, I looked 

at the most common codes that emerged for each teacher. I chose to examine the codes with 

the highest number of instances because these most likely represented strong conceptions the 

teachers were holding. Based on the most common conceptions, I studied teachers’ 



97 
 
 
 

 

observation data to find relationships. For example, if a teacher repeatedly mentioned that 

group work was an effective way to teach (i.e., a belief about teaching), then I looked for 

evidence of group work in this teacher’s observations and how that influenced his or her 

implementation fidelity.  

 Therefore, I analyzed the interview transcripts by coding the teachers’ responses into 

the five conceptions. Then, I studied the most common conceptions that emerged and related 

these conceptions to teachers’ instructional decisions. This method allowed me to gather rich 

data about how teachers’ conceptions influenced their curricular choices. 

Research Validity and Reliability 

Validity and reliability was important for both the qualitative and the quantitative 

portions of this study. Creswell (2007) described validation in qualitative research as “an 

attempt to assess the accuracy of the findings, as best described by the researcher and the 

participants” (pp. 206-207). He recommended several strategies for increasing validity of a 

qualitative study, such as member checking, trust-building, and triangulation. I incorporated 

member checking by sending the six case-study teachers documents containing their 

interview transcripts and observation field notes. I asked the teachers if they had any issues 

with the content or accuracy of these data. No teacher responded with issues or concerns 

about their data. Moreover, I built trust with these teachers. All MDM teachers attended 

summer workshops that were focused on the content of the MDM curriculum and were led 

by the MDM research team. During these workshops, I taught and worked with these 

teachers. In addition, I visited the classroom of some of these teachers before. Through these 
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experiences, a level of trust was created between the teachers and me. Finally, I triangulated 

the data by making use of different methods: pre-observation interviews, observations, post-

observation interviews, logs, and surveys. By incorporating each of these methods into the 

study, the data held more weight.  

 Furthermore, Creswell (2007) mentioned that the use of video and audio recordings 

when transcribing and taking field notes can enhance the reliability of a study (p. 209). The 

interviews were audio or videotaped, and these recordings were then transcribed. The 

observations were videotaped, and these videos were used when constructing the extended 

field notes and the observation protocol.  

In addition, working with other researchers increased the reliability of the study. As 

mentioned earlier, other researchers utilized the observation protocols, and we discussed and 

revised the protocol based on our findings. Furthermore, another researcher was given 12 

segments of interviews to code based on the developed coding scheme. We compared our 

two sets of codes for each clip, and the results are shown in Table 3.7. We determined the 

number of codes we agreed on and the number of codes we disagreed on (based on my 

codes). Then, we either came to an understanding about the codes or I revised definitions of 

the codes to make their meanings clearer. 

In addition, I piloted portions of this study in the fall of 2010. I used the observation 

protocol and the semi-structured interview protocols. Through this pilot study, I was able to 

determine the effectiveness of the instruments. The semi-structured interview protocols 

allowed me to gather valuable data regarding teachers’ conceptions. The observation protocol 
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has been utilized many times (by me as well as by other researchers), and it has consistently 

provided rich, deep data. 

Next, validity in quantitative research refers to how successfully a study measures 

what the researcher means to measure (Howell et al., 2005). This includes external validity 

(how generalizable the results are) and internal validity (how the study was conducted). Both 

the survey and logs were considered valid. First, the survey was adapted from the work of 

other researchers (Fennema & Sherman, 1976; Perry et al., 1999; Spielman & Lloyd, 2004; 

Suinn, 1988). These researchers already determined the construct validity of the instruments. 

Specifically, Perry et al. (1999) measured the following constructs in their survey: (a) beliefs 

about mathematics, (b) beliefs about mathematics learning, and (c) beliefs about mathematics 

teaching. In the Metromath survey, they examined: (a) attitudes toward mathematics (i.e., 

beliefs about students), (b) personal beliefs about mathematics and its usefulness (i.e., beliefs 

about math), and (c) propensity to positive and negative feelings about mathematics (i.e., 

beliefs about math). Finally, Spielman and Lloyd (2004) studied beliefs about textbooks and 

beliefs about teaching. Because these researchers already validated these constructs, I can 

safely assume that the items measured what I intended to measure. 
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Table 3.7 

Inter-Rater Reliability Results 

 
Number of  

Agreed Codes 

Number of 

Disagreed Codes  
Result 

Clip 1 3 0 -- 

Clip 2 1 2 

Revised definitions for two codes; 

came to an understanding on the other 

codes 

Clip 3 4 1 Came to an understanding 

Clip 4 3 1 
Revised definition for one code; came 

to an understanding on the other codes 

Clip 5 3 1 Came to an understanding 

Clip 6 2 1 Revised definition for one code 

Clip 7 1 1 Came to an understanding 

Clip 8 5 0 -- 

Clip 9 3 1 Revised definition for one code 

Clip 10 2 1 Came to an understanding 

Clip 11 4 3 Came to an understanding 

Clip 12 2 0 -- 
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 On the other hand, I was not aware of any surveys that measured teachers’ subject 

matter knowledge of mathematical programming. Therefore, I had to create these items 

myself. The basic form of the items was based on the work McDiarmid and Wilson (1991), 

but I significantly revised the content of the items. Due to time and resources, I could not go 

through a validation process with these items. Instead, I assessed the validity of the subject 

matter knowledge items by asking the authors of the MDM materials to review and comment 

on the items. By corresponding with those with expertise in this area, I believe that these 

survey items appropriately measured teachers’ subject matter knowledge. 

 Second, the teacher logs are a completely innovative idea. Again, due to time and 

resources, I could not reasonably go through a validation process with them. However, I 

worked closely with one of the designers of the teacher logs, who helped me to create the 

logs based on the original intention (i.e., determining how teachers aligned with the authors’ 

mathematical and pedagogical storylines). Furthermore, I created the logs based completely 

on the content of the curriculum. Thus, the content validity of the logs is strong. Moreover, I 

visited classrooms as teachers implemented MDM lessons. These visits allowed me to revise 

the teacher logs to give a more detailed and accurate list of possible instructional choices. 

This process increased the validity of the instrument. 

 In addition to validity, quantitative data must also be reliable. Reliability refers to 

whether a study will produce the same result when repeated. Again, because the survey items 

were developed by other researchers, I can confidently assume that these instruments are 

reliable.  
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On the other hand, the teacher logs had not been used before. To determine the 

reliability of the teacher logs, a colleague or I observed 13 teachers as they implemented an 

MDM lesson, and then both the teacher and the observer completed the log for that lesson 

(note that I performed 11 of these observations and another researcher performed the other 

two). Because the number of teachers was too small to perform statistic tests, I instead 

calculated four consistency scores, as shown in Table 3.8. I calculated each score using ratios 

between the teacher-reported scores and the researcher-reported scores. Because the logs 

were meant to provide the same information as an observation would, I considered the 

researcher to be the “expert”. Then, I compared the teachers’ responses to the researcher’s 

responses. Each consistency score was calculated using the following ratio: 

Consistency Score
|Teacher-reported score	 	Researcher-reported score|

Researcher-reported score
 

Thus, a score of zero would mean that the teacher and the researcher had the same exact 

score.  

For example, if a teacher’s responses showed a pedagogical adherence score of 0.8 

and the researcher’s responses for the same lesson showed a pedagogical adherence score of 

0.6, the ratio of these two scores was: 

Consistency Score
|0.6	 	0.8|

0.8
0.25 

After calculating ratios for all four scores for all 13 teachers, I averaged the ratios. These 

averages, as well as an average of these averages, are shown in Table 3.8. 
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It should be noted that sometimes a very small number of items were chosen on the 

logs. In fact, I sometimes had zero items contributing to a score. In these cases, the ratio was 

calculated as one. These instances caused the consistency scores to be slightly higher, 

particularly the pedagogical adherence scores. 

 

Table 3.8 

Consistency Scores from Teacher Logs 

Mathematical Adherence 0.090293 

Pedagogical Adherence  0.391026 

Mathematical Focus 0.049199 

Pedagogical Focus 0.156627 

Average: 0.171786 

   

Authors’ Intentions. Throughout this paper, I discuss the authors’ intentions. These 

intentions were clear to me because I am a secondary author of the materials, and I work 

closely with the primary authors. Moreover, the authors’ mathematical intentions were based 

on the written materials. When discussing mathematical intentions or content fidelity, I refer 

specifically to the written materials and the content therein.  

Furthermore, the authors’ pedagogical intentions became clear based on (a) 

discussions with them and (b) the design of the summer workshops. First, as mentioned 

earlier, all primary and secondary authors discussed the Productive Pedagogies framework 
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and adapted the indicators to study teachers’ implementation of the MDM curriculum. The 

authors discussed which indicators aligned with what they expected to see in the classroom. 

Then, indicators were removed that were not relevant to the MDM curriculum and some 

were added that were relevant (see Appendix C for the full observation protocol). Second, the 

design of the summer workshop also shows the authors’ pedagogical intentions, where the 

main purpose of the workshop is to prepare teachers to implement the MDM materials in 

their classrooms. These workshops, which were designed by the primary authors, encouraged 

group work, teacher participation, and a focus on real-world content. Based on this design, it 

is clear that the authors expect to see these types of focus in the teachers’ classrooms as well.  

Therefore, the authors’ intentions were clear based on (a) my experiences as a 

secondary author, (b) the content contained in the written materials, (c) discussions related to 

and adaptations of the Productive Pedagogies framework, and (d) the design of the summer 

workshops. 

Fraud detection. Although I did my best to increase the validity and reliability of the 

study, I could not avoid people providing incorrect or miscommunicated data. There was one 

teacher in particular who did not complete the surveys and teacher logs in an honest manner; 

thus, she was not included in this study. I became suspicious of this teacher when I noticed 

that she completed all 16 logs and the survey in three weeks. Furthermore, the teacher logs 

were completed out of order. For example, she claimed to have taught Sections 2.1 and 3.2 

before completing Section 2.0. Having intimate knowledge of the materials, I knew that the 

speed and the order in which she claimed to have taught the materials were impossible. 
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Moreover, Qualtrics provides the time it takes to complete the surveys and teacher logs; this 

teacher completed many logs in less than one minute, and she completed the survey in three 

minutes. Based on this information, I concluded that this teacher was not honestly 

completing the forms. Therefore, her data are not included in the results presented in Chapter 

Five. 

Subjectivity Statement 

A possible limitation to this study is my personal connection to the research. I am a 

female doctoral student in mathematics education. I received my undergraduate degree in 

mathematics education, taught high school for two years, and then received my master’s 

degree in mathematics. I initially decided to leave the classroom because I was disappointed 

in the education system. I felt like I was bound to the curriculum. Once I completed my 

master’s program, I decided to get my Ph.D. in mathematics education so that I could help to 

change mathematics curricula in this country.  

 Quickly, I became engrossed in the world of enacted curricula research. I learned 

about the idea of implementation fidelity and became very passionate about it. I found that 

there are many wonderful curricula out there (in my opinion), but teachers sometimes choose 

to implement them in ways different from what the author originally intended. I began to ask 

myself, “What kinds of changes are occurring? Why are these changes occurring?”  

 During this time, I began working on the MINDSET project, developing the MDM 

curriculum. Although I am not a primary author, I wrote materials for the curriculum that 

teachers are now teaching. My passion grew as I watched teachers make various curricular 
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choices as they implemented these materials. The research team began to make decisions 

about which instructional practices were considered faithful to the intentions of the 

curriculum authors and which were not.  

 Furthermore, I spent extensive time with some of the piloting teachers. Each of these 

teachers took part in at least one intense two-week summer workshop, which I co-facilitated. 

During these workshops, I worked with these teachers on a professional—and sometimes 

personal—level. In addition to these workshops, I observed teachers, helped them learn new 

content, and even took classes with some of them. Some teachers may think of me as their 

friend and peer and others consider me to be a researcher only. In either case, I am more than 

a stranger to these teachers.  

Clearly, my background and my close connection to this research and the teachers 

could present a bias. However, I feel that my research design minimizes some of this bias. In 

particular, the use of member checking, trust building, video-recordings, and triangulation 

will help increase the validity and reliability of this study, as mentioned above. 

Ethical Issues 

 Although ethical issues are impossible to avoid in research, I did my best to ensure 

teachers’ anonymity and to compensate them for their time. I had Institutional Review Board 

[IRB] approval at North Carolina State University (IRB #1692) as well as in Wake County 

(IRB #797). 

Teachers agreed to participate in the quantitative portion of the study when they 

completed the survey and teacher logs online. They were asked to provide their names for 
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each survey and log they completed so that I could find correlations between the two 

instruments. However, once the data were collected, the subjects were only identified by a 

random number. These randomly assigned numbers were used in place of names on collected 

study materials and in coding interview materials. There was one master list identifying each 

subject with their assigned number which was kept in a locked file cabinet at the Friday 

Institute. Therefore, their anonymity was secure.  

These teachers spent between approximately 5 and 200 minutes outside of class to 

complete the quantitative instruments, depending on the number of instruments they chose to 

complete. Therefore, I supplemented these teachers for their time. I gave teachers $50 if they 

completed the survey and at least four logs; if they completed more than four logs, they 

received an additional $5 per log. Because I correlated the data from the survey with the logs, 

I needed teachers to complete both instruments. Thus, I only compensated teachers if they 

completed the survey and at least four teacher logs. Note that only four teachers were 

compensated for their participation. 

Next, the MDM teachers who took part in the observations and interviews signed an 

informed consent form (see Appendix J). The observations were planned beforehand, and the 

researcher videotaped the lessons. This did not require anything of the teachers other than 

their consent. The interviews were also planned beforehand and were audio or videotaped. A 

pseudonym was used for each teacher; thus, their anonymity was protected. In addition, the 

digital data (video recordings and files created during data organization and analysis) were 

stored on a secure server at the Friday Institute. All other data, including written data, notes, 
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and student work, were stored in a locked file cabinet at the Friday Institute. The files will be 

destroyed five years after the completion of the study, with the exception of any data used in 

publications. 

These six teachers spent between 100 and 150 minutes outside of class for the 

interviews. Due to this large time commitment, I offered each teacher $50 to participate in 

the study. In addition to this time commitment, participation may have caused some stress for 

teachers, as they were observed and videotaped. All attempts were made to ensure that 

participants understood that the research here contributed to the educational research body of 

knowledge and did not affect them in any way. In addition, I explained to the teachers that I 

was not judging them or their instructional practices. Instead, I was only interested in what 

they are doing and why they are doing it. 

The MDM teachers benefited from teaching the curriculum because the materials 

bring in real-life examples to motivate student learning. They also benefited from the small 

stipend provided to them. In addition, the findings from this research add to the knowledge 

base in mathematics education, especially with regard to how teachers implement a new 

curriculum. This advantage benefited all teachers involved in the study. 

Chapter Summary 

In sum, I used a mixed methods study to answer the two research questions. The first 

research question (How do teachers’ implementations of a mathematical decision-making 

curriculum align with the authors’ intentions?) was studied through teacher logs and 

observations. All MDM teachers were asked to complete teacher logs for the mathematical 
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programming problems they taught, and 13 teachers completed at least one log. These logs 

provided a detailed view of instruction. The quantitative data from the logs was analyzed 

using ratios, where a ratio closer to one represented a more faithful implementation. In 

addition, I observed six MDM teachers as they taught one to two lesson arcs from the 

mathematical programming chapters. Their lessons were naturally divided into segments, and 

each segment was labeled for content fidelity and for presentation fidelity, using the 

observation protocol for the latter. Through this method, I gained a clear picture of how 

teachers implemented the MDM materials.  

The second research question (How do teachers’ conceptions influence their 

implementations of a mathematical decision-making curriculum?) was answered by 

connecting survey and interview data to the teacher log and observation data, respectively. I 

asked all MDM teachers to complete a survey made up of items that examined teachers’ 

subject matter knowledge as well as their beliefs about math, students, teaching, and 

curriculum. The survey was completed by 18 teachers, but only 12 of them also completed at 

least one teacher log. The survey data was analyzed using descriptive statistics. Then, I 

correlated the survey data with the log data to determine the connections between teachers’ 

conceptions and their implementations. Finally, I interviewed the six MDM teachers who 

were observed. The interviews allowed me to prompt the teachers to elaborate on their 

conceptions. The interview data was coded for the five conceptions (subject matter 

knowledge and beliefs about math, teaching, students, and curriculum) using axial coding. 
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Then, the most common conceptions that emerged were connected to teachers’ observation 

data.  

Although my past experiences and my relationships with the teachers may have 

presented a bias, I believe that this research design minimized any bias. In general, by using 

both quantitative and qualitative data, I gathered rich, deep information about teachers’ 

implementation of the MDM curriculum and about how their conceptions influenced their 

curricular choices.  
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Chapter Four: Case Studies 

 I observed and interviewed six teachers during their implementations of MDM 

chapters. The purpose of the observations was to determine teachers’ levels of 

implementation fidelity; that is, the first research question (How do teachers’ 

implementations of a mathematical decision-making curriculum align with the authors’ 

intentions?) was answered through observations. The purpose of the interviews was to 

examine their conceptions related to their implementation fidelity; that is, the second 

research question (How do teachers’ conceptions influence their implementations of a 

mathematical decision-making curriculum?) was answered by relating teachers’ interview 

data with their observation data. 

In this chapter, I present four of the six cases: Terri, Kimberly, Gina, and Sharon. I 

chose to discuss these four cases because they best represented the range of implementation 

fidelity and conceptions that were observed. Furthermore, Terri and Kimberly provided a 

nice comparison—as did Gina and Sharon—because they implemented the same chapter 

during the observed lessons: Terri and Kimberly were observed during their implementation 

of the Linear Programming—Maximization chapter, and Gina and Sharon were observed 

during their implementation of the Sensitivity Analysis chapter. 

 For each case, I first detail the data collection process and describe the teacher’s 

classroom and content taught during the observed lessons. Each teacher implemented the 

MDM curriculum in an Advanced Functions and Modeling [AFM] course. This course is a 

fourth-year math course that includes topics such as trigonometry, probability, and advanced 
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algebra. However, this course sometimes looks different in different schools. Generally, this 

is a senior-level math course, but some schools taught it as a junior-level course. Since all 

teachers implemented the materials in the same course, I do not discuss this when describing 

each teacher’s classroom. 

Second, I explore the teacher’s implementation fidelity, first her content fidelity and 

then her presentation fidelity, as I answer the first research question. When presenting the 

content fidelity, I provide details about the content of each observed lesson to show whether 

it was faithful or not faithful to the authors’ intended content. When presenting the 

presentation fidelity, I discuss each indicator on the Productive Pedagogies framework, with 

the exception of the Explicit Quality Performance Criteria. This indicator, which refers to 

whether criteria for judging the range of student performance was made explicit, was 

removed from the list of indicators as this indicator was not a significant part of the authors’ 

intentions (based on discussions with the primary and secondary authors) and no teacher 

consistently included it in his or her lessons. During the discussion of each teacher’s 

presentation fidelity, I present both the number of segments and the total number of minutes 

that were observed, not observed, exemplary, or not applicable for each indicator. Then, I 

provide evidence for the labeling of each indicator. 

 Third, I present the conceptions that emerged during the interviews (see Chapter 

Three for a description of the interviews and Appendices F, G, and H for the interview 

protocols), and when applicable, I include teacher’s responses on the beliefs and knowledge 

survey (see Chapter Three for a discussion of the survey, Appendix D for the survey itself, 
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and Appendix E for the survey organized by construct). I detail the five conceptions I 

considered in this study: beliefs about curriculum, beliefs about math, beliefs about students, 

beliefs about teaching, and subject matter knowledge. However, not all of these conceptions 

regularly emerged during the interviews; thus, not all conceptions are discussed for each 

teacher. Within the discussions of each conception, I explain how the conception related to 

the teacher’s implementation fidelity. As mentioned in Chapter One, I refer to “positive” and 

“negative” beliefs throughout this chapter. Again, these terms were not a judgment of the 

teacher or his/her beliefs but were, instead, a way to provide directionality to the beliefs. 

Beliefs that were labeled “positive” included beliefs that (a) were child-centered (Perry, 

Howard, & Tracey, 1999), (b) were nontraditional, and/or (c) aligned with the MDM authors’ 

intentions. For example, a “positive” belief about students could be “Most of my students 

like doing math” (Fennema & Sherman, 1976; Suinn, 1988). Beliefs that were labeled 

“negative” included beliefs that (a) were transmission-oriented (Perry et al., 1999), (b) were 

traditional, and/or (c) did not align with the MDM authors’ intentions. For example, a 

“negative” belief about students could be “Most of my students don’t feel they want to be 

good math students” (Fennema & Sherman, 1976; Suinn, 1988). 

 Fourth, I conclude the chapter by presenting a summary and comparison of the case-

study teachers, for all four teachers as well as for the pairs of teachers who implemented the 

same chapters. I first compare the levels of implementation fidelity of the four teachers (the 

first research question). Then, I look at the five conceptions and how the conceptions 

influenced the teachers’ levels of implementation fidelity (the second research question).  
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Terri 

Terri was observed during her implementation of the Linear Programming—

Maximization chapter. She was in her eighth year of teaching, and this was her third time 

teaching the observed content. She taught on a block schedule with four 87-minute classes 

each day. Terri taught the two linear programming chapters from the MDM curriculum in her 

AFM course. She was observed during the first of the two chapters: Linear Programming—

Maximization. The content of this chapter includes (a) introducing linear programming, (b) 

solving linear programming problems using graphs, (c) solving linear programming problems 

using Microsoft Excel, and (d) interpreting and analyzing problem contexts and solutions.  

During her observations, Terri implemented Section 2.0 (“The Lego Problem”), part 

of Section 2.1 (Computer Flips, a Junior Achievement Company), and part of Section 2.2 

(SK8MAN, Inc.). See Appendix A for the complete text for these sections of the curriculum. 

These sections have specific objectives in the MDM textbook. First, the purpose of “The 

Lego Problem” in the MDM textbook is to introduce linear programming concepts without 

actually solving the problem. That is, students are asked to use Lego pieces to model and 

solve a linear programming problem; they do not use any traditional mathematical 

techniques, such as graphing or technology. Second, the objective of Section 2.1 (Computer 

Flips, a Junior Achievement Company) in the MDM textbook is for students to use graphing 

and algebraic techniques to solve a linear programming problem. The Computer Flips 

problem context begins with two variables and two constraints and gradually adds more 

variables and constraints until the need for technology becomes clear. Third, Section 2.2 
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(SK8MAN, Inc.) in the MDM textbook continues to explore linear programming through 

graphical techniques and then introduces students to Microsoft Excel, where they solve larger 

linear programming problems.  

Although Terri met many of these objectives during her observed lessons, she often 

altered or supplemented the MDM materials. These alterations and supplementations are 

discussed in more detail later. 

Data collection. Terri was observed five times during her implementation of the 

Linear Programming—Maximization chapter. She participated in four pre-observation 

interviews, one post-observation semi-structured interview after the first observation, and one 

post-observation stimulated recall interview after the final observation, as shown in Table 

4.1. During her stimulated recall interview, she watched a total of 10 clips, ranging from 25 

seconds to three and a half minutes. 

Terri’s classroom. Upon entering Terri’s classroom each day, I saw that Terri wrote 

an objective, a homework assignment, and announcements for upcoming tests or quizzes on a 

side board. On the front board, Terri projected a warm-up assignment labeled “Arrival 

Instructions” that the students were expected to complete after entering the classroom and 

taking their seats. These instructions included directions for students to follow, such as, 

“Please have the following out on your desk – Last night's homework, Calculator, Unit 

packet and cover sheet.” They also included an assignment for students to work on. This 

assignment was related to linear programming and was meant to introduce the day’s content. 

For example, the arrival instructions for one day were: “Take out last night's HW, your 
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calculator and your outline. Write the constraints and objective functions for the problems on 

packet p. 3. Be Prepared to Share!” 

 

Table 4.1 

Data Collection Details for Terri 

Date and Length Of Pre-

Observation Interview 

Date Of 

Observation 

Date, Type, and Length Of Post-

Observation Interview 

8/25/2011 (11 min.) 8/26/2011 8/26/2011 Semi-structured (28 min.) 

8/28/2011 (13 min.) 8/29/2011  

8/29/2011 (12 min.) 8/30/2011  

 8/31/2011  

8/31/2011 (24 min.) 9/1/2011 9/1/2011 Stimulated Recall (51 min.) 

 

Terri’s classroom was decorated with some posters, both mathematical and 

motivational in nature. However, Terri shared this classroom with another teacher so only a 

few of the decorations belonged to her.  

There were 28 students in her AFM class. They were seated in pairs, and sometimes 

the teacher asked two pairs to work together in a “pod” of four. Terri created the seating chart 

by placing the students in alphabetical order. Terri had a computer hooked up to a projector, 

which she used regularly to project her PowerPoint presentations. She also had a document 

camera hooked up to the projector, and she went back and forth between these two 
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technologies throughout the observed lessons. There was an overhead transparency projector 

in the front corner of the room, but I never saw Terri use this. 

Terri’s first observation occurred on the second day of school. Therefore, the teacher 

and students were still adjusting to one another. This was evident when students completed 

the Arrival Instructions. The students did not work together at all during the first observed 

lesson; then, as the observations continued, students began to work together more often and 

easily as they got to know one another and understood the teacher’s expectations. 

Terri began each observed lesson by walking around and checking homework while 

the students completed the Arrival Instructions individually, in pairs, or in small groups. In 

addition to checking homework, Terri asked and answered questions to individual students 

regarding the homework or the Arrival Instructions. The homework assignment was given to 

students in a packet that contained all the information they needed for this unit, including a 

schedule, classwork assignments, homework assignments, and places to take notes. 

After checking the homework, Terri brought the class back together. She often asked 

students to come up to the document camera and present their answers to the homework or 

the Arrival Instructions to the class. Typically, Terri (and occasionally other students) asked 

the presenters elaboration questions while the rest of the class remained quiet. 

Although the lessons started with the same basic routine, the second half of the class 

periods varied widely. Terri’s instruction included lecture, whole-class discussion, and group 

work. On two occasions, she brought the class to the computer lab to solve linear 

programming problems using Microsoft Excel. Terri’s questioning techniques could be seen 
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during whole-class discussion and group work, where she asked many scaffolding questions 

that typically had one correct answer. 

As far as content goes, Terri tended to bring in a lot of outside materials to 

supplement the MDM materials. Most of these outside problems were not as realistic as the 

problems in the MDM curriculum. She sometimes incorporated problems and questions from 

the MDM materials, but she tended to focus on procedures rather than the context-based 

concepts. For example, she rarely asked in-text questions from the MDM curriculum that 

focused on exploration, analysis, or interpretation. Instead, she focused on the steps involved 

with the linear programming process. 

Note that Terri worked very closely with another MDM teacher; they planned all 

lessons together, including the development of the packet previously mentioned, and they 

often debriefed following lessons. Therefore, she often refers to “we” in her interview 

responses. 

Implementation fidelity. Terri’s content fidelity and presentation fidelity are 

discussed in this section. Recall that content fidelity refers to how much of the MDM 

curriculum was implemented while presentation fidelity refers to how the MDM curriculum 

was implemented (McNaught et al., 2010). In this study, I identified a segment’s content 

fidelity as “faithful” when the teacher used the MDM curriculum with little alteration or 

supplementation during the segment; a segment was labeled “not faithful” if the teacher used 

outside resources or substantially altered the MDM curriculum. Furthermore, a segment’s 

presentation fidelity was determined using the Productive Pedagogy framework, where each 
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indicator was labeled as observed, not observed, exemplary, or not applicable for each 

segment. 

In general, Terri’s content fidelity was low, but her presentation fidelity was a bit 

higher. Terri’s content fidelity is detailed in Table 4.2, which includes the number of 

segments that were labeled as faithful (high content fidelity) or not faithful (low content 

fidelity), and Table 4.3, which includes the total number of minutes labeled as faithful and 

not faithful. Table 4.4 shows the Productive Pedagogy indicators and the number of segments 

that were labeled as exemplary, observed, not observed, or not applicable for each indicator.  

 

Table 4.2 

Terri’s Content Fidelity Results by Number of Segments 

 Number of Segments Not Faithful Number of Segments Faithful 

Content Fidelity 13 11 

 

Table 4.3 

Terri’s Content Fidelity Results by Time (in Minutes) 

 Total Minutes Not Faithful Total Minutes Faithful 

Content Fidelity 230 175 

 
 

Table 4.5 shows the Productive Pedagogy indicators and the total number of minutes 

that were labeled as exemplary, observed, not observed, or not applicable for each indicator. 
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See Chapter Three for a description of the Productive Pedagogies framework and Appendix 

C for a description of the indicators. 

Content fidelity. Terri’s content fidelity was generally low (13 out of 24 segments 

and 230 minutes out of 405 minutes were not faithful) because she consistently brought in 

problems from outside materials to supplement or replace the problems from the MDM 

curriculum. Each day, Terri utilized one of the three MDM problems (“The Lego Problem”, 

Computer Flips, and SK8MAN, Inc.) as well as non-MDM problems. For example, one night 

for homework, Terri’s students were asked to read the introduction to the Computer Flips 

problem and to answer some questions about the linear programming formulation. While 

Terri checked their homework the following day, the students completed Arrival Instructions 

that introduced non-MDM linear programming problems. Then, Terri went over the answers 

to both the Arrival Instructions problems and the homework questions. Thus, she regularly 

used a blend of materials from outside resources and from the MDM curriculum. 

The outside problems that Terri utilized were basic two-variable problems that 

focused on the algebraic method for solving linear programming problems. An example of 

one of these problems is given in Figure 4.1. In the MDM materials, the authors quickly 

move past two-variable linear programming problems and instead focus on larger, more 

realistic problems that are solved using Microsoft Excel. Terri chose to give students many 

two-variable problems; even when they went to the computer lab, the students solved a two-

variable problem using Microsoft Excel. Only on the last observed lesson did the students 

solve a larger problem (the six-variable SK8MAN, Inc. problem). Furthermore, when Terri 
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Table 4.4 

Terri’s Presentation Fidelity Results by Number of Segments 

Productive Pedagogy 

Indicators 

Number of 

Segments 

Exemplary 

Number of 

Segments 

Observed 

Number of 

Segments Not 

Observed 

Number of 

Segments 

Not 

Applicable 

Higher order thinking 0 15 9 0 

Understanding 0 20 4 0 

Substantive conversation 4 15 5 0 

Knowledge as problematic 0 5 19 0 

Metalanguage 0 19 5 0 

Social support 0 21 3 0 

Academic engagement 2 20 2 0 

Technology 0 2 1 21 

Inclusivity 0 16 8 0 

Knowledge integration 0 12 12 0 

Background knowledge 0 23 1 0 

Connectedness to the world 0 10 14 0 

Problem-based curriculum 0 18 6 0 
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Table 4.5 

Terri’s Presentation Fidelity Results by Time (in Minutes) 

Productive Pedagogy 

Indicators 

Total 

Minutes 

Exemplary 

Total 

Minutes 

Observed 

Total Minutes 

Not Observed 

Total 

Minutes 

Not 

Applicable 

Higher order thinking 0 260 145 0 

Understanding 0 345 60 0 

Substantive conversation 105 255 45 0 

Knowledge as problematic 0 75 330 0 

Metalanguage 0 355 50 0 

Social support 0 375 30 0 

Academic engagement 70 325 10 0 

Technology 0 75 10 320 

Inclusivity 0 320 85 0 

Knowledge integration 0 225 180 0 

Background knowledge 0 400 5 0 

Connectedness to the world 0 170 235 0 

Problem-based curriculum 0 295 110 0 
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Problem Statement: 
Jerry needs to order parts for his auto shop.  He uses at least 20 brake pads a month and 
at least 50 oil filters. He has room on his shelves for at most 150 items total.  It cost Jerry 
$0.75 for a brake pad and $1.50 for an oil filter.  He has budgeted $180 for purchasing 
these items.  His net profit is $5.50 for brake pads and $8.25 for filters.  How many of 
each should he order to maximize his profit?   

Formulate the Linear Programming Problem 
Define the Decision Variables: Remember to reference the “how many” portion of the 
problem statement. 
Let x1: _________________________                 x2 : _________________________ 
Write the Objective Function (Profit Statement): 
             P(x1 ,  x2 ):  ________________________________________________ 
Write the Constraints:    Use the following table to organize your constraints.  There 
are four constraints. 

Brake Pads  Oil Filters 
Inequality 

symbol 
 

 +   ______ Total Items 
 +   ______ Budget 
 +   20 Brake Pads 
 +   50 Oil Filters 

*****Show your constraints to your teacher so she can verify them before you go to the 
next step.***** 
Graph the constraints on a piece of graph paper.  The EXPECTATION is to have 
PROFESSIONAL looking graphs!!     Remember, you could be picked to be the 
presenter of this problem. 
REQUIREMENTS:  USE a pencil!!   Label your axes and the axes intercepts  
SUGGESTIONS:   Do one constraint at a time.  Pick a different color for each constraint 
and shade with that  colored pencil right after you graph the boundary line. 
Determine the optimal solution:  Evaluate the objective function at each of the corner 
points of the feasible region.  Record your work in the following table: 

Corner Points (x1, x2) Substitute into Objective Function Value 

   

   

   
Conclusion:  Jerry should order ____________________ and ____________________ 
to earn a maximum profit of ____________________.

Figure 4.1. Example of a linear programming problem from an outside resource. 
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taught using the MDM materials, she did not ask the same types of questions as those given 

in the text. Instead, she focused on step-by-step procedures and on reviewing algebra skills. 

The questions in the text, while sometimes procedural, tended to focus on exploration, 

analysis, and interpretation. Because Terri did not ask the types of questions given in 

thecurriculum and because she often utilized outside resources, her content fidelity was 

generally low. 

During an interview, Terri explained that the next chapter she taught (Linear 

Programming—Minimization) would include more materials from the MDM curriculum and 

fewer from outside resources. When describing her plans for the upcoming chapter, she 

stated,  

About the only thing that they have that’s not [MDM] would be, maybe a couple of 

their warm-up problems are just like what we’ve been using in this unit, where it’s, 

you know, ‘What are the intercepts? Draw a graph’ just because they need practice 

with that. But it’s much more [MDM]-oriented than this chapter is. 

Therefore, although Terri’s content fidelity was low during the observed lessons, this may 

not always have been the case. If she were observed during the Linear Programming—

Minimization chapter, her content fidelity may have been higher.  

 Presentation fidelity. Terri’s presentation fidelity was typically higher than her 

content fidelity. Each of the indicators in the Productive Pedagogies framework was labeled 

as “observed” for the majority of the segments with the exception of three: Technology, 

Knowledge as Problematic, and Connectedness to the World, as shown in Table 4.4. All 13 
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indicators are discussed in this section. I briefly describe each indicator here, but I do not 

provide as much detail in the future case-study sections. 

 Higher order thinking. This indicator involves the transformation of information and 

ideas. This transformation occurs when students combine facts and ideas and synthesize, 

generalize, explain, hypothesize, or arrive at some conclusion or interpretation. Terri showed 

evidence of encouraging higher order thinking for the majority of the segments (15 out of 24 

segments and 260 minutes out of 405 minutes were observed). Typically, higher order 

thinking was observed when students worked in groups or when students were presenting or 

explaining their work. The group work and the student presentations gave students the 

opportunities to transform the information and ideas on their own.  

 This indicator was not observed a number of times as well (9 out of 24 segments were 

and 145 minutes out of 405 minutes were not observed). For example, when Terri lectured, 

there was no evidence that the students were transforming new information or ideas because 

they were not contributing to the lesson. In addition, when Terri reviewed previous skills, 

there was no new information or ideas to transform; thus, higher order thinking did not occur 

during those segments either.  

 Generally, Terri spent more time on group work and student presentations than on 

lecture and review. Since group work and student presentations led to higher order thinking, 

this indicator was observed throughout the majority of the segments (15 out of 24 segments; 

260 minutes out of 405 minutes). However, lecture and review did not lead to higher order 

thinking; thus, this indicator was not observed during 9 of the 24 segments (145 minutes out 
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of 405 minutes). Furthermore, Terri rarely pushed students to hypothesize or generalize, so 

this indicator was never found to be exemplary.  

 Understanding. Understanding is indicated when students grasp relatively complex 

relationships between the central concepts of a topic. They can produce new knowledge by 

discovering relationships, solving problems, constructing explanations, and drawing 

conclusions. Understanding was generally observed in Terri’s classroom when students 

worked in groups, responded to the teacher’s questions, and presented or explained their 

work to the class. Since these activities occurred often during Terri’s lessons, this indicator 

was observed 20 out of the 24 segments (345 minutes out of 405 minutes). However, this 

understanding was typically shallow, and I would not describe the relationships or concepts 

as “complex”. Thus, this indicator was never labeled as “exemplary”. 

Substantive conversation. The Substantive Conversation indicator includes 

considerable interaction among students, and between teacher and students, about the ideas 

of a mathematics topic. The interactions are reciprocal and promote shared understanding. 

Because Terri consistently utilized group work and student presentations in her lessons, this 

indicator was often observed (15 out of 24 segments; 255 minutes out of 405 minutes) and 

sometimes exemplary (4 out of 24 segments; 105 minutes out of 405 minutes). On the other 

hand, there were a few segments where Terri lectured with little to no student input, and in 

these cases, the Substantive Conversation indicator was not observed (5 out of 24 segments; 

45 minutes out of 405 minutes). For the majority of the Terri’s observed lessons, though, 
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there was evidence of reciprocal interaction among students and between the teacher and 

students. 

Knowledge as problematic. The Knowledge as Problematic indicator involves an 

understanding of knowledge not as a fixed body of information, but rather as being 

constructed, and hence subject to political, economic, social, and cultural influences and 

implications. There were only five instances where this indicator was observed (75 minutes 

out of 405 minutes were observed); it was labeled as “not observed” for the other 19 

segments (330 minutes out of 405 minutes were not observed) because Terri typically 

portrayed the mathematics as concrete and as having one correct answer. Furthermore, 

students were rarely given an opportunity to construct knowledge themselves. They were 

instead given steps to follow. For example, when going over the Computer Flips homework 

assignment, Terri gave the answers with no student input. During this segment, no new 

knowledge was discussed or constructed. It was possible that students constructed knowledge 

while completing the Computer Flips homework assignment, but this was not evident in this 

portion of the lesson. Instances like this showed that the Knowledge as Problematic indicator 

was rarely observed. 

The use of contextual problems could lead to an understanding of knowledge being 

subject to outside influences and implications. Terri usually began a problem by introducing 

the context, but she rarely brought back the context after the introduction or analyzed the 

solution within the context. Therefore, this indicator was not observed for the majority of 

Terri’s lessons. 
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Metalanguage. Next, the Metalanguage indicator refers to frequent discussion about 

talk and writing, about how written and spoken facts work, about specific technical 

vocabulary and words, and about how sentences work or do not work (e.g., syntax, 

grammar). During an MDM lesson, Metalanguage can refer to a discussion of mathematical 

vocabulary, mathematical syntax, or technological syntax.  

Generally, this indicator was observed during Terri’s lessons (19 of the 24 segments 

and 355 minutes out of 405 minutes were observed). This was evident when she consistently 

emphasized vocabulary, syntax for Excel, and notation. For example, she encouraged 

students to use proper vocabulary, such as “non-negativity constraints”, and she spent a great 

deal of time discussing the use of subscripts on decision variables. Furthermore, she had 

students write out the syntax for Excel by hand before going to the computer lab. However, 

this indicator was not always emphasized; it was not observed in 5 of the 24 segments (50 

minutes out of 405 minutes). While Terri made sure to use proper vocabulary and syntax, she 

did not always explicitly discuss it. Therefore, the Metalanguage indicator was never labeled 

as “exemplary” and was sometimes labeled as “not observed”. Generally, though, Terri was 

faithful to this indicator. 

Social support. Social support is characterized by an atmosphere of mutual respect 

and support between the teacher and students and among students. Terri consistently showed 

respect towards her students and encouraged students to respect one another; thus, this 

indicator was labeled as “observed” in 21 of the 24 segments (375 minutes out of 405 

minutes were observed). On several occasions, I wrote in my field notes, “The teacher 
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showed evidence of respect towards her students, but it was unclear whether the students 

respected her or each other.” In general, the students in Terri’s class were very quiet. They 

tended to listen and do what they were asked to do, but was often difficult to determine what 

students were thinking, for example, about the level of respect they had for their teacher and 

their classmates. This is not to say that there was disrespect, but it was often impossible to 

discern the level of respect. Therefore, this indicator was never labeled as “exemplary” and 

was sometimes (three segments; 30 minutes) labeled as “not observed”. For the majority of 

the time, though, there seemed to be mutual respect between the teacher and the students and, 

when it was possible to see this, among students. 

Academic engagement. The Academic Engagement indicator is labeled as “observed” 

when students are engaged and on task; they raise questions, contribute to group activities, 

and help one another. There were some instances when Terri’s students did not seem 

engaged in the lesson (2 of the 24 segments and 10 minutes out of 405 minutes were not 

observed), but, for the most part, students were engaged and on task (20 of the 24 segments 

and 325 minutes out of 405 minutes were observed). In fact, in two of the segments (70 

minutes), this indicator was labeled as “exemplary”. For example, when students were 

completing their Arrival Instructions one day, the teacher encouraged them to work in groups 

of three to four students to complete two-variable, non-MDM linear programming word 

problems. During this segment, students worked well in groups, seemingly relying on one 

another to solve the problems. On the other hand, there were two instances where the 

students either seemed disengaged in the lesson or off task, and these segments were labeled 
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as “not observed”. However, because Terri used group work regularly and led whole-class 

discussions where students were encouraged to ask and answer questions, the Academic 

Engagement indicator was generally observed. 

Technology. The Technology indicator refers to students using appropriate technology 

(e.g., Microsoft Excel or graphing calculators) correctly, including reflection during and after 

technology use and interpretation of results. For the majority of Terri’s lessons (21 of the 24 

segments; 320 minutes out of 405 minutes), this indicator was labeled as “not applicable” 

because the instruction did not require technology. Terri did bring her class to the computer 

lab twice during the observed lessons, but the majority of the segments did not require 

technology. There was one instance when technology could—and perhaps should—have 

been used, but Terri chose to have students complete an Excel template by hand instead of 

having them work on the computers. This segment was labeled as “not observed” because the 

instruction required technology, but Terri decided to have students prepare for the computer 

lab by first completing the template by hand. 

Note that the Linear Programming—Maximization chapter heavily relies on 

Microsoft Excel. Because Terri chose to bring in many outside resources, Excel was not as 

necessary as it would have been if she consistently used the MDM materials. That is, Terri 

presented problems that could easily be done by hand so that students could practice their 

algebra skills, and so there was little need to use Excel to solve the problem. Thus, Terri’s 

low content fidelity altered the labeling of the Technology indicator from “not observed” to 
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“not applicable” because the problems Terri chose did not require the technology that the 

problems in the MDM curriculum require. 

Inclusivity. Inclusive classroom practices (including narratives) intentionally 

acknowledge, support, and incorporate the diversity of students’ diverse backgrounds, 

experiences, and abilities. There was little to no evidence of Inclusivity during eight segments 

of Terri’s observed lessons (85 minutes out of 405 minutes were not observed), but 16 

segments were labeled as “observed” (320 minutes out of 405 minutes were observed). 

Typically, Inclusivity was observed because Terri so often included group work, which 

allowed students to build on one another’s strengths. Terri often encouraged students to work 

in pairs or in groups of three to four students. In one particular segment, students were 

completing the Arrival Instructions, and Terri referred to some students as the “experts” who 

would be able to help the people around them. In this example, Terri showed evidence of 

incorporating inclusivity into her classroom. 

Knowledge integration. Knowledge Integration occurs when explicit attempts are 

made to connect two or more sets of subject area knowledge. Terri had 12 segments labeled 

as “observed” (225 minutes out of 405 minutes were observed) and 12 segments labeled as 

“not observed” (180 minutes out of 405 minutes were not observed) for this indicator. Many 

segments during Terri’s lessons included Knowledge Integration because she used several 

contextual problems that connected math to business, reading, or technology. However, as 

mentioned earlier, Terri often stopped mentioning the context of the problem once they 
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began solving it and once they obtained a solution. In those cases, the indicator would not be 

observed because they were focusing on the math only.  

For example, after introducing the Lego Problem, Terri wanted students to solve the 

problem using linear programming techniques. This problem context is related to business, 

but the teacher simply put the linear programming formulation on the board and asked 

students to graph the feasible region. There was no connection between the context and the 

graph. In this example, the context of the problem connected math with business, but Terri’s 

instructional techniques removed the context and focused only on the mathematics. 

Therefore, this segment and others like it were labeled as “not observed”. Still, Terri had an 

equal number of observed and not observed segments of the Knowledge Integration 

indicator, with slightly more time observed than not observed (225 minutes observed versus 

180 minutes not observed). 

Background knowledge. This indicator refers to whether opportunities are provided 

for students to make connections between their own background knowledge and the topics, 

skills, and competencies they are studying and acquiring. Terri showed strong evidence of 

the Background Knowledge indicator, with 23 segments observed (400 minutes out of 405 

minutes) and only one segment (5 minutes) not observed, because Terri spent a great deal of 

time reviewing and building upon students’ algebra skills. For example, Terri expected 

students to know how to write functions and inequalities based on word problems. In 

addition, she repeatedly presented how to use the elimination method to find a corner point 

and mentioned that students should have learned it in algebra. In these examples, students 
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needed to draw on their knowledge from previous classes. Then, after the first few days of 

class, Terri focused more on students’ understanding of linear programming and Excel and 

less on their algebra skills. Even in these cases, though, students were still expected to make 

connections to their prior knowledge. Therefore, Terri very consistently provided 

opportunities for students to make connections between the current topic and their 

background knowledge and skills. 

Connectedness to the world. This indicator describes the extent to which the lesson 

has value and meaning beyond the instructional context, making a connection to the wider 

social context within which students live. Although this indicator was observed during 

several instances (10 of the 24 segments and 170 minutes out of 405 minutes were observed), 

it was not observed in the majority of Terri’s lessons (14 of the 24 segment and 235 minutes 

out of 405 minutes were not observed). During her observed lessons, Terri used several word 

problems which could have connected to students’ lives. However, many of these problems 

did not come from the MDM materials and were not very realistic. Therefore, students could 

not see how they connected to their lives. I often wrote notes such as: “Although the word 

problems were contextual, they were not necessarily connected to students’ lives.” In 

addition, Terri focused on procedures and steps to solve the problems, which allowed 

students to do the narrow mathematics in the classroom, but disconnected the mathematics 

even more from the realistic contexts that the curriculum authors intended to emphasize. 

Thus, this indicator was not observed during most of Terri’s lessons.  
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Problem-based curriculum. The last indicator refers to a curriculum in which students 

are presented with specific practical, real, or hypothetical problems to solve, where the 

mathematics is interpreted in the context of the problem. Typically, Terri showed evidence of 

this indicator (18 of the 24 segments and 295 minutes out of 405 minutes were observed) 

because she taught using contextual problems. Although many of the problems were from 

outside materials, they were still practical, real, and/or hypothetical. Terri consistently 

introduced a problem with a context, and therefore, students were presented with a problem-

based curriculum. In these cases, this indicator was observed. However, Terri often failed to 

discuss the context after the introduction to the problem, which led to this indicator not being 

observed in the remainder of the segments (6 of the 24 segments and 110 minutes out of 405 

minutes were not observed). 

This indicator would be labeled as “exemplary” if students were pushed to think 

beyond the solution within the context. There were no instances where Terri showed 

“exemplary” evidence of the Problem-Based Curriculum indicator because she rarely 

brought the context back after solving the problem. Therefore, Terri was generally faithful to 

this indicator, but she did not go beyond presenting a contextual problem to the students. 

Overall, Terri showed a range of implementation fidelity levels. More often than not, 

Terri utilized materials from resources other than the MDM curriculum. This caused her to 

have lower content fidelity. On the other hand, Terri had relatively high presentation fidelity, 

straying occasionally from the authors’ intentions. In general, Terri seemed to adopt the 

pedagogical intentions of the MDM curriculum authors, but she often adapted the 
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mathematical intentions; thus, an appropriate categorization of Terri’s implementation would 

be adopting but adapting content. The categories that emerged in this study, such as this one, 

are discussed further in Chapter Six.  

Conceptions related to implementation fidelity. The most common conception that 

emerged from Terri’s interviews was her beliefs about students, but her beliefs about 

teaching, beliefs about the curriculum, beliefs about math, and subject matter knowledge also 

played roles in her instructional decisions. Each of these conceptions is discussed in detail 

below. Table 4.6 lists the codes that emerged from Terri’s interviews (note: codes with only 

one instance were not included in the table, but they were included in the totals). See 

Appendix I for a description of the codes. 

Beliefs about curriculum. Terri did not often mention her beliefs about the MDM 

curriculum, but when she did, she most commonly discussed the appropriateness of the 

curriculum for her students. This took on two very different forms because Terri believed 

some aspects of the materials were appropriate for her students while others were not. There 

was evidence of both sides in her interview and survey responses. 

 Sometimes, she seemed to think the materials were appropriate for her students, as 

seen in the following quote: 

I like it because I think it, you know, it needs [sic] a very diverse population of 

students from those that learn by listening, those that learn by doing, those that learn 

by, you know... I don’t know. I just feel like it meets the needs of a lot of students.  
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Table 4.6 

Terri’s Interview Codes 

Conception Code 
Number of 

instances 

Beliefs about 

Curriculum 

Appropriate/Not appropriate for students 5

Challenging/Complex 3

Positive about materials 3

Lends itself to certain instruction 2

New/Different 2

  Total 19

Beliefs about Math 

Importance of correct vocabulary or syntax 3

Tricks/Rules 3

Math vocabulary 2

Math is/is not present in the “real world” 2

Multiple methods 2

Step-by-step process 2

  Total 14
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Table 4.6 Continued 

Beliefs about 

Students 

Student issues/struggles 18

Knowing where students will struggle 15

Student engagement 7

Student confidence 6

Student levels 6

Students reading 6

Student accountability 5

Student background 5

Students can’t handle too much data 4

Word problems 4

Students can overcome 3

Technology 3

Positive about students 2

  Total 87
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Table 4.6 Continued 

Beliefs about 

Teaching 

Student thinking/understanding 11

Time constraints/timing 6

Students explaining/presenting 5

Hands-on 4

Need to be prepared 4

Reviewing previous skills 4

Experiencing 3

Importance of class discussions 3

Lecture/Telling 3

Organize information 3

Standards 3

Analyze/Interpret/Reflect 2

Confidence/Comfort as a teacher 2

Practice/Repetition 2

Scaffolding 2

Start with easier problems 2

Students need to struggle/take risk 2

  Total 68
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Table 4.6 Continued 

Subject Matter 

Knowledge 

Feeling/Not feeling prepared 5

Summer workshops 4

Lack of subject matter knowledge 2

Previous knowledge 2

  Total 14

  

Thus, Terri felt that the curriculum was appropriate for her students because it met many of 

their needs. Moreover, in her survey responses, Terri showed evidence that she thought the 

materials were appropriate for her students. The survey items under the Beliefs about 

Curriculum construct asked teachers to rate “how important you feel each of the following is 

in a curriculum, where 1—Least Important and 6—Most Important.” The only survey item 

under this construct that Terri rated as “6—Most Important” was “Joint, cooperative, or small 

group work”. Since the MDM curriculum encourages the use of group work, this is further 

evidence that Terri felt the materials were appropriate for her students.  

On the other hand, Terri often mentioned that the materials were not appropriate for 

her students. When looking at a problem in the curriculum, she said, “I’m looking at it and 

I’m thinking, one or two, maybe three or four strong students could probably handle that 

many graphing of constraints, but the rest of them are going to freak out. Yeah, they’ll be 

like, ‘What?!’” Thus, she did not think this problem was appropriate for the students in her 

class, and so she chose not to teach it. In her survey responses, Terri also showed evidence 
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that she believed the MDM curriculum was not appropriate for her students. For example, 

she thought the following items were important in a curriculum: (a) Practice problems for 

students to solve and (b) Answers to selected practice problems. However, the MDM 

curriculum offers few practice problems for students and there are no answers to practice 

problems, and so Terri did not seem to agree with these aspects of the curriculum. Therefore, 

Terri also showed evidence that she believed the curriculum was not appropriate for her 

students. 

 Connection to instructional decisions. Terri seemed to be torn in her opinion about 

the appropriateness of the MDM curriculum as she showed evidence that it was appropriate 

at various points and evidence that it was not appropriate at various points. These 

conceptions could be seen in her instructional decisions because she chose to teach using a 

blend of materials from outside resources and from the MDM curriculum. When she felt the 

MDM materials were appropriate, she used them in her class and had higher content fidelity; 

when she felt that they did not meet the needs of her and her students, she chose to utilize 

outside resources and had lower content fidelity. Moreover, Terri believed it was important 

for curricula for encourage group work, and this conception could be seen in her daily use of 

group work. This group work, in turn, led to many of the Productive Pedagogies indicators 

being observed (described earlier). Thus, her beliefs about curriculum increased her 

presentation fidelity and content fidelity, but also sometimes lowered her content fidelity. 
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Beliefs about math. Terri rarely discussed her beliefs about math, as seen in Table 

4.6. The few instances that emerged showed that (a) she placed importance on correct 

vocabulary and (b) she believed math included tricks and/or rules that should be followed.  

In one particular example, Terri showed evidence of both these beliefs. During one of 

Terri’s observations, she had two students come up to present their answers to the homework 

problems from the previous night. The students had correct answers, but Terri asked them a 

number of questions to push their thinking. In particular, she focused on how to write 

inequalities based on a word problem. She wanted students to realize that the words “at 

most” corresponded with the symbol for “less than or equal to” and the words “at least” 

corresponded with the symbol for “greater than or equal to”. During the stimulated recall 

interview, Terri was asked about this segment: 

Interviewer: What were you looking for with that line of questioning? 

Terri: That they can make a connection between that wording and how is that 

represented as a symbol. 

Interviewer: Why is that important? 

Terri: Because I know they struggle with, you know, the ‘at most’ and ‘at 

least’. They always want to do the reverse. You know, ‘at most’, 

they’re thinking ‘most’ ‘big’ and so they’re like, ‘I want to use greater 

than or equal to.’ And ‘at least’, we see them a lot of times, ‘Well if 

I’m thinking small, little, so I’m going to use the less than or equal to 

symbol.’ I think they struggle with the symbols. 
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During this segment, there was evidence that Terri believed vocabulary was important 

because she wanted students to see the connection between the words “at most” and “at 

least” and the mathematical symbols. There was also evidence that she saw math including 

tricks or rules than can be used. That is, she seemed to want students to memorize the 

connections between the words and the symbols. It should be noted that the students who 

presented their homework had correctly written the inequalities before Terri’s questions and 

suggestions. 

 It is unclear whether Terri would actually state that she believes math consists of 

rules, tricks, and strategies. In fact, she probably would not, as can be seen in her survey 

responses. When asked whether she agreed with the statement, “Solving math problems is 

best done by following established rules,” she responded, “Disagree”. Her interview 

responses and instructional techniques seemed to demonstrate Terri’s belief that math should 

be done using rules, but her survey response contradicted that. Without further data, Terri’s 

belief about math as a set of rules is unclear. 

 Connection to instructional decisions. There was some evidence for how Terri’s 

beliefs about math influenced her instructional decisions. As mentioned earlier, there were 

times Terri focused on vocabulary during instruction, and her belief about the importance of 

math vocabulary could have influenced this decision. The Metalanguage indicator in the 

Productive Pedagogies framework shows that the MDM authors also think vocabulary is 

important. Terri’s belief about the importance of vocabulary could have increased her 
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presentation fidelity because this indicator was labeled as “observed” for the majority of 

Terri’s lessons.  

There were several instances where Terri taught rules, tricks, or strategies that she 

expected students to remember and use. This technique showed low implementation fidelity 

because the MDM curriculum does not emphasize rules and tricks; instead, it focused on the 

understanding of concepts. However, Terri’s belief about math as a set of rules is uncertain, 

and so it was unclear the extent to which Terri’s beliefs about math influenced this part of her 

implementation fidelity. In sum, Terri’s beliefs about math most likely influenced her 

implementation fidelity, but it was often unclear the extent to which this occurred due to 

conflicting or insufficient evidence. 

Beliefs about students. The most common conception that emerged from Terri’s 

interviews was her beliefs about students. Specifically, Terri regularly mentioned students’ 

issues and struggles, either predicting where students would struggle before the lesson or 

discussing where students struggled after the lesson. Terri also showed evidence for other 

beliefs about students, as shown in Table 4.6. Here, I discuss her conception about students’ 

issues and struggles, and this conception sometimes related to her other conceptions about 

students. 

Terri often believed students would struggle with the MDM materials because they 

did not have sufficient algebra backgrounds. This can be seen in the following quote: 

I don’t think that their skills that they need to support them for the problems are as 

strong as they need to be. Like, if they came in here with the really good algebra 
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skills and graphing wasn’t an issue and understanding that in the first quadrant is 

where we have non-negative x’s and non-negative y’s. You know? It’s all those 

fundamentals that were introduced in other courses that they’ve either forgotten or 

they weren’t strong enough in. So I think that demand along with the demand of these 

very wordy problems is a lot for them to take on at the beginning. 

Therefore, Terri believed that students would struggle with the materials in the MDM 

curriculum because they did not have sufficient backgrounds.  

 In another example, Terri was asked to describe her goal for the upcoming lesson. 

She responded,  

My goal would be… for them to be able to set up, on paper, the linear programming 

problem. So I think what they’re struggling with is the reading through the problem 

and pulling out the important information. So I really want to have that down pat 

before they try to do Computer Flips [a problem from the MDM curriculum] tonight 

for homework and the reading that’s involved with that… because I’m afraid they’ll 

really shut down when they get to tomorrow night’s homework, and be like, ‘Oh, well 

I couldn’t do those other ones. How am I going to read a problem that’s two pages 

long?’ 

From this response, Terri showed her belief that students struggle with reading and with large 

word problems. 

 The survey responses for this construct did not contribute to this discussion because 

there were no survey items about student struggles or issues. In the survey, Terri seemed to 
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show very positive views of students. For example, she disagreed with the statement, “Most 

of my students don’t feel they want to be good math students,” as well as with the statement, 

“Most of my students don’t enjoy math class very much.” Thus, Terri’s survey responses 

neither supported nor contradicted her interview data. 

 Connection to instructional decisions. Terri’s beliefs about students were centered on 

students’ issues and struggles, and several other beliefs about students stemmed from this 

belief, including beliefs about students reading and about students’ backgrounds. This 

overarching belief about students’ struggles led Terri to provide the students with a large 

amount of algebra review, many step-by-step instructions, and several practice problems. 

Generally, these instructional techniques were not faithful to the authors’ intentions, and her 

use of these techniques lowered her presentation fidelity. Furthermore, Terri’s beliefs about 

students’ struggles led her to bring in problems from outside resources. She wanted to 

include problems that she thought were more appropriate for her students and that would 

provide them with the practice they needed. Thus, this belief about students decreased both 

Terri’s presentation fidelity and her content fidelity. 

Beliefs about teaching. Next to beliefs about students, Terri’s beliefs about teaching 

were the most common conceptions discussed during her interviews. In particular, she 

emphasized the importance of student thinking and understanding in her teaching. Other 

beliefs about teaching emerged, but Terri’s belief about the importance of student thinking 

and understanding in her teaching was the dominant one. 
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 One instance came from Terri’s choice to have students present their work to the 

class. When asked why she chose to use this instructional technique, she responded,   

Well, I think they need to learn just to present. And they need to learn to turn and face 

the audience, speak to the audience. I think it’s, you learn more by having to share 

what you know how to do or don’t know how to do. You learn from your mistakes 

better. It keeps them actively engaged. 

Again, Terri felt that student understanding was an important part of teaching, and one way 

to facilitate understanding was to have students present and explain their work to one 

another. 

 In another example, Terri was discussing the packets they used during class. As 

mentioned earlier, Terri gave students detailed packets for each unit that included a schedule 

for the unit, notes, fill-in-the-blank notes, classwork assignments, and homework 

assignments. She explained that all teachers of the math department at her school used these 

packets. When asked about them, she said, 

Initially, when I first started teaching here, I was not a real big fan because I was 

teaching Honors Algebra II, and most of those students are, you know, sophomores 

and juniors, and I’m like, ‘They need to learn to start taking notes.’ We don’t need to 

always be giving them fill-in-the-blank notes to, you know, follow the little bouncing 

ball and every time we come to a blank, you fill in the blank. You know? We’re not 

teaching them anything. So I was a little resistant in the beginning because of the 

students we were presenting them to and the types of packets we were giving them. 
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So, for the courses that I’ve taught, like for Calculus, I don’t do packets. I’m like, 

‘You’re in a college-level course and you need to step up to the plate.’ Now, I’ll post 

my PowerPoints, and they can, you know, after the fact, they can look back at the 

PowerPoints. So it just kind of depends on the students. But in an AFM, we do a little 

of both. We do a little, sometimes we’ll have the fill-in-the-blank notes, sometimes 

I’m like, ‘You need to put this in your notebook on a piece of notebook paper.’ You 

know? ‘I’ll help you so you know when to take notes’ but, yeah, I do like the packets. 

From this quote, Terri seemed to struggle with the packets used in her department. She 

claimed that she liked them, but she did not think they allowed for much student thinking, 

understanding, or accountability, which was important to her. 

 There were no items on the survey that directly related to the importance of student 

thinking and understanding; thus, there was no way to verify this belief with Terri’s survey 

responses. 

 Connection to instructional decisions. These examples showed how Terri’s beliefs 

about teaching influenced her instructional decisions and, in turn, her implementation 

fidelity. The MDM curriculum emphasized student thinking and understanding, and so 

Terri’s strong belief about the importance of thinking and understanding allowed her to have 

higher implementation fidelity. This came across when she had students present their work to 

the class, among other examples. On the other hand, Terri chose not to give students the 

MDM textbook and instead utilized packets in her instruction that guided students through 

the content. These packets were often quite different from the MDM materials. Terri showed 
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a sense of struggle when discussing the packets. She wanted to encourage student thinking 

and understanding, but she had a difficult time doing so when she used the packets. For this 

reason, Terri may have wanted to use the MDM materials more closely, but the expectations 

of her math department did not allow her to do so.  

The interview data showed that Terri’s beliefs about teaching focused on student 

thinking and understanding as well as ideas like group work and students explaining and 

presenting their work. These conceptions tended to bring her closer to the authors’ intended 

curriculum. However, some outside influences, such as the expectation of her math 

department to use packets, lowered her content fidelity and presentation fidelity. It also 

should be noted that Terri mentioned time constraints several times throughout the 

interviews. Terri was expected to teach from the standard course of study for AFM, and the 

MDM materials did not necessarily fit within these standards. Consequently, Terri often felt 

the need to “get through” the MDM chapters so that she could teach again from the standard 

course of study. Once again, outside influences played a role in Terri’s instructional 

decisions and thus her implementation fidelity. 

Subject matter knowledge. The last conception, Subject Matter Knowledge, was not 

often mentioned by Terri. On a few occasions, she discussed how prepared she felt to teach 

the lesson, but this conception did not seem to influence her instructional decisions, and so it 

will not be discussed here. On the subject matter knowledge portion of the survey, Terri 

correctly answered 10 out of 18 questions (approximately 56%). Terri’s survey data showed 

that she had a relatively strong grasp of linear programming but a weak one of the other 
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mathematical programming topics, such as Sensitivity Analysis and Binary Programming. 

However, neither her grasp of linear programming nor her lack of other subject matter 

knowledge seemed to influence her instructional decisions. 

She mentioned the summer workshops a number of times during the interviews, and 

these workshops did play a role in her instructional decisions. The summer workshops were 

primarily designed to increase teachers’ subject matter knowledge by presenting the content 

from the MDM curriculum. Terri attended a summer workshop in 2010 and part of an 

identical workshop in 2011. She decided to come the second time because she felt like she 

wanted a deeper understanding of the content before teaching the materials again. These 

workshops seemed to play a role in her instruction. For example, she mentioned “editing the 

PowerPoint based on my second attendance from this summer.”  

Terri was explicitly asked about her second workshop experience during one of the 

interviews: 

Interviewer:  And for you, since you attended some of this year’s workshop in 

addition to last year’s, do you think that that has influenced the way 

you’re teaching this year? 

Terri: Oh yeah.  

Interviewer: Yeah?  

Terri: Definitely. 

Interviewer: In what way? 
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Terri: You know, just the flow of the way we present the material, the 

emphasis on things that, I was like, ‘Well why was that so important? 

Ah, we’ll just take it out.’ Like production rate? [Another teacher] and 

I were like, ‘What’s the significance of production rate? And why do 

we need to tell the kids about that? We’ll just call the number of tables 

and chairs.’ So last year, when we did this problem, we called it, ‘the 

number of tables and chairs’ and didn’t really talk production rate. 

You know? That it’s the number that we making per day or per week 

or per month, and that’s based upon, you know, the specifications of 

how often you’re getting your resources. So little things like that that 

we thought, ‘Ah, it’s not important, throw it out.’ [laugh] From a real 

world perspective, I think that it is important. And we’ll talk about 

how you can make a part of a table. You know when we get the 

feasible region graphed. I don’t think we did enough talking about 

what does this feasible region mean? And if I pick a point in here, 

what is that saying? When I pick a full chair and part of a table, you 

know, is that a valid solution? You know, what’s going on? So we 

didn’t talk any about that last time because we were just like, ‘Ah, 

that’s not important.’ So I think going to the workshop again is like, 

‘Oh, yeah.’ 
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Therefore, Terri gained new subject matter knowledge by attending the workshop a second 

time and this knowledge influenced the way she presented the materials. In fact, she had 

increased implementation fidelity by gaining a deeper understanding of ideas like 

“production rate” and “feasible region”.  

There was little other evidence of how Terri’s subject matter knowledge influenced 

her instructional decisions. The only obvious instance was how Terri utilized her knowledge 

from the summer workshops in her instruction. In this case, she increased her content fidelity 

with her increased subject matter knowledge. 

Conclusions. During Terri’s five observations, she generally had low content fidelity 

and medium to high presentation fidelity. Her low content fidelity was most likely due to (a) 

her belief that the curriculum was not appropriate for her students, (b) her beliefs about 

student issues and struggles, and (c) outside influences, such as her department’s use of 

packets.  

Her presentation fidelity was increased by (a) her belief that the curriculum was 

appropriate for her students, particularly its emphasis on group work, (b) her belief about the 

importance of math vocabulary, and (c) her belief about the importance of student thinking 

and understanding. On the other hand, her presentation fidelity was sometimes lowered due 

to (a) her beliefs about student issues and struggles and (b) outside influences, such as her 

department’s use of packets and the need to follow the standard course of study.  

In sum, Terri showed a range of implementation fidelity. Her beliefs about 

curriculum, beliefs about math, beliefs about students, beliefs about teaching, and subject 
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matter knowledge all influenced her implementation fidelity. Some of these conceptions were 

related to higher in her implementation fidelity while some were related to lower 

implementation fidelity.  

Kimberly 

 Kimberly was in her eighth year of teaching, but this was her first time teaching the 

MDM curriculum. Her classes were 50 minutes each. Kimberly implemented the MDM 

materials in her AFM courses. Like Terri, Kimberly was observed during her implementation 

of the Linear Programming—Maximization chapter. Again, the content of this chapter 

includes (a) introducing linear programming, (b) solving linear programming problems using 

graphs, (c) solving linear programming problems using Microsoft Excel, and (d) interpreting 

and analyzing problem contexts and solutions. During her observations, Kimberly 

implemented Section 2.0 (“The Lego Problem”) and Section 2.1 (Computer Flips, a Junior 

Achievement Company). See Appendix A for the complete text for these sections of the 

curriculum. She also taught a problem, known as “The iTunes Problem”, that is found only 

on the website, not in the textbook. The goal of this problem is to review the process of 

graphing linear inequalities. 

Data collection. Kimberly was observed seven times during her implementation of 

the Linear Programming—Maximization chapter. She participated in four pre-observation 

interviews, one post-observation semi-structured interview after the first observation, and one 

post-observation stimulated recall interview after the final observation. The data collection 
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schedule is shown in Table 4.7. During her stimulated recall interview, she watched a total of 

nine clips, ranging from 20 seconds to five minutes. 

 

Table 4.7 

Data Collection Details for Kimberly 

Date and Length Of Pre-

Observation Interview 

Date Of 

Observation 

Date, Type, and Length Of Post-

Observation Interview 

9/27/2011 (14 min.) 9/28/2011 9/28/2011 Semi-structured (24 min.) 

 9/29/2011  

9/29/2011 (12 min.) 9/30/2011  

9/30/2011 (11 min.) 10/04/2011  

 10/5/2011  

10/5/2011 (21 min.) 10/6/2011  

 10/7/2011 10/7/2011 Stimulated Recall (37 min.) 

 

Kimberly’s classroom. Kimberly taught in an older school building with very large 

classrooms. The only visible technology in the room was a projector hooked up to the 

teacher’s computer, which projected a warm-up assignment that students were expected to 

work on upon entering the classroom. There were some posters hung in the back of the room, 

and past student projects were displayed on the windows. On the front board, the teacher 

posted an objective, a classwork assignment, a homework assignment, and information about 
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the upcoming SATs. Posted on top of the board was a sign stating, “You are expected to: 

Read, Think, Try, Discuss the Math, Make Mistakes, Ask Questions.” The number of 

students in the class ranged from 21 to 26, depending on absences. The desks were arranged 

in rows, with students sitting in alphabetical order. When asked to work in groups, students 

had pre-established groups, and they moved their desks to work with one another. 

 Kimberly began each lesson with a warm-up that was a math SAT-type question with 

the purpose of reviewing previous skills and preparing students to take the SATs. The 

students walked in, obtained their warm-up notebook from the back of the classroom—where 

they stored their notebooks each day—and began working independently on the warm-up. 

The teacher gave students time to complete the warm-up, and then she went over it through a 

mixture of lecture and whole-class discussion. Afterwards, the students brought their 

notebooks back to their holding place where they would remain until the following day. 

For the remainder of the period, students worked in their pre-established groups to 

read and complete in-text questions from the MDM materials. Kimberly had a class set of 

textbooks; thus, students had their own copies of the book that they used while working in 

groups. During the group work, Kimberly walked around, answering and asking questions to 

push student thinking. She sometimes incorporated whole class discussion when going over 

homework or classwork, but Kimberly used this same basic routine of an SAT warm-up 

followed by group work with the MDM materials each day.  

Implementation fidelity. Kimberly’s content fidelity (how much of the MDM 

curriculum she taught) and her presentation fidelity (how she implemented the materials) 
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were both relatively high. Her content fidelity is detailed in Table 4.8, which shows the total 

number of segments that were labeled as faithful (high content fidelity) or not faithful (low 

content fidelity), and Table 4.9, which shows the total number of minutes that were labeled 

as faithful or not faithful. Her presentation fidelity is shown in Table 4.10, which shows the 

Productive Pedagogy indicators and the total number of segments labeled as exemplary, 

observed, not observed, or not applicable for each indicator, and Table 4.11, which shows the 

Productive Pedagogy indicators and the total number of minutes that were labeled as 

exemplary, observed, not observed, or not applicable for each indicator. See Appendix C for 

a description of the indicators.  

 

Table 4.8 

Kimberly’s Content Fidelity Results by Number of Segments 

 Number of Segments Not Faithful Number of Segments Faithful 

Content Fidelity 8 12 

 

Table 4.9 

Kimberly’s Content Fidelity Results by Time (in Minutes) 

 Total Minutes Not Faithful Total Minutes Faithful 

Content Fidelity 60 290 
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Some of the Productive Pedagogy indicators were difficult to label for Kimberly’s 

overall lessons; these difficulties are discussed further below. One of the reasons for these 

difficulties was Kimberly’s daily use of SAT warm-ups. These warm-ups were unrelated to 

the MDM curriculum and Kimberly’s implementation of the curriculum. She added in the 

SAT warm-up because her students were going to take the SATs. It served a different 

purpose than the course itself. Removing the segments related to the SAT warm-ups allowed 

me to focus on Kimberly’s implementation fidelity levels related to the MDM content only. 

Note that Kimberly’s warm-ups were much different from Terri’s Arrival Instructions 

described earlier because Terri’s Arrival Instructions introduced or reviewed content 

specifically related to the linear programming lessons. Kimberly’s SAT warm-ups were 

unrelated to linear programming and the MDM curriculum; they were used for the sole 

purpose of helping students prepare for the SATs.  

Hence, four additional tables are given: Tables 4.12 and 4.13 show Kimberly’s 

content fidelity results without the SAT warm-up segments, and Tables 4.14 and 4.15 show 

her presentation fidelity results without the SAT warm-up segments. There were seven 

segments devoted to the SAT warm-ups; thus, the total number of segments was reduced 

from 20 (in Tables 4.8 and 4.10) to 13 (in Tables 4.12 and 4.14). Furthermore, a total of 50 

minutes was devoted to the SAT warm-ups; thus, the total number of minutes was reduced 

from 345 minutes (in Tables 4.9 and 4.11) to 295 minutes (in Tables 4.13 and 4.15). 
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Table 4.10 

Kimberly’s Presentation Fidelity Results by Number of Segments 

Productive Pedagogy 

Indicators 

Number of 

Segments 

Exemplary 

Number of 

Segments 

Observed 

Number of 

Segments 

Not 

Observed 

Number of 

Segments 

Not 

Applicable 

Higher order thinking 0 16 4 0 

Understanding 0 17 3 0 

Substantive conversation 7 13 0 0 

Knowledge as problematic 0 8 12 0 

Metalanguage 0 9 11 0 

Social support 3 17 0 0 

Academic engagement 5 15 0 0 

Technology 0 0 0 20 

Inclusivity 1 9 10 0 

Knowledge integration 0 11 9 0 

Background knowledge 0 19 1 0 

Connectedness to the world 0 11 9 0 

Problem-based curriculum 5 7 8 0 
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Table 4.11 

Kimberly’s Presentation Fidelity Results by Time (in Minutes) 

Productive Pedagogy 

Indicators 

Total 

Minutes 

Exemplary 

Total 

Minutes 

Observed 

Total Minutes 

Not Observed 

Total 

Minutes 

Not 

Applicable 

Higher order thinking 0 320 25 0 

Understanding 0 330 15 0 

Substantive conversation 255 90 0 0 

Knowledge as problematic 0 260 85 0 

Metalanguage 0 195 150 0 

Social support 115 230 0 0 

Academic engagement 170 175 0 0 

Technology 0 0 0 345 

Inclusivity 5 270 70 0 

Knowledge integration 0 280 65 0 

Background knowledge 0 340 5 0 

Connectedness to the world 0 280 65 0 

Problem-based curriculum 205 80 60 0 
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Table 4.12 

Kimberly’s Content Fidelity Results without the SAT Warm-Up Segments 

 Number of Segments Not Faithful Number of Segments Faithful 

Content Fidelity 1 12 

 

Table 4.13 

Kimberly’s Content Fidelity Results by Time (in Minutes) without the SAT Warm-Up 

Segments 

 Total Minutes Not Faithful Total Minutes Faithful 

Content Fidelity 10 285 

 

Content fidelity. Kimberly’s content fidelity was typically high. She strayed from the 

MDM materials during the SAT warm-ups because these warm-ups were not related to the 

MDM curriculum at all. They were focused on reviewing students’ algebra and geometry 

skills and on improving students’ test-taking abilities, which are not goals of the MDM 

curriculum. Therefore, Kimberly had low content fidelity for the beginning of each observed 

lesson. Table 4.8 shows that 8 of the 20 segments were not faithful to the content fidelity, and 

Table 4.9 shows that 60 of the 345 minutes were not faithful.  
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Table 4.14 

Kimberly’s Presentation Fidelity Results without the SAT Warm-Up Segments 

Productive Pedagogy 

Indicators 

Number of 

Segments 

Exemplary 

Number of 

Segments 

Observed 

Number of 

Segments 

Not 

Observed 

Number of 

Segments 

Not 

Applicable 

Higher order thinking 0 9 4 0 

Understanding 0 10 3 0 

Substantive conversation 7 6 0 0 

Knowledge as problematic 0 8 5 0 

Metalanguage 0 7 6 0 

Social support 3 10 0 0 

Academic engagement 5 8 0 0 

Technology 0 0 0 13 

Inclusivity 1 7 5 0 

Knowledge integration 0 11 2 0 

Background knowledge 0 12 1 0 

Connectedness to the world 0 11 2 0 

Problem-based curriculum 5 6 2 0 
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Table 4.15 

Kimberly’s Presentation Fidelity Results by Time (in Minutes) without the SAT Warm-Up 

Segments 

Productive Pedagogy 

Indicators 

Total 

Minutes 

Exemplary 

Total 

Minutes 

Observed 

Total Minutes 

Not Observed 

Total 

Minutes 

Not 

Applicable 

Higher order thinking 0 270 25 0 

Understanding 0 280 15 0 

Substantive conversation 255 40 0 0 

Knowledge as problematic 0 260 35 0 

Metalanguage 0 185 110 0 

Social support 115 180 0 0 

Academic engagement 170 125 0 0 

Technology 0 0 0 295 

Inclusivity 5 255 35 0 

Knowledge integration 0 280 15 0 

Background knowledge 0 290 5 0 

Connectedness to the world 0 280 15 0 

Problem-based curriculum 205 75 15 0 
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 After the SAT warm-up each day, Kimberly usually devoted the remainder of the 

lesson, which was most of the class period, to the MDM materials. As mentioned earlier, 

Kimberly implemented three MDM problems: the iTunes problem (found on the MDM 

website but not in the textbook), Section 2.0 (“The Lego Problem”), and Section 2.1 

(Computer Flips, a Junior Achievement Company).  

During the first observed lesson, Kimberly implemented the Lego problem. On this 

day, the students were given MDM textbooks and told to read the Lego problem and answer 

the first 11 in-text questions in groups of three to four students. Kimberly provided students 

with Legos to use as they modeled the problem. Then, the students completed the remaining 

four in-text questions for homework. The teacher went over this homework assignment the 

following day with substantial student contributions. By following the text closely and 

utilizing group work, Kimberly implemented the Lego problem extremely closely to the 

authors’ intentions.  

 On the second observed lesson, Kimberly implemented the iTunes problem. Again, 

this problem is not in the textbook, but the authors placed it on the MDM website for 

teachers to use if they felt their students needed extra practice with graphing linear 

inequalities. Thus, it is still considered a part of the MDM curriculum. Kimberly created a 

worksheet based on the iTunes problem, which students completed in groups. This worksheet 

included 12 questions that led students through the problem context and the graphing 

process. Again, Kimberly’s choice to follow this problem context closely led to high content 

fidelity. However, the subsequent homework assignment gave students several linear 
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inequalities to graph with no corresponding problem contexts. Hence, this homework 

assignment was different from the authors’ intentions and caused lower content fidelity. 

 During each subsequent lesson (the third through seventh lessons), Kimberly 

implemented the Computer Flips problem. Each day, Kimberly provided students with a goal 

to reach, such as answering all in-text questions up to #26, and the students read the text and 

answered in-text questions in groups of three to four students. Kimberly occasionally brought 

the class together for whole-class discussions. For example, she went over the linear 

programming formulation as a class to verify that all students had the correct formulation 

before graphing the feasible region. By the end of the seventh lesson, Kimberly expected all 

groups to have completed all 42 in-text questions. If the students did not finish all questions 

by this time, they had to come in before or after school to finish. As with the other MDM 

problems, Kimberly followed the text extremely closely when implementing the Computer 

Flips problem and, again, her content fidelity was high.  

Hence, with the exception of the SAT warm-up, Kimberly was generally faithful to 

the MDM authors’ intentions. Table 4.12 shows that only one segment had low content 

fidelity and Table 4.13 shows that only 10 minutes had low content fidelity when the SAT 

warm-up segments were removed. During this one 10-minute segment, Kimberly reviewed 

the previous night’s homework assignment, which involved graphing linear inequalities. The 

problems on this homework assignment contained no contexts; they were developed to help 

students review their algebra skills. Other than this one segment, Kimberly was faithful to the 

MDM curriculum content after removing the SAT warm-up segments (12 of the 13 segments 
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had high content fidelity in Table 4.12; 285 minutes of the 295 minutes had high content 

fidelity in Table 4.13). Therefore, Kimberly had high content fidelity for the majority of the 

observed lessons. 

 Presentation fidelity. Kimberly showed a wide range of presentation fidelity. She had 

many instances where indicators were not observed, but she also had several instances where 

indicators were exemplary, as seen in Tables 4.10 and 4.11. The number of segments and the 

total time that were labeled as “not observed” decreased when the SAT warm-up segments 

were removed, as seen in Tables 4.14 and 4.15. These labels are explained further in this 

section. 

 Higher order thinking. There was generally evidence of higher order thinking in 

Kimberly’s lessons. In her overall lessons, 16 of the 20 segments and 320 of the 345 minutes 

were labeled as “observed”, and without the SAT warm-up, 9 of the 13 segments and 270 of 

the 295 minutes were labeled as “observed”. Students were given opportunities to transform 

new information and ideas while working through the text in groups, and Kimberly asked 

questions that encouraged the students to synthesize, generalize, explain, interpret, and make 

conclusions. Therefore, Kimberly’s instructional techniques of group work, extensive use of 

the curriculum, and deep questioning allowed students to use higher order thinking.  

However, there was little to no evidence that the students went beyond this level of 

thinking; thus, there were no instances that were labeled as “exemplary”. Moreover, there 

were four segments (25 minutes) when higher order thinking was not observed. In these 

cases, the teacher lectured or reviewed previous skills; these techniques did not allow for 
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higher order thinking to be observed. Generally, though, Kimberly’s observed lessons 

showed evidence of Kimberly encouraging higher order thinking. 

 Understanding. Typically, Kimberly’s students showed understanding of the 

mathematical content. In her overall lessons, 17 of the 20 segments and 330 of the 345 

minutes were labeled as “observed”, and without the warm-up, 10 of the 13 segments and 

280 of the 295 minutes were labeled as “observed”. Like the Higher Order Thinking 

indicator, the Understanding indicator was observed when students worked through the 

MDM materials in groups and when the teacher asked deep questions. For example, when the 

students completed the iTunes problem in groups, they showed evidence of understanding by 

combining their knowledge of algebra with the word problem to analyze a solution. On the 

other hand, this indicator was not observed during three segments (15 minutes) in which the 

teacher lectured or when the students were off task. Thus, there were a few segments where 

understanding was not observed, but it was observed for the majority of the lessons. 

Substantive conversation. Kimberly showed very strong evidence of the Substantive 

Conversation indicator. In her overall lessons, 13 of the 20 segments and 90 of the 345 

minutes were labeled as “observed”; seven segments and 255 minutes were labeled as 

“exemplary”. In the 13 segments not including the warm-ups, six were labeled as “observed” 

(40 of the 295 minutes) and seven were labeled as “exemplary” (255 of the 295 minutes). 

Therefore, the Substantive Conversation indicator was observed, but never exemplary, during 

the SAT warm-ups. When Kimberly devoted her instruction to the MDM curriculum, she 

tended to show exemplary evidence of this indicator.  
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There were no instances when this indicator was not observed. Even when lecturing, 

the teacher brought students into the discussion by asking questions. On several occasions, 

there was exemplary evidence of substantive conversation because Kimberly so often utilized 

group work. A typical comment I made in my field notes was: “Students worked well in 

groups. The teacher walked around, asking and addressing questions, and pushing students’ 

thinking.” Therefore, this indicator was observed or exemplary for all segments. 

Knowledge as problematic. This indicator refers to an understanding of knowledge 

not as a fixed body of information but rather as being constructed. When considering the total 

number of segments, 8 of the 20 segments and 260 of the 345 minutes were labeled as 

“observed”; and 12 of the 20 segments and 85 of the 345 minutes were labeled as “not 

observed”. When the SAT warm-up segments were removed, there were still eight segments 

labeled as “observed” (260 out of 295 minutes), but now only five segments were “not 

observed” (35 out of 295 minutes). This means that the majority of the “not observed” 

segments occurred during the SAT warm-ups.  

Generally, knowledge was presented as a fixed body of information during the SAT 

warm-ups and when Kimberly went over answers to homework or classwork problems. 

There were many segments when this was the case. For example, the SAT warm-up 

questions all had one correct answer and, often, one correct way to obtain that answer. On the 

other hand, students were given the opportunity to construct their own knowledge and see 

outside influences and implications when they worked through the MDM curriculum in 



167 
 
 
 

 

groups. For example, the in-text questions presented in the Computer Flips problem showed 

that knowledge is constructed and problematic.  

Overall, the indicator was not observed when discussing non-MDM content or when 

the focus of the instruction was on correct answers; it was observed when students worked 

through the MDM materials. Hence, content fidelity seemed to be connected to presentation 

fidelity because the indicator was not observed when content fidelity was low and it was 

observed when content fidelity was high.  

Metalanguage. In Kimberly’s overall lessons, the Metalanguage indicator was 

observed in 9 of the 20 segments (195 of the 345 minutes) and was not observed in 11 of the 

20 segments (150 of the 345 minutes). When the SAT warm-up segments were removed, this 

indicator was observed the majority of the time (7 out of 13 segments and 185 out of 295 

minutes were “observed”; 6 out of 13 segments and 110 out of 295 minutes were “not 

observed”). Therefore, there was again a connection between Kimberly’s content fidelity and 

her presentation fidelity because this indicator was observed more often when she used the 

MDM curriculum. 

Furthermore, this indicator was sometimes difficult to identify, especially when 

students were working in groups and I could not hear their discussions. For example, when 

students were developing the feasible region for the Computer Flips problem, the teacher and 

the students most likely discussed the vocabulary and proper ways to graph linear 

inequalities. However, I was unable to hear this conversation, and so this indicator was 

labeled “not observed” during segments such as this. Without directly identifying the 
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indicator, I could not label it as “observed”. Thus, it is possible that the number of observed 

segments could be greater, but, as it currently stands, there was evidence of this indicator 

both being observed and not observed throughout Kimberly’s lessons. 

Social support. There was strong evidence for a general atmosphere of mutual respect 

and support between the teacher and students and among students. In the overall lessons, 17 

of the 20 segments (230 of the 345 minutes) were labeled as “observed”, and the remaining 

three segments (115 of the 345 minutes) were labeled as “exemplary”. When the SAT warm-

up segments were removed, 10 of the 13 segments (180 of the 295 minutes) were 

“observed”, and three (115 of the 295 minutes) were “exemplary”. 

There were no segments labeled as “not observed” for this indicator. Typically, this 

indicator was labeled as “observed” when there was clear evidence of respect between 

Kimberly and the students. It was labeled as “exemplary” when there was clear evidence of 

respect between Kimberly and the students and among the students. These exemplary cases 

generally occurred during group work. An example of this is shown in my field notes when I 

stated, “There was a strong atmosphere of respect as students worked together and with the 

teacher to complete part of the Computer Flips problem.” Therefore, the Social Support 

indicator was present, and sometimes exemplary, in all of Kimberly’s observed lessons. 

Academic engagement. Kimberly showed strong evidence of the Academic 

Engagement indicator as well. In her overall lessons, 15 of the 20 segments (175 of the 345 

minutes) were labeled as “observed”, and the remaining five segments (170 of the 345 

minutes) were labeled as “exemplary”. Of the 13 segments that did not include the SAT 
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warm-up, eight (125 of the 295 minutes) were “observed” and five (170 of the 295 minutes) 

were “exemplary”.  

Generally, students were engaged and on task throughout each observed lesson; they 

asked and answered questions, discussed the mathematical content with one another, and 

contributed to group activities. The Academic Engagement indicator was observed the 

majority of the segments and exemplary the rest of the segments. The segments that were 

labeled as “exemplary” occurred during the group work each day. Consistently, the group 

work led to strong student engagement. The remainder of the time was spent on individual 

work and whole-class discussions. Students were engaged in these portions of the lessons as 

well but not to the same extent as during group work. 

Technology. Technology was not required in any of the observed lessons. 

Occasionally, students used calculators for arithmetic, but this was the extent of the 

technology use. Kimberly was observed during her implementation of problems from the 

MDM curriculum where the authors did not mention technology. The first mention of 

technology comes in the following problem context in the curriculum (Section 2.2: 

SK8MAN, Inc.), which was not observed. Therefore, based on the observed MDM problems, 

the Technology indicator was never applicable. 

Inclusivity. The Inclusivity indicator refers to the acknowledgement, support, and 

incorporation of the diversity of students’ backgrounds, experiences, and abilities. In 

Kimberly’s overall lessons, half of the segments were labeled as “not observed” (10 out of 

20) and half were labeled as “observed” (9 out of 20) or “exemplary” (1 out of 20). When 
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considering the total time of 345 minutes, 70 minutes were “not observed”, 270 minutes were 

“observed”, and five minutes were “exemplary”. When the SAT warm-up segments were 

removed, five segments (35 out of 295 minutes) were “not observed”, seven (255 out of 295 

minutes) were “observed”, and one (5 out of 295 minutes) was “exemplary”. That is, 

Kimberly showed a range of labels for this indicator, but when considering the total time and 

when considering only the segments devoted to MDM topics, this indicator was clearly 

observed. 

Often, there was no clear evidence of intentional inclusivity. However, there were 

also several instances where the teacher made sure to include students’ diversity in her 

instruction. In one case, when Kimberly was discussing a homework assignment where 

students were asked to solve a larger version of the Lego problem, she made sure to include 

different students’ methods and opinions. This technique showed clear evidence of Kimberly 

incorporating inclusivity into her classroom.   

Knowledge integration. The Knowledge Integration indicator, which refers to 

connecting two or more sets of subject area knowledge, was observed in 11 of the 20 overall 

segments (280 of the 345 minutes) and was not observed in 9 of the 20 overall segments (65 

of the 345 minutes). In the 13 segments that did not include the SAT warm-up, there were 

still 11 segments that were labeled as “observed” (280 of the 295 minutes), but now only two 

segments were “not observed” (15 of the 295 minutes). Generally, the MDM materials 

connect math with other subject areas, such as business, reading, or technology. Thus, when 

a teacher implements the curriculum closely, he or she tends to integrate knowledge.  
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Kimberly occasionally focused on correct answers or on reviewing previous skills, 

and she used an SAT warm-up each day that did not connect math with any other subject. 

During these instances, this indicator was not observed. For the majority of the segments, 

though, Kimberly used the MDM curriculum and thus connected math with other subject 

areas. 

Background knowledge. Many opportunities were provided for students to make 

connections between their own background knowledge and the topics, skills, and 

competencies they were studying and acquiring. These connections were made while the 

students completed the SAT warm-up that reviewed previous skills and while the students 

worked through the MDM curriculum that required them to use skills and knowledge from 

previous courses. In Kimberly’s overall lessons, 19 of the 20 segments (340 of the 345 

minutes) were labeled as “observed”, and the remaining five-minute segment was labeled as 

“not observed”. Of the 13 segments that did not include the SAT warm-up, 12 were 

“observed” (290 of the 295 minutes), and the remaining five-minute segment was “not 

observed”. Therefore, the SAT warm-up did not decrease Kimberly’s presentation fidelity 

when it came to the Background Knowledge indicator. 

For example, the SAT warm-up one day was the following:  

The length of rectangle S is 20 percent longer than the length of rectangle R, and the 

width of rectangle S is 20 percent shorter than the width of rectangle R. The area of 

rectangle S is: 

A. 20% greater than the area of rectangle R 
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B. 4% greater than the area of rectangle R 

C. equal to the area of rectangle R 

D. 4% less than the area of rectangle R 

E. 20% less than the area of rectangle R 

During this warm-up, students were expected to draw on their knowledge of geometry, 

percentages, and algebra. In addition, when solving problems in the MDM curriculum, like 

the Computer Flips problem, students needed to use their background knowledge, such as 

writing inequalities and graphing, to answer questions. Therefore, there was evidence of the 

Background Knowledge indicator in most of the segments, regardless of the content being 

discussed. 

Connectedness to the world. Kimberly’s lessons tended to make a connection to the 

wider social context within which students live. This indicator was observed in 11 of the 20 

overall segments (280 of the 345 minutes) and was not observed in 9 of the 20 overall 

segments (65 of the 345 minutes). In the segments devoted to MDM topics, 11 of the 13 

segments (280 of the 295 minutes) were labeled as “observed” and the remaining two 

segments (15 of the 295 minutes) were labeled as “not observed”.  

As with other indicators, the Connectedness to the World indicator was observed 

when students worked directly with the MDM curriculum, but it was not observed during the 

SAT warm-ups or during discussions that emphasized correct answers or previous skills. 

Thus, there were a number of segments that did not connect to students’ lives, but the 

majority of them did. 
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Problem-based curriculum. For this last indicator, five of the overall segments were 

labeled as “exemplary”, seven were “observed”, and eight were “not observed”. Moreover, 

when considering the total times of the segments, 205 minutes were “exemplary”, 80 minutes 

were “observed”, and 60 minutes were “not observed”. After removing the SAT warm-up 

segments, five segments (205 minutes) were “exemplary”, six segments (75 minutes) were 

“observed”, and two segments (15 minutes) were “not observed”. 

The Problem-Based Curriculum indicator refers to a curriculum in which students are 

presented with specific practical, real, or hypothetical problems to solve, where the 

mathematics is interpreted in the context of the problem. During the SAT warm-ups or when 

reviewing previous skills, this indicator was not observed because these instances did not 

include any problems to solve. For the rest of the time, Kimberly’s students worked with the 

MDM materials, where they were presented with real problems to solve. Moreover, 

Kimberly devoted a great deal of time to pushing students to think beyond the solution within 

the context of the problem. In these cases, this indicator was labeled as “exemplary”. For 

example, the Computer Flips problem came from the MDM textbook, and so it is problem-

based and real-life. In addition, Kimberly pushed students to think beyond the graph by 

answering in-text questions and by answering her questions as she walked around. Therefore, 

the Problem-Based Curriculum was, at minimum, observed in Kimberly’s classes, and often, 

it was exemplary. 

Therefore, Kimberly, like Terri, showed a range of implementation fidelity levels. 

Unlike Terri, though, Kimberly utilized the MDM curriculum extensively, rarely utilizing 
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outside resources. Thus, Kimberly had high content fidelity. Furthermore, Kimberly’s 

Productive Pedagogies indicators were generally “observed” or “exemplary”, and so she also 

had high presentation fidelity. Overall, Kimberly seemed to adopt both the mathematical and 

the pedagogical intentions of the MDM authors. Hence, an appropriate categorization of 

Kimberly’s implementation would be thorough piloting. The categories that emerged in this 

study, such as this one, are discussed further in Chapter Six.  

Conceptions related to implementation fidelity. The most common conceptions 

that emerged from Kimberly’s interviews were her beliefs about teaching and her beliefs 

about students. Table 4.16 lists the codes that emerged from Kimberly’s interviews, where 

any code with only one instance was not included in the list but was included in the totals. 

Kimberly’s beliefs about curriculum, beliefs about math, and subject matter knowledge did 

not often emerge, and so they did not seem to play a large role in her instructional decisions. 

Consequently, I discuss Kimberly’s beliefs about teaching and beliefs about students in detail 

and only briefly discuss her other conceptions. See Appendix I for a description of the codes. 

Beliefs about students. Kimberly showed many conceptions about students. Most 

commonly, she discussed students’ struggles, either predicting where students would struggle 

before the lesson or mentioning where students struggled during the lesson. In addition, she 

often mentioned students’ backgrounds, accountability, and engagement.  
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Table 4.16 

Kimberly’s Interview Codes 

Conception Code Number of instances

Beliefs about Curriculum 
Positive about materials 2

Standard course of study 2

  Total 8

Beliefs about Math Multiple methods 2

  Total 4

Beliefs about Students 

Knowing where students will struggle 8

Student background 6

Student issues/struggles 5

Student accountability 4

Student engagement 4

Student confidence 3

Students working in groups 3

Students do not like math 2

  Total 40
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Table 4.16 Continued 

Beliefs about Teaching 

Group work 4

Time constraints/Timing 4

Multiple methods/solutions 3

Need to prepare students 3

Organize information 3

Reviewing previous skills 3

Students explaining/presenting 3

Confidence/Comfort as a teacher 2

Consistency/Flow 2

Experiencing 2

Hands-on 2

Need to “check in” with the students 2

Need to be prepared 2

Scaffolding 2

Student thinking/understanding 2

Students need to struggle/take risk 2

  Total 46
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Table 4.16 Continued 

Subject Matter Knowledge Confident in their knowledge 2

 Learning from the text 2

  Total 8

 

Kimberly’s most common beliefs about students were related to their issues and 

struggles. For example, Kimberly decided where students would struggle when preparing for 

the lesson, where her lesson preparation included reading the text and answering in-text 

questions. She explained, “I’ve worked through the problem. So I know what, you know, 

what the kids should be getting. I kind of have a feeling where they might get stuck.”  

Then, Kimberly would give specific instances of where students would struggle. In 

one case, she thought students would struggle with the excess information in a problem, as 

seen in the following quote: “They’ll be doing this problem, which I have a feeling they’re 

going to struggle because there’s a lot of extra information. There’s a lot of extra numbers, 

layers, and all this stuff that we don’t need to solve the problem.” She was also concerned 

with how students would handle subscripted variables: 

Students kind of always have issues with subscripts, using, you know, x1 and x2. I 

think they’ll be OK. And I’m debating whether or not to allow them to change that to 

x and y. I kind of don’t want them to. But then I don’t want that to be the issue that’s 

holding them back. So I’ll probably take it by a case-by-case basis. 
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In this example, she thought students would struggle with the subscripts, but she was not 

exactly sure how they would react. Thus, she made the decision to address the issue only if it 

emerged. In a final example, Kimberly revealed her concerns about students graphing: “I 

think with the actual graphing, there’s going to be some issues with that. Hopefully one 

person in their group will be able to help them, help everyone.” Here, Kimberly felt students 

would struggle with graphing, but the group members would be able to help one another. 

These examples typified her belief about students’ struggles and issues. 

In addition, Kimberly believed that students’ backgrounds played a role in their 

knowledge and understanding and also that students should be held accountable. While she 

sometimes mentioned students’ backgrounds, she typically did not spend much time 

reviewing previous skills. For example, she explained why she only briefly reviewed 

graphing inequalities with the students: 

I’m so glad I didn’t do a lesson on just notes on how to graph inequalities… because 

it would have bored me and it would have bored the kids. And it’s just like, because 

they did it in Algebra I. They did it in Algebra II. And I’m expecting them to already 

know. And if they rely on me re-teaching things all the time, they’re going to get in 

that habit of, every skill that we need, I’m going to reteach it. And I don’t want to 

reteach it. I want to remind them. I want to, ‘OK. Don’t forget that you have to flip 

the inequality sign.’ I don’t want to go through the, ‘Let’s see what happens when 

multiply by negatives. Oh!’ You know, like I do in Algebra I. I want it to be, I want 
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the expectation to be there that, ‘You have passed Algebra II. You are expected to 

have those skills.’ 

Therefore, Kimberly thought students should be held accountable for their previous 

knowledge and skills. 

 In the survey, there were no questions that directly related to beliefs about student 

struggles, students’ backgrounds, or student accountability. Thus, these conceptions could 

not be verified through Kimberly’s survey responses. However, Kimberly did occasionally 

mention that her students do not like math. This belief was observed in her interview 

responses and also in her survey responses, where she agreed with the statement, “Most of 

my students don’t enjoy math class very much” and disagreed with the statement, “Most of 

my students like doing math.” Therefore, there is some evidence of consistency in 

Kimberly’s interview and survey responses. 

 Connection to instructional decisions. Kimberly’s beliefs about students influenced 

her instructional decisions. For example, she believed students would struggle with various 

portions of her lessons. To address these issues, Kimberly asked certain questions or 

encouraged students to work in groups to help them think through the content themselves. 

While some teachers may have chosen to address the issues directly, Kimberly had students 

work through the issues on their own. This technique was consistent with the authors’ 

intentions, and so Kimberly’s belief about student struggles increased her presentation 

fidelity.  
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Furthermore, Kimberly believed that students should be held accountable for their 

background knowledge. She sometimes brought in outside resources to review previous skills 

(e.g., the daily SAT warm-up), which decreased her content fidelity, but her goal with this 

review was the “remind” students of their knowledge, not to reteach them the information. 

Besides the SAT warm-up, Kimberly rarely chose to bring in any outside resources that 

could be used to review previous skills and instead utilized the MDM curriculum extensively. 

This led to her having higher content fidelity.  

Kimberly also showed that she did not think her students liked math. However, there 

was little evidence of this conception influencing her instructional decisions. Therefore, the 

primary beliefs about students that influenced Kimberly’s instructional decisions were her 

beliefs about students’ struggles, beliefs about students’ backgrounds, and beliefs about 

student accountability. Generally, these beliefs increased her implementation fidelity.  

Beliefs about teaching. Kimberly’s beliefs about teaching were the most common 

conceptions discussed during her interviews. However, there were few overarching codes 

within this construct that she consistently mentioned. Here I discuss a few of Kimberly’s 

beliefs about teaching and how they relate to her instructional decisions. 

 One belief Kimberly discussed a few times was the importance of group work. She 

explained that the continual use of group work was a “teaching philosophy”. She stated, “I 

personally believe group work, cooperative learning, is one of the better ways to solve 

problems.” In addition, according to Kimberly’s survey responses, she strongly agreed with 

the statement, “Students learn best when working in small groups or doing discussion in 
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small groups.” She elaborated on this idea when discussing routines in her classroom. She 

said,  

I always think routine is important for children. I mean, I love routine. Like, knowing 

exactly what’s going to happen is helpful for me. And so, for students who are trying 

to figure out who they are and figuring out what part they’re going to play in the 

world, I think it’s important to have some type of structure. And so, every day is 

going to be the same. Start with the warm-up first. It’s going to be displayed on the 

board. Start with the warm-up and then, the lesson. And how I do the lesson is going 

to be a little bit different per day, you know. And I value group work. It’s part of my 

teaching philosophy. I think if you can’t learn to work with people, you’re going to 

have a very hard time in life. And so just realizing that... And also realizing that 

people who aren’t the same as you still have good ideas. And I really like it in the 

AFM class because these are all kids whose math is not their favorite subject. That’s 

why they’re in AFM as opposed to pre-calculus. But they’re finding that, ‘OK. I can 

help you in this, with this skill, but later on, you can help me with this one because 

that’s something you have strengths in.’ And even though they’re not having those 

conversations of like, ‘Oh, this is my weakness; oh this is my strength,’ they’re 

realizing that their group members are helpful. And it also gives them a little bit of 

confidence if they can help a group member. It’s like, ‘OK. I do kind of know a little 

more about math than I thought I did.’ So, I really like that aspect of the group work, 

besides just the content knowledge. 
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From this quote, there is evidence of many of Kimberly’s beliefs. For example, Kimberly 

thinks group work is an important part of instruction because students need to learn how to 

work with others and because everyone has different strengths. Furthermore, she believes 

having a consistent routine is important in the classroom. Another way to consider the 

routines in Kimberly’s classroom is to look at the social norms she had established. In her 

survey, Kimberly showed her opinion about social norms by strongly agreeing with the 

statement, “Teachers should negotiate social norms with the students in order to develop a 

cooperative learning environment in which students can construct their knowledge.” This 

belief aligned with the above quote.  

 Another conception that emerged from Kimberly’s interviews was her belief that she 

needs to prepare students. One way she was preparing students was through the SAT warm-

up each day. She explained, “I’m getting them ready… I’m going to keep doing SAT 

questions until that November test, just to get them thinking.” She also wanted to prepare 

students for life after this AFM course. For example, Kimberly discussed why she preferred 

students to explain a concept to one another than for her to explain it to them. She stated,  

It’s more real if a student is explaining it. I already know I know how to solve the 

problems. The goal is to get the students to know how to solve the problems. And so, 

if a student can explain it to another student, it just means that there’s a deeper 

understanding of the problem. It’s not just, ‘Oh. [Teacher] told me that’s the answer.’ 

It’s like, ‘OK. My classmate who I trust because I work with him every day is 

explaining the answer to me in a way and using language that I understand.’ And so 
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it’s definitely, I mean, the ultimate goal is for me to not have to explain anything 

really, I think… I can’t follow them when they become adults, especially in the class 

Advanced Functions and Modeling, where the goal is to become a better consumer, a 

better participant in the American society kind of thing. You know, being able to 

figure it out themselves, to be able to problem solve is going to be, I mean, that is the 

ultimate goal, I think, as a teacher. 

Here, Kimberly not only expressed her desire to prepare students to be productive citizens, 

but she also shared her belief about the importance of students presenting and explaining 

information and ideas to one another. This belief was verified in her survey responses, where 

she strongly disagreed with the statement, “It is not necessary for students to explain problem 

solutions to the class.” 

 Connection to instructional decisions. Kimberly’s beliefs about teaching influenced 

her instructional decisions. First, she utilized group work in each observed lesson. This was 

part of her “teaching philosophy” and it typically led to her having high presentation fidelity, 

as discussed earlier. Second, Kimberly discussed her beliefs about consistent routines and 

social norms in her classroom. Her desire to have “a cooperative learning environment in 

which students can construct their knowledge” often led to a high presentation fidelity rating. 

On the other hand, Kimberly included the SAT warm-up in her daily routines. This warm-up 

had low content fidelity because it was unrelated to the MDM curriculum, and it sometimes 

led to low presentation fidelity because, for example, there was no context involved with the 
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questions. Thus, sometimes these routines led to lower content and presentation fidelity 

levels. 

Third, Kimberly expressed a need to prepare students for future courses and for life. 

The content and the instructional strategies she used were often focused on this goal. For 

example, she brought in an SAT warm-up every day, which allowed her to prepare the 

students for an assessment that most of them would be taking. She also followed the MDM 

curriculum very closely because she believed the real-world contexts helped to prepare 

students for jobs and careers after high school. Therefore, from this belief, Kimberly had 

both low (i.e., including the SAT warm-up) and high (i.e., using the curriculum faithfully) 

content fidelity. In addition, because Kimberly believed she was preparing students for life, 

she encouraged them to work together and to explain their thinking throughout each observed 

lesson. These instructional strategies aligned well with the authors’ intentions; thus, her 

presentation fidelity was high.  

 In sum, Kimberly did not have any large, overarching beliefs about teaching that she 

consistently discussed. However, she had many beliefs about teaching that emerged and that 

played a large role in her instructional decisions and thus in her implementation fidelity. 

 Other conceptions. Kimberly occasionally mentioned the other conceptions (i.e., 

beliefs about curriculum, beliefs about math, and subject matter knowledge), but there were 

very few instances of these conceptions. Moreover, they did not seem to influence her 

instructional decisions as much as her beliefs about students and beliefs about teaching did. 

They are briefly discussed here. 
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 Beliefs about curriculum. Kimberly generally felt very positive about the MDM 

curriculum. For example, she stated,  

It makes perfect sense in an AFM class. You know, considering it’s ‘Advanced 

Functions and Modeling.’ Granted, linear programming isn’t necessarily advanced 

functions, but you’re definitely taking those linear equations to the next level. And, 

you know, we’re definitely modeling situations… And then, of course, using the 

modeling aspect of it, instead of just saying, ‘Oh, here’s two equations. Let’s graph 

them. Blah blah blah.’ But actually putting context behind them is going to be 

helpful. I think. 

Furthermore, in her survey responses, Kimberly thought “Joint, cooperative, or small group 

work” was one of the most important components of a curriculum, and this is something the 

MDM curriculum encourages. She also believed that one of the least important components 

of a curriculum was “Repeated examples or problems,” and the MDM curriculum does not 

focus on this component.  

Overall, Kimberly seemed very positive about the MDM curriculum and her beliefs 

seemed to align with the goals and philosophies of the curriculum. These beliefs most likely 

led to her implementing the curriculum closely to the authors’ intentions, but this was not 

made explicit during her interviews. 

Beliefs about math. Kimberly showed very few beliefs about math during her 

interviews. One of the few beliefs that emerged was that there are multiple methods for 

solving math problems. She sometimes emphasized this conception in her lessons because 
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she wanted to let “the students realize that there are multiples ways to go about solving 

problems.”  

In her survey responses, Kimberly showed some stronger beliefs about math. For 

example, she strongly agreed with the statement, “Mathematical problem solving can be a 

very creative activity.” She strongly disagreed with the statement, “Mathematics problems 

given to students should be quickly solvable in a few steps.” Her responses to the survey 

items aligned with the intentions of the MDM curriculum. Therefore, Kimberly’s beliefs 

about math could have increased her implementation fidelity. However, there was little 

evidence in her interview responses to verify this claim. 

Subject matter knowledge. Lastly, Kimberly’s subject matter knowledge was rarely 

discussed during her interviews. On a few occasions, Kimberly mentioned feeling confident 

in her knowledge, and she sometimes mentioned how she gained knowledge by working 

through the curriculum. On the survey, Kimberly correctly answered 11 out of 18 questions 

(approximately 61%). She responded “Not sure” or “I don’t know” on several of the items, 

especially those items covering content from other mathematical programming chapters like 

Sensitivity Analysis and Binary Programming. However, this was Kimberly’s first time 

teaching from the MDM curriculum, and much of the content was brand new to her. She 

learned the new materials by reading the text, answering in-text questions, and sometimes 

working with a colleague. Therefore, it is reasonable for her to be unsure about some of the 

content from the mathematical programming chapters she had not yet taught. 
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Although Kimberly may have lacked some subject matter knowledge, she seemed 

confident during the observed lessons. She stated, “If I come across something I don’t 

understand, I have multiple people that I can talk to. And I feel very comfortable telling 

students that, ‘Oh hold on. I don’t know that. Let me go check on that.’” Therefore, 

Kimberly’s confidence allowed her to feel comfortable asking questions and giving students 

independence, even when she lacked subject matter knowledge.  

The types of questions she asked and her continual use of group work led to high 

presentation fidelity in many cases. Furthermore, Kimberly’s lack of subject matter 

knowledge could have led her to use the text more closely because she may have lacked the 

ability to find outside resources or create additional resources (cf. Remillard & Bryans, 

2004). However, further data would need to be collected to verify this conjecture. Overall, 

Kimberly’s subject matter knowledge could have influenced her instructional decisions and 

thus her implementation fidelity, but more data would need to be collected to determine the 

extent of this influence. 

Conclusions. Kimberly showed a wide range of implementation fidelity, where she 

was sometimes not faithful and sometimes exemplary. Overall, though, she had relatively 

high content fidelity and high presentation fidelity.  

Her content fidelity was low when she included the SAT warm-up at the beginning of 

each class period. This choice was influenced by her belief about students’ backgrounds and 

her belief that she needed to prepare students. Kimberly had high content fidelity for the 

remainder of the lessons when students worked through the text. The choice to use the text 



188 
 
 
 

 

extensively was influenced by her belief that students should be held accountable and her 

belief that she needed to prepare students for life.  

Kimberly’s presentation fidelity was generally high, but it was sometimes low. The 

instances when her presentation fidelity was low were typically when students were working 

on the SAT warm-up or when Kimberly was going over the SAT warm-up. Thus, like her 

content fidelity, her presentation fidelity was decreased due to her choice to include this 

warm-up each day, and this choice was influenced by her belief about students’ backgrounds 

and her belief that she needed to prepare students. More often, though, Kimberly had very 

high presentation fidelity. Her presentation fidelity was increased due to her beliefs about 

student issues and struggles, her beliefs about group work, and her belief that she needed to 

prepare students. 

Overall, Kimberly showed a wide range of presentation fidelity and content fidelity 

levels, but she generally had high fidelity. Her beliefs about students and beliefs about 

teaching influenced her implementation fidelity. Her other conceptions may have played a 

role as well, but there was little evidence to determine the extent to which this occurred. 

Gina 

 Gina was in her 16th year of teaching. She taught some of the MDM chapters 

previously, but this was her first time implementing the observed chapter. Her school was on 

a block schedule, with four 85-minute classes each day. Gina was observed during her 

implementation of the Sensitivity Analysis chapter of the MDM curriculum. This chapter 

immediately follows the Linear Programming—Maximization chapter and emphasizes 
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analysis and interpretation of results using reports generated by Microsoft Excel, known as 

Answer and Sensitivity Reports. The Sensitivity Analysis chapter utilizes the same three 

problem contexts that were introduced in the Linear Programming—Maximization chapter, 

but it extends these contexts by focusing on (a) analysis of the problem context and 

formulation and (b) interpretation of the solution. During her observations, Gina 

implemented Section 3.1 (Computer Flips, a Junior Achievement Company), which draws 

connections between graphing and Microsoft Excel and informally introduces students to 

Answer and Sensitivity Reports, and the beginning of Section 3.2 (SK8MAN, Inc.), which 

more formally explores Answer and Sensitivity Reports. See Appendix A for the complete 

text for these sections of the curriculum.  

Data collection. Gina was observed three times during her implementation of the 

Sensitivity Analysis chapter. Two of these observed lessons were 85 minutes, but one 

observation took place on a day with an alternate schedule and was only 45 minutes. Gina 

participated in three pre-observation interviews, one post-observation semi-structured 

interview after the first observation, and one post-observation stimulated recall interview 

after the final observation. The data collection schedule is shown in Table 4.17. During her 

stimulated recall interview, she watched a total of eight clips, ranging from 25 seconds to two 

and a half minutes. 

Gina’s classroom. Gina had a very large classroom that accommodated the 33 

students in her AFM class. The desks were arranged in pairs for the first two observations 

and in groups of four for the last observation. Gina wrote an objective for the class on the 
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front board each day. There were mathematical posters hanging on the walls but not very 

many. The teacher had her computer hooked up to a SMART Board at the front of the room. 

Each day, two laptop carts were brought into the classroom and placed on the side of the 

room; these carts contained enough computers for each pair of students to have one. A 

cabinet with the MDM textbooks was located next to the laptop carts, and there were enough 

books for each student to have his or her own. Students retrieved books from the cabinet at 

the beginning of each class and brought them back at the end of class.  

 

Table 4.17 

Data Collection Details for Gina 

Date and Length Of Pre-

Observation Interview 

Date Of 

Observation 

Date, Type, and Length Of Post-

Observation Interview 

10/10/2011 (13 min.) 10/11/2011 10/11/2011 Semi-structured (27 min.) 

10/11/2011 (11 min.) 10/12/2011  

10/12/2011 (13 min.) 10/13/2011 10/14/2011 Stimulated Recall (38 min.) 

 

 Each observed lesson began with the students acquiring computers from the laptop 

carts, starting them, and opening Microsoft Excel. This often took several minutes. Then, 

because the observed class was the last period of the day, the computer batteries often died 

and students had to get new computers from the carts throughout the lesson. Students shut 

down the computers and brought them back to the carts at the end of the period. In all, 
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approximately 20 minutes of each class period was spent acquiring, starting, and shutting 

down computers. 

 The instructional time included a combination of lecture, whole-class discussions, 

independent work, and group work. For the majority of the instructional time, Gina led a 

whole-class discussion while students were on computers. Gina followed the text closely, and 

she had the students write down answers to the in-text questions on a sheet of paper that they 

later turned in for a grade. 

Implementation fidelity. Gina’s content fidelity was extremely high because she 

never brought in outside materials and only slightly modified the MDM curriculum. Her 

content fidelity is detailed in Table 4.18, which shows the number of segments with faithful 

(high) content fidelity and the number of segments with non-faithful (low) content fidelity, 

and Table 4.19, which shows the total number of minutes that were labeled as faithful or not 

faithful. Gina’s presentation fidelity was also high, but it was not exemplary. Her 

presentation fidelity is shown in Table 4.20, which shows the Productive Pedagogy 

indicators, the total number of segments labeled as exemplary, observed, not observed, or not 

applicable for each indicator, and Table 4.21, which shows the Productive Pedagogy 

indicators and the total number of minutes that were labeled as exemplary, observed, not 

observed, or not applicable for each indicator. See Appendix C for a description of the 

indicators. 
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Table 4.18 

Gina’s Content Fidelity Results by Number of Segments 

 Number of Segments Not Faithful Number of Segments Faithful 

Content Fidelity 0 16 

 

Table 4.19 

Gina’s Content Fidelity Results by Time (in Minutes) 

 Total Minutes Not Faithful Total Minutes Faithful 

Content Fidelity 0 185 

 

Content fidelity. Gina’s content fidelity was high because she followed the MDM 

curriculum very closely. During each observed lesson, students had textbooks open on their 

desks, and Gina led the class through the text using a combination of reading, lecture, whole-

class discussion, and group work. 

On the first day, Gina introduced Section 3.2 (Computer Flips, a Junior Achievement 

Company). Since students had already seen this context and solved the problem in the 

previous chapter, Gina immediately asked students to type the problem formulation into 

Microsoft Excel and solve it; she did not spend time reviewing these topics. Then, the rest of 

the class period was spent reading the text and answering the first eight in-text questions. 
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Table 4.20 

Gina’s Presentation Fidelity Results by Number of Segments 

Productive Pedagogy 

Indicators 

Number of 

Segments 

Exemplary 

Number of 

Segments 

Observed 

Number of 

Segments Not 

Observed 

Number of 

Segments 

Not 

Applicable 

Higher order thinking 0 11 5 0 

Understanding 0 12 4 0 

Substantive conversation 0 13 3 0 

Knowledge as problematic 0 11 5 0 

Metalanguage 0 11 5 0 

Social support 0 14 2 0 

Academic engagement 0 14 2 0 

Technology 0 15 1 0 

Inclusivity 0 6 10 0 

Knowledge integration 0 13 3 0 

Background knowledge 0 15 1 0 

Connectedness to the world 0 12 4 0 

Problem-based curriculum 0 13 3 0 
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Table 4.21 

Gina’s Presentation Fidelity Results by Time (in Minutes) 

Productive Pedagogy 

Indicators 

Total 

Minutes 

Exemplary 

Total 

Minutes 

Observed 

Total Minutes 

Not Observed 

Total 

Minutes 

Not 

Applicable 

Higher order thinking 0 145 40 0 

Understanding 0 150 35 0 

Substantive conversation 0 160 25 0 

Knowledge as problematic 0 140 45 0 

Metalanguage 0 135 50 0 

Social support 0 165 20 0 

Academic engagement 0 165 20 0 

Technology 0 180 5 0 

Inclusivity 0 75 110 0 

Knowledge integration 0 150 35 0 

Background knowledge 0 175 10 0 

Connectedness to the world 0 140 45 0 

Problem-based curriculum 0 150 35 0 
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Generally, a student read the text, and then the teacher asked in-text questions. Sometimes, 

the students worked in pairs to answer the questions, and other times, Gina asked the whole 

class the questions. In either case, the teacher went over the answers to the questions as a 

whole class. This problem context requires technology, and each pair of students had a 

computer. In addition, either Gina or a student made changes to the spreadsheet projected on 

the SMART Board at the front of the room, and the rest of the class made the same changes 

to their own individual spreadsheets. Therefore, the content of Gina’s implemented lesson 

strongly aligned with the authors’ intended lesson. 

The second observed lesson took place on a shortened period; this period was only 45 

minutes, while a typical period was 85 minutes. Therefore, Gina was not able to get through 

as much of the text on this day as she normally would. She used the same techniques as the 

previous day as she continued the content of the Computer Flips problem. However, she 

skipped two of the in-text questions that discussed graphing and parallel objective functions 

because these concepts built upon ideas from the previous chapter, and Gina had skipped this 

portion of the previous chapter. She showed students a graph of the feasible region and the 

objective function, and she led a class discussion that covered the material in the questions 

that she skipped. Therefore, she was still faithful to the content of the chapter, but students 

did not seem to gain a very deep understanding of the concepts, particularly the connections 

between the graphs and the reports generated by Microsoft Excel. 

On the third and final observation, Gina completed the Computer Flips problem and 

began the SK8MAN problem. She used the same instructional techniques as she had used 
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during the previous lessons to cover the final in-text questions of the Computer Flips problem 

and to introduce the SK8MAN problem. Gina began the SK8MAN problem by asking 

students to “fix” the spreadsheet they had created in the previous chapter for this problem 

context. Gina’s students had seen the SK8MAN problem in the Linear Programming—

Maximization chapter, and at that time, they had altered the linear programming formulation 

based on a class discussion they had. When the problem re-emerged in the next chapter, Gina 

asked the students to go back to their linear programming formulation and change what they 

had done previously so that it aligned with the text. After they set up their spreadsheets, Gina 

led the students through the text, while a student made appropriate changes to the spreadsheet 

projected on the SMART board, and the rest of the students made these changes on their own 

individual spreadsheets.  

Thus, Gina used the MDM curriculum in all of her segments, and she never brought 

in outside materials. She followed the text closely, had her students answer most of the in-

text questions, and rarely strayed from the written content. Overall, she had very high content 

fidelity. 

 Presentation fidelity. Gina also had consistently high presentation fidelity. Most 

indicators were labeled as “observed” for the majority of the segments. However, none of the 

indicators were labeled as “exemplary” for any segment. Each of the indicators is discussed 

in detail. 

 Higher order thinking. There was generally evidence of higher order thinking during 

Gina’s lessons, with 11 of the 16 segments (145 of the 185 minutes) labeled as “observed”, 
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and 5 of the 16 segments (40 of the 185 minutes) labeled as “not observed”. Students 

contributed to the lesson during group work and whole-class discussions, and higher order 

thinking was observed in the students’ comments and questions. In one instance, the students 

were working to understand a concept known as Allowable Increase, which is an important 

component of Sensitivity Reports that tells the user how much they can increase an available 

resource or a profit amount without changing the solution. Gina used a combination of 

questions and demonstrations, which required the students to make connections and 

synthesize, to get them to understand this concept. However, in these observed instances, 

only some of the students showed evidence of higher order thinking. Thus, no segment was 

labeled as “exemplary” because it was unclear how many students were actually using higher 

order thinking. 

 Furthermore, five segments were labeled “not observed”. This typically occurred 

when Gina lectured or when she reviewed or assessed knowledge and skills. For example, 

one segment was labeled as “not observed” because it focused only on assessing the students’ 

knowledge of the Answer Report, and there was no evidence of students transforming any 

information or ideas. While there were some instances where higher order thinking was not 

observed, most of Gina’s lessons showed evidence of this indicator. 

 Understanding. Like the Higher Order Thinking indicator, the Understanding 

indicator was observed for most segments (12 out of 16 segments; 150 out of 185 minutes) 

and not observed for the remaining segments (4 out of 16 segments; 35 out of 185 minutes). 

There were no instances when all students, or even the majority of the students, showed 
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evidence of understanding, and so this indicator was never labeled as “exemplary”. 

Typically, this indicator was observed during whole-class discussions and during group 

work. It was not observed during lecture or review. For example, I wrote in my field notes 

about a segment where understanding was not observed,  

During this segment, the teacher told students how to generate reports in Excel and 

gave the students a brief introduction for the Sensitivity chapter. Students were not 

really involved (with the exception of the student who read), so they were not really 

given the opportunity for understanding to occur. 

Because students were not involved with the lesson at this point, there was no evidence of 

understanding. One student read a portion of the text out loud for the class, but this did not 

show evidence of mathematical understanding. Generally, though, there was evidence of 

understanding because the majority of the class time was spent on whole-class discussions or 

group work. 

Substantive conversation. Again, because Gina devoted the majority of the class time 

to whole-class discussions and group work, there were many opportunities for substantive 

conversation. This indicator was observed in 13 of the 16 segments (160 out of 185 minutes) 

and not observed in the remaining three segments (25 out of 185 minutes). There were no 

instances when this indicator was labeled “exemplary” because at no time did it appear that 

all, or even most, students were contributing to the lesson. During whole class discussions, 

only a few students contributed. During group work, many students were off task or 

disengaged in the lesson. Thus, although the Substantive Conversation indicator was 
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observed for the majority of the time, it was not ever considered exemplary, and it was 

sometimes not observed at all. 

Knowledge as problematic. This indicator refers to knowledge as being constructed 

and hence subject to outside influences and implications. During Gina’s observed lessons, 

this indicator was observed the majority of the time (11 out of 16 segments; 140 out of 185 

minutes) because she followed the MDM curriculum so closely. The MDM curriculum, and 

particularly the Sensitivity Analysis chapter, emphasizes constructed knowledge that requires 

interpretation and analysis due to political, economic, or social influences and implications. 

Thus, Gina’s high content fidelity led to the Knowledge as Problematic indicator being 

observed. This can be seen in the following quote from my field notes: “There was some 

evidence of knowledge as problematic because the class was working on the Sensitivity 

chapter, which focuses on how information is subject to outside influences and implications.”  

However, there were five segments (45 minutes) when Gina focused on correct 

answers or on “rules” for students to follow. During these times, this indicator was not 

observed. Moreover, Gina never pushed students to construct their knowledge or to think 

about outside influences and implications beyond what was given in the text; thus, this 

indicator was never labeled “exemplary”. For the majority of Gina’s lessons, though, the 

Knowledge as Problematic indicator was observed.  

Metalanguage. The Metalanguage indicator was observed in most of the segments 

(11 out of 16 segments; 135 out of 185 minutes). The Sensitivity Analysis chapter includes 

many new vocabulary words and the technology in the chapter requires proper syntax. 
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Therefore, Gina was often observed discussing mathematical vocabulary or technological 

syntax during the lessons, with only five segments (50 minutes) that contained no evidence 

of Metalanguage.  

Social support. There was a general atmosphere of respect between Gina and her 

students and among students, with 14 of the 16 segments (165 of the 185 minutes) labeled as 

“observed”. This was most often observed during whole-class discussion and group work. 

The students were typically attentive to the teacher, they asked and answered questions, and 

they worked well in small groups or independently. 

On the other hand, there were a few instances during the first observed lesson when 

the teacher did not show respect towards the students. On this day, the school building was 

extremely warm because it was a hot day and the air conditioning was not working properly. 

According to Gina, this led to the teacher and the students having little patience for one 

another. There were two segments in particular where the teacher yelled at and reprimanded 

a number of students who then became angry or inattentive. During these segments, I 

commented in my field notes, “The teacher did not seem to respect the students, and the 

students did not show respect for the teacher in turn.” This was not the typical level of 

respect in Gina’s classroom, but it represented instances where this indicator was not 

observed. For the majority of the time, though, the Social Support indicator was observed. 

Academic engagement. Students seemed to be engaged and on task for most of the 

segments. Of the 16 segments, 14 were labeled as “observed”, and the remaining two were 

labeled as “not observed”; of the 185 minutes, 165 were “observed” and 20 were “not 
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observed”. As with other indicators, the Academic Engagement indicator was most often 

observed when Gina incorporated whole-class discussion and group work into her lesson. 

Generally, students seemed relatively engaged as they answered the teacher’s questions and 

then worked in pairs to complete in-text questions. However, there were always some 

students off task or disengaged in the mathematical content. Thus, there were no segments 

labeled as “exemplary”.  

In addition, there were occasionally times when the teacher lectured or when the 

students did not do what was asked of them and instead chose to put their heads down or talk 

socially with their classmates. During these times, this indicator was not observed. The 

majority of the time, though, there was evidence of academic engagement. 

Technology. The Technology indicator was consistently observed in Gina’s 

classroom, with 15 of the 16 segments (180 of the 185 minutes) labeled as “observed”. Her 

students always had computers on their desks, and they worked through the text, making the 

described changes in their spreadsheets. Although the students were not always engaged with 

the mathematical content, Gina consistently encouraged the use of technology and 

interpretation of results. There was only one instance when this indicator was not observed 

and no instances where it was not applicable. 

Inclusivity. The Inclusivity indicator was the only one that was not observed more 

often than it was observed. Of the 16 segments, six were labeled as “observed” and 10 were 

“not observed”; of the 185 minutes, 75 were “observed” and 110 were “not observed”. Gina 

sometimes included classroom practices that acknowledged, supported, and incorporated 
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students’ diversity, but this was not typical. Often, the only evidence of inclusivity was the 

use of group work, as seen in the following comment from my field notes: “The only 

evidence of inclusivity was students working in groups, which allowed them to build on each 

other’s strengths.” The other times that inclusivity was observed was when Gina asked a 

student to come up to the teacher’s computer and make changes as the class discussed them. 

Gina regularly asked this particular student to demonstrate the instruction on the front 

computer that was hooked up to the SMART board because this student had a strong 

computer background and was able to follow the instructions quickly and correctly.  

Overall, the only evidence of inclusivity was observed during group work and when a 

student was chosen to demonstrate the instruction in front of the class. Even in these cases, 

the level of inclusivity was not very high. The remainder of Gina’s segments did not include 

any evidence of this indicator. 

Knowledge integration. This indicator was observed the majority of the time (13 out 

of 16 segments; 150 out of 185 minutes) because Gina worked so closely with the MDM 

curriculum. The problem contexts in the curriculum connect math with other subject areas 

such as business and technology. Since Gina used the materials so faithfully, there was 

naturally evidence of the Knowledge Integration indicator. Thus, Gina’s high content fidelity 

led to high presentation fidelity in regards to the Knowledge Integration indicator. 

The three segments (35 minutes) where this indicator was not observed were focused 

on technology or vocabulary without any context. For example, there was one segment in 

which the context connected math to technology and business, but Gina only focused on the 
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vocabulary during this segment. The majority of Gina’s lessons showed evidence of this 

indicator, though, with only some segments lacking evidence and none exceeding 

expectations. 

Background knowledge. Gina generally expected students to draw on their 

background knowledge from previous courses and, particularly, from the previous chapter 

during the observed lessons. She showed evidence of the Background Knowledge indicator in 

15 of the 16 segments (175 of the 185 minutes). As mentioned earlier, the Sensitivity 

Analysis chapter immediately follows and builds upon the Linear Programming—

Maximization chapter. In the MDM curriculum, students are expected to use their knowledge 

of linear programming when learning about sensitivity analysis. Because Gina taught the 

Linear Programming—Maximization chapter first and because she followed the curriculum 

so closely, there were many opportunities for students to draw on their previous knowledge. 

Consequently, this indicator was observed for almost all of the segments. Again, Gina’s high 

content fidelity increased her presentation fidelity. 

Connectedness to the world. This indicator was typically observed during Gina’s 

lessons (12 out of 16 segments and 140 out of 185 minutes were “observed”) because, again, 

she followed the MDM curriculum so closely. The curriculum attempts to show students how 

mathematics connects to the wider social context in which they live. Therefore, by following 

it so closely, Gina’s lessons connected to the world.  

During four segments (45 minutes), though, the context was missing. That is, Gina 

would introduce the context and interpret the solution within the context, but sometimes the 
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context was lost in between when she was focusing on technology, vocabulary, or non-

contextual mathematics. For example, I made the following comment in my field notes: 

“Although the Computer Flips problem is contextual, this context was not mentioned during 

this segment.” Generally, though, this indicator was observed in the majority of Gina’s 

lessons.  

Problem-based curriculum. Gina consistently presented the students with real 

problems to solve because she used the MDM curriculum throughout the observed lessons. 

This indicator was observed in 13 of the 16 segments and 150 of the 185 minutes and not 

observed in the remaining three segments and 35 minutes. Like the Connectedness to the 

World indicator, the Problem-Based Curriculum indicator was not observed when the context 

was missing. During those segments, Gina was instead focusing on technology, vocabulary, 

or non-contextual mathematics. Typically, though, this indicator was observed.  

The Problem-Based Curriculum indicator would be labeled as “exemplary” if the 

teacher pushed students to think beyond the solution within the context of the problem. Gina 

did not have any segments labeled as “exemplary” because either she did not encourage 

interpretation within the context or because she gave the students too much information and 

did not allow them to interpret on their own. For example, during one segment, the students 

were starting to interpret the solution within the context, but Gina continued to give them a 

lot of explanation and did allow them to interpret and analyze for themselves. Therefore, this 

indicator was generally observed, but it was sometimes not observed and never exemplary. 
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Therefore, although Gina showed a range of implementation fidelity levels, she 

tended toward higher implementation fidelity.  She had high content fidelity, never using 

outside resources and rarely altering the content in any way. She also had high presentation 

fidelity, but it was never considered exemplary. Overall, Gina seemed to adopt both the 

mathematical and the pedagogical intentions of the MDM curriculum authors. Hence, like 

Kimberly, Gina’s implementation would be in the thorough piloting category. The categories 

that emerged in this study, such as this one, are discussed further in Chapter Six.  

Conceptions related to implementation fidelity. The most common conceptions 

that emerged from Gina’s interview data were her beliefs about students and her beliefs about 

teaching; her subject matter knowledge and beliefs about curriculum also emerged a number 

of times. However, Gina rarely showed any beliefs about math. There was only one instance 

that was coded for a belief about math (belief about the importance of math vocabulary); 

thus, this conception is not discussed in this section. Table 4.22 lists the codes that emerged 

from Gina’s interviews, where any code with only one instance was not included in the list 

but was included in the totals. See Appendix I for a description of the codes. 

Beliefs about curriculum. This conception rarely emerged during Gina’s interviews. 

In addition, when asked to “indicate how important you feel each of the following is in a 

curriculum, where 1—Least Important and 6—Most Important” on the survey, Gina did not 

feel strongly about any items. That is, she did not respond “1—Least Important” or “6—Most 

Important” on any survey item. Thus, she did not seem to have strong beliefs about 

curriculum. 
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Table 4.22 

Gina’s Interview Codes 

Conception Code 
Number of 

instances 

Beliefs about 

Curriculum 

Positive about materials 2

Versions of the text 2

  Total 10

Beliefs about Students 

Student engagement 12

Student Accountability 5

Positive about students 3

Students reading 3

Student Background 2

Student Issues/Struggles 2

Students have never had to think before 2

Technology 2

  Total 37
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Table 4.22 Continued 

Beliefs about Teaching 

Student Thinking/Understanding 11

Importance of Class Discussions 4

Students explaining/presenting 4

Contextual problems 3

Analyze/Interpret/Reflect 2

Assessing 2

Differentiation 2

Need to “get through” the material 2

  Total 37

Subject Matter 

Knowledge 

Lack of subject matter knowledge 6

Feeling/Not feeling prepared 4

“Math is hard” 3

Learning from the text 3

  Total 18

  

When she did discuss it during the interviews, she was relatively positive about the 

materials, particularly about the new version of the text. The MDM curriculum was rewritten 

several times before the 2011-2012 school year. In previous versions of the text, the 

Sensitivity Analysis concepts were embedded within the Linear Programming—

Maximization chapter. In the latest version of the curriculum, a Sensitivity Analysis chapter 
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was written, where the concepts were developed, explained, and explored in much greater 

detail. Gina did not feel comfortable teaching the Sensitivity Analysis concepts in previous 

years because she felt that she needed more explanation than was given in the text. Now that 

a chapter was devoted completely to Sensitivity Analysis, Gina decided to teach these 

concepts.  

The following quote shows Gina’s beliefs about the curriculum, particularly about the 

new version of the text: 

I wasn’t sold on teaching it until I read how it was set up in this chapter. And I feel 

like I have more of an understanding of it. I’m by no means an expert, but I 

understand it a little bit more. And I feel like I understand it enough that I could kind 

of lead them to understand it too. So basically that was it because it was approached 

differently in this version. It was approached in a way that I understood it, I guess. 

Therefore, Gina decided to implement this chapter because of the way it was approached in 

the latest version of the text. The beliefs shown in this quote are very closely related to 

Gina’s subject matter knowledge, which is discussed below. 

 Connection to instructional decisions. Because Gina did not often mention this 

conception, there was not much evidence connecting her beliefs about curriculum to her 

instructional decisions. The main connection was between her beliefs about the versions of 

the text and her decision to teach the materials. Thus, this belief could have increased her 

content fidelity. Gina’s content fidelity was consistently high because she chose to 

implement this chapter extremely closely to how it was presented in the text. At one point, 
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Gina said, “This is the first time I’ve done it, so I really don’t know what’s going to work, 

what’s not going to work. So I’m just going to dive right into the textbook and use it as is.” 

The reason Gina remained so close to the text was because this was her first time teaching 

the chapter; this was her first time teaching the chapter because she was not comfortable with 

the presentation of the Sensitivity Analysis concepts in the previous versions of the text. 

Thus, it could be argued that Gina remained close to the text—and thus had high content 

fidelity—because of her beliefs about the versions of the text. 

Overall, Gina’s beliefs about curriculum rarely emerged in her interview or survey 

data. The few beliefs that emerged showed the Gina generally felt positive about the 

materials, especially about the new version of the text. These beliefs possibly led her to 

follow the curriculum very closely throughout the observed lessons. 

 Beliefs about students. Gina’s beliefs about students emerged repeatedly in her 

interviews. Most commonly, Gina discussed her beliefs about student engagement. For 

example, Gina discussed her concerns about students paying attention, regardless of the 

content. She stated, 

The only issue I can see is keeping them engaged in the problem, keeping everyone 

engaged. Some of them, of course, they’re going to be engaged the whole time 

because they’re just good kids, and they’re going to listen. But some kids in the room, 

no matter what I do, they’re just like... And I don’t know if it would be different if I 

was teaching, no matter what I was teaching, I think it would probably be the same.  
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Therefore, Gina believed that some students would be off task and disengaged regardless of 

the lesson or the content. 

 Gina sometimes expressed concern that if her students were not engaged, they would 

not learn the content. For example, she said, 

I think the students that were really paying attention are starting to understand. I don’t 

think I had enough students paying enough attention to where if I said to them, ‘OK. 

So, what is this? What if I change it? What happens?’ I don’t think they’ll know. 

In this example, Gina believed that students’ engagement in the lesson was connected to their 

understanding of the content. In another example, Gina was more concerned about student 

engagement than she was about them understanding the mathematical content. She said, “As 

far as understanding the material, I don’t really have many concerns. As far as them paying 

attention and doing what they’re supposed to do, you know, it just depends on the day.” 

Therefore, Gina believed that her students were often disengaged in the lesson, and this 

sometimes influenced their mathematical understanding. 

Gina was typically much more concerned with students’ engagement in the lesson 

than in their struggles or issues with the content. In her interviews, she rarely mentioned 

where students would struggle with the content. In her survey responses, she agreed with the 

statement, “Most of my students like doing math” and disagreed with the statement, “Most of 

my students don’t feel they want to be good math students.” Therefore, Gina was not very 

concerned with students doing math or with them struggling with mathematical content. 

Instead, she was much more focused on them paying attention during class. 



211 
 
 
 

 

 Connection to instructional decisions. Gina’s beliefs about students, particularly her 

beliefs about student engagement, influenced her instructional decisions. In addition, Gina’s 

strong beliefs about student engagement often connected to other beliefs about students. For 

example, Gina’s belief about student engagement connected to her belief about student 

accountability. This connection can be seen in her instructional decision to have students 

write down the answers to the in-text questions and hand them in for a grade. When asked 

why she chose to do this, she responded,  

So I can #1 check to see that they did it because if I didn’t have them write the 

answers down, I think some of them would have just tuned out for the whole two 

days, but also for me to look at the answers that they’ve written. And I’m hoping 

when I check this, that I’ll see at the beginning that maybe they didn’t understand it 

as much, but by the end that they should have more of an understanding. 

Therefore, Gina decided to have students write down answers to the in-text questions and 

hand them in for a grade because she wanted students engaged in the lesson and because she 

wanted to hold students accountable. 

Gina’s beliefs about student engagement came through in other instructional 

decisions. For example, she said, “It’s hard to get them to talk. It’s the same kids all the time 

that answer. So I think tomorrow I’m going have to do more of calling individual people and 

asking them to answer.” That is, Gina believed that some of her students would not 

voluntarily participate in the discussion, and so she would need to alter her questioning 

technique to include more students.  
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In another example, Gina stated, “I don’t feel like I can just give them the book and a 

computer and say, ‘OK. Read through this and look on your computer’ because they won’t 

do that.” Thus, Gina did not want to let students work through the text independently. 

However, in many sections of the MDM curriculum, the authors expect students to read the 

text and answer in-text questions in groups, with the teacher providing guidance when 

necessary. Because Gina believed students would not be on task if they were asked to work 

independently, she had lower presentation fidelity. This example seemed to be one of the 

only instances where Gina’s beliefs about students directly influenced her implementation 

fidelity. Gina’s beliefs about students clearly influenced her instructional decisions, but there 

was minimal evidence of these instructional decisions influencing her implementation 

fidelity. 

 Beliefs about teaching. The other most common conception that emerged in Gina’s 

interviews was her beliefs about teaching. In particular, Gina spent a great deal of time 

discussing student understanding. For example, in each pre-observation interview, Gina was 

asked what her overarching goal was for the upcoming lesson. She responded with comments 

like, “just to get them to understand Sensitivity and how changing one thing affects the rest 

of the problem” and “for them to have a much deeper understanding of Sensitivity.” 

Therefore, student understanding was very important to Gina. 

 This conception was sometimes connected to other beliefs about teaching as well. For 

example, Gina consistently mentioned her desire to have the students talk more during class. 

When asked why she thought it was important to have the students talk, she responded, 
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“Because that way I know they understand it. And if I’m the one that’s doing all the talking, I 

have no idea if they’re listening and understanding or not.” In this case, Gina’s belief about 

student understanding was connected to her beliefs about the importance of assessing 

students’ knowledge, the importance of students explaining, and the importance of class 

discussions.  

 Connection to instructional decisions. Gina regularly made instructional decisions 

based on her belief about student understanding. For example, on the last observation, Gina 

had re-arranged the desks so that students were in groups of four rather than in pairs. During 

this observed lesson, Gina assessed the students using a pedagogical technique of asking each 

group of four to present a piece of information about an Answer Report that was projected on 

the SMART board. After the lesson, I asked Gina why she chose this technique. She 

responded,  

Because it was going to make me hear from a variety of students instead of the same 

four or five students answering the question. And that’s when I decided that I love 

having the desks like that in AFM. Because I was not sold on it until I realized, ‘Hey. 

I can really get more information about understanding this way.’ 

Therefore, because Gina believed student understanding was important, she wanted to assess 

students on their knowledge of Answer Reports. She used a new arrangement of desks and a 

new pedagogical technique to assess students’ understanding.  
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Later in the interview, I asked Gina more about this segment. After calling on a group 

to give a piece of information about the Answer Report, Gina asked follow-up questions. The 

discussion of these questions is seen in the following transcript: 

Interviewer: Pretty much after each group, you asked them, ‘How do you know?’ 

Or ‘What do you mean?’ What were you going for with those 

questions? 

Gina: Because anyone can look up there and say, ‘Oh, well this says 25.’ Or 

‘This says not binding.’ I wanted to know that they knew what that 

meant, instead of just regurgitating what they were seeing, tell me 

what it meant. 

Interviewer: And did you feel like that worked out well? 

Gina: Yes. 

Interviewer: And do you typically ask questions like that? 

Gina: Yes, but not to different groups. Like, I’ll ask it and then someone will 

answer. You know, someone will answer it. But this really helped me, 

and you know, with some of the groups, like other people in the group 

chimed in and were kind of helping along. 

Interviewer: So you’re probably going to do this again, I take it? 

Gina: Yes. 

Therefore, Gina’s beliefs about student understanding led to this new pedagogical technique 

that she plans to continue using.  
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 Instances such as this were examples of why Gina had relatively high presentation 

fidelity. She felt it was important for students to understand the information, not just 

memorize and “regurgitate” it. This belief led to many of the Productive Pedagogies 

indicators being observed in her classroom. 

 Subject matter knowledge. There were several instances when Gina discussed her 

subject matter knowledge during the interviews. As previously mentioned, this was Gina’s 

first time teaching the Sensitivity Analysis chapter, and the content in this chapter is new and 

different from what most teachers have seen before. Therefore, it is not surprising that Gina’s 

subject matter knowledge continually arose during her interviews. 

 In particular, Gina showed evidence of a lack of subject matter knowledge, and she 

often expressed that “math is hard.” To increase her subject matter knowledge and to prepare 

to teach the content, Gina read the text and answered the in-text questions. In one instance, 

Gina felt that she still was not prepared to teach the upcoming lesson. When asked how well 

prepared she felt to guide student learning, she said, “Right now, probably not nearly as 

much as I should. I’m not as prepared as I should, which is why I’m going to re-do it 

tonight.” In this case, Gina was still not feeling very confident in her subject matter 

knowledge, and so she was going to prepare the lesson by working through the text a second 

time. Clearly, Gina relied very heavily on the text to increase her subject matter knowledge. 

At one point, she said, “Quite honestly, I’m not sure if I didn’t have something guiding me 

through it that I would be able to give a real detailed explanation of what everything in it 

meant because it’s hard… Sensitivity Report is not easy math.” 
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 On the survey, Gina correctly responded to 10 out of 18 items (approximately 56%), 

and many of the items she answered incorrectly were related to Sensitivity Analysis. 

However, Gina took the survey before teaching the Sensitivity Analysis chapter. She claimed 

that she gained subject matter knowledge by reading the text and by teaching the materials. 

Therefore, this low score could possibly have increased if she took the survey again after 

teaching this chapter. 

 Although Gina seemed to lack subject matter knowledge and confidence in her 

knowledge, she seemed confident in other ways. For example, when asked how she felt about 

teaching the topic, she said, “I’m a little bit nervous, but I think I’ll be OK… If they ask a 

question that I can’t answer, it doesn’t bother me to say, ‘Can I get back to you tomorrow?’” 

Therefore, Gina seemed confident and comfortable enough as a teacher that she did not mind 

occasionally lacking in subject matter knowledge. Furthermore, Gina seemed confident in 

her technological knowledge. She said, “The technology… I really feel comfortable with. 

The more I teach Excel, the better I get at it. So I’m pretty comfortable with that.” Thus, Gina 

sometimes did not feel confident in her subject matter knowledge, but she was confident in 

other ways. 

 Connection to instructional decisions. Gina’s subject matter knowledge played a role 

in her instructional decisions. Most notably, she decided to implement the MDM curriculum 

very closely to the written text because she did not feel comfortable straying from the text. 

This can be seen from the following transcript: 
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Interviewer: Why did you choose to teach Allowable Increase [a topic in the 

Sensitivity Analysis chapter] in the way that you did? 

Gina: Because it was the way the book did it. [laugh] 

Interviewer: OK. That’s fair. 

Gina: I’m not going to lie. I didn’t understand Sensitivity Report enough 

going into this, which by the way, I understand it a whole lot more 

now that I’ve taught it. But I didn’t understand. I wasn’t comfortable 

enough with it to not use the book. 

Therefore, Gina’s lack of subject matter knowledge led to her following the text very closely, 

which led to her having high content fidelity. 

Conclusions. Gina had very high content fidelity and medium to high presentation 

fidelity. She followed the text very closely and never brought in outside resources. Gina’s 

beliefs about the versions of the text could have increased her content fidelity, but more 

likely, she followed the text so closely because she lacked subject matter knowledge. She 

was uncomfortable straying from the curriculum, which led to her having high content 

fidelity. Gina had relatively high presentation fidelity, but it was never exemplary. The main 

reason for Gina’s high presentation fidelity was her belief about the importance of student 

understanding. On the other hand, her presentation fidelity sometimes decreased due to her 

beliefs about student engagement. Generally, Gina had high implementation fidelity. Her 

subject matter knowledge and beliefs about teaching seemed to increase her implementation 

fidelity while her beliefs about students decreased it. 
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Sharon 

 Sharon was observed during her implementation of the Sensitivity Analysis chapter. 

She was in her 36th year of teaching, and this was her fourth year teaching from the MDM 

curriculum. Sharon implemented the MDM materials in her AFM courses, and typically 

juniors took AFM at her school. They were on a traditional bell schedule, with each class 

period being 50 minutes. She recently moved to this school that was on traditional 

scheduling, but previously she taught at a school with block scheduling. Thus, this was 

actually her seventh time teaching the observed content because she was able to teach it 

twice each year for three years at her previous school. However, the Sensitivity Analysis 

content was embedded within the Linear Programming—Maximization chapter in previous 

versions of the text and was first presented as a separate chapter in the most recent version. 

Thus, although Sharon taught this content many times before, this was her first time using 

this particular chapter. 

 Like Gina, Sharon was observed during her implementation of the Sensitivity 

Analysis chapter. Again, the content of this chapter immediately follows the Linear 

Programming—Maximization chapter and emphasizes analysis and interpretation of results 

using Answer and Sensitivity Reports generated by Microsoft Excel. The goals of the 

Sensitivity Analysis chapter include analysis of problem contexts and formulations and 

interpretation of solutions. During her observations, Sharon implemented Section 3.1 

(Computer Flips, a Junior Achievement Company), which draws connections between 

graphing and Microsoft Excel and informally introduces students to Answer and Sensitivity 
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Reports, and the beginning of Section 3.2 (SK8MAN, Inc.), which more formally explores 

Answer and Sensitivity Reports. See Appendix A for the complete text for these sections of 

the curriculum. 

Data collection. Sharon was observed four times during her implementation of the 

Sensitivity Analysis chapter. I went to her classroom for five consecutive days, but I could 

not collect data on the first day because there was a “Code Red” at her school this day, 

meaning that students needed to sit silently on the floor with the lights out until the 

administration told the teachers it was safe for them to move and talk. This took the entire 

class period, and so no data were collected that day. The lesson that was planned for that day 

was taught the following day. 

 Of the four observations, three periods were 50 minutes. The other observed lesson 

was 40 minutes because the school was on an alternate schedule that day. Sharon participated 

in three pre-observation interviews, one post-observation semi-structured interview after the 

first observation, and one post-observation stimulated recall interview after the final 

observation. The data collection schedule is shown in Table 4.23. During her stimulated 

recall interview, she watched a total of five clips, ranging from one minute to two and a half 

minutes. 

Sharon’s classroom. Sharon taught in a private Christian school that included grades 

K-12. Her classroom was small, but it accommodated the 23 students in her AFM class. The 

desks were arranged in rows, where most desks faced the front of the room, and four desks 

on the side of the room faced the center. Sharon had a place for homework assignments to be 
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written on the front board. She had some posters up throughout the room, several of which 

were for colleges, but she also had some mathematical and motivational posters. In addition, 

Sharon posted a schedule for extra help on the wall next to the door. 

 

Table 4.23 

Data Collection Details for Sharon 

Date and Length Of Pre-

Observation Interview 

Date Of 

Observation 

Date, Type, and Length Of Post-

Observation Interview 

11/6/2011 (23 min.) 11/8/11 11/8/2011 Semi-Structured (31 min.) 

11/8/2011 (13 min.) 11/9/11  

11/10/2011 (21 min.) 11/10/11  

 11/11/11 11/11/2011 Stimulated Recall (45 min.) 

 

 Each student had his or her own copy of the MDM textbook, and Sharon often asked 

students to write their answers to the in-text questions directly in their texts. When Sharon 

wanted students working on computers, she brought the class to the media center, where 

there were enough desktop computers for each student to have his or her own. Otherwise, the 

class stayed in Sharon’s classroom, where she had a projector that was hooked up to her 

laptop computer as well as to a document camera. She used these two technologies 

extensively, and she occasionally wrote on the white board. 
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 Sharon’s observed lessons did not have a general routine; each day was a bit different 

from the other days. The majority of Sharon’s observed lessons included lecture and whole-

class discussions, but she also occasionally incorporated individual or group work. During 

the whole-class discussion, Sharon asked many choral questions (i.e., questions asked to the 

entire class rather than to individual students) that typically had one correct answer, and she 

sometimes asked questions to individual students with the goal of increasing their 

understanding of the content.  

Implementation fidelity. Sharon’s content fidelity was extremely high because she 

followed the text closely. There were occasionally instances when Sharon would bring in an 

idea that was from the previous version of the text, but she never used outside resources. The 

number of segments with faithful (high) content fidelity and the number of segments with 

non-faithful (low) content fidelity are given in Table 4.24; the total number of minutes with 

high and log content fidelity are given in Table 4.25.  

Sharon’s presentation fidelity, however, was generally low. Her presentation fidelity 

is shown in Table 4.26, which shows the Productive Pedagogy indicators and the total 

number of segments labeled as exemplary, observed, not observed, or not applicable for each 

indicator, and Table 4.27, which shows the Productive Pedagogy indicators, the total number 

of minutes labeled as exemplary, observed, not observed, or not applicable for each indicator. 

See Appendix C for a description of the indicators. 
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Table 4.24 

Sharon’s Content Fidelity Results by Number of Segments 

 Number of Segments Not Faithful Number of Segments Faithful 

Content Fidelity 0 13 

 

Table 4.25 

Sharon’s Content Fidelity Results by Total Time (in Minutes) 

 Total Minutes Not Faithful Total Minutes Faithful 

Content Fidelity 0 170 

 

Content fidelity. Sharon’s content fidelity was high, with all 13 segments and 170 

minutes labeled as “observed”, because she followed the MDM curriculum very closely. 

Although she taught this content before, she rarely used her previous lessons during this 

implementation. Instead, she utilized the new version of the text extensively. Each day, 

Sharon planned her lessons by reading the text and answering in-text questions. Then, both 

the teacher and the students had their textbooks in front of them during the observed lessons. 

Therefore, Sharon’s content fidelity was extremely high. 
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Table 4.26 

Sharon’s Presentation Fidelity Results by Number of Segments 

Productive Pedagogy 

Indicators 

Number of 

Segments 

Exemplary 

Number of 

Segments 

Observed 

Number of 

Segments Not 

Observed 

Number of 

Segments 

Not 

Applicable 

Higher order thinking 0 4 9 0 

Understanding 0 6 7 0 

Substantive conversation 0 4 9 0 

Knowledge as problematic 0 7 6 0 

Metalanguage 0 10 3 0 

Social support 0 8 5 0 

Academic engagement 0 6 7 0 

Technology 0 4 8 1 

Inclusivity 0 2 11 0 

Knowledge integration 0 8 5 0 

Background knowledge 0 9 4 0 

Connectedness to the world 0 8 5 0 

Problem-based curriculum 0 8 5 0 
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Table 4.27 

Sharon’s Presentation Fidelity Results by Time (in Minutes) 

Productive Pedagogy 

Indicators 

Total 

Minutes 

Exemplary 

Total 

Minutes 

Observed 

Total Minutes 

Not Observed 

Total 

Minutes 

Not 

Applicable 

Higher order thinking 0 70 100 0 

Understanding 0 90 80 0 

Substantive conversation 0 70 100 0 

Knowledge as problematic 0 110 60 0 

Metalanguage 0 150 20 0 

Social support 0 120 50 0 

Academic engagement 0 85 85 0 

Technology 0 50 115 5 

Inclusivity 0 45 125 0 

Knowledge integration 0 130 40 0 

Background knowledge 0 105 65 0 

Connectedness to the world 0 130 40 0 

Problem-based curriculum 0 130 40 0 
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On the first observed lesson, Sharon began Section 3.1 (Computer Flips, a Junior 

Achievement Company). She went through the first 11 in-text questions using a combination 

of lecture and class discussion. The students were expected to follow along in the text, 

writing down answers to the in-text questions as they went through the problem. Sharon 

projected her spreadsheet on the front board, where she made the changes mentioned in the 

text; the students did not have on their own computers. Because Sharon utilized the textbook 

extensively during this lesson, she had high content fidelity. 

Sharon brought her class to the computer lab for the second observed lesson. For the 

first 25 minutes of class, she lectured at the front board as she covered the information in two 

in-text questions from the Computer Flips problem that connected the graph of the feasible 

region to the information provided in the Sensitivity Report. Like Gina, Sharon had skipped 

the portion of the previous chapter that discussed parallel objective functions. Thus, she had 

to review some of this information as she explained the connection between the parallel 

objective functions and the information on the Sensitivity Report. The lecture at the 

beginning of this class period included this review. Afterwards, Sharon provided her students 

with an Excel template for the Computer Flips problem (she did not expect students to create 

the spreadsheet themselves because they had done so in the previous chapter), and they used 

this template to answer the last in-text question and to complete a worksheet that emphasized 

Allowable Increase and Decrease, two concepts in the Sensitivity Analysis chapter.  

Note that this worksheet included several questions that asked students to calculate 

ranges of values found on a Sensitivity Report, which is a report generated by Microsoft 
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Excel and is used to interpret and analyze the solution to a linear programming problem. This 

idea of “range” is not included in the current curriculum. However, Sharon taught this idea 

when she taught Sensitivity Analysis previously (i.e., when the concepts were still embedded 

in the Linear Programming—Maximization chapter and were not as fully developed as they 

were in the current version). During her previous implementations, she was aided extensively 

by a graduate research assistant who was a secondary author of the MDM materials. This 

graduate research assistant gave Sharon advice and resources, which most likely included the 

idea of “range”. Therefore, it could be argued that this idea was indeed a part of the 

curriculum because it was obtained through one of the resources available to her (i.e., a 

graduate research assistant on the project), even though it was not included in the current 

version of the text. Although Sharon altered the text slightly during this lesson (e.g., by 

creating a worksheet with questions not found in the current MDM materials), she utilized 

the Computer Flips context and the Sensitivity Analysis concepts found in the MDM 

curriculum. Therefore, her content fidelity remained high. 

Sharon’s class went to the computer lab again during the third observed lesson. The 

students were asked to finish the worksheet from the previous day, and computers were 

required for this assignment. Then, Sharon gave her students another worksheet, which was a 

reading guide for the SK8MAN problem. This reading guide covered approximately half of 

Section 3.2 (SK8MAN, Inc.); note that there were no in-text questions during this portion of 

the chapter and no computers were necessary, so Sharon provided this reading guide so that 

students could work through this problem context on their own. If they did not finish the 
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reading guide during class, they were asked to finish it for homework. Because Sharon 

encouraged her student to spend this time reading the text, her content fidelity was again   

high. 

Sharon spent the fourth observed lesson going over the two worksheets (the 

Computer Flips worksheet that emphasized Allowable Increase and Decrease and the 

SK8MAN reading guide) through a combination of lecture, whole-class questions, and 

individual questions. There was no new content on this day, but the content that was 

discussed remained faithful to the MDM curriculum.  

 Presentation fidelity. Unlike her content fidelity, Sharon’s presentation fidelity was 

typically low. Many of the indicators were labeled as “not observed”, as shown in Tables 

4.26 and 4.27, and none were labeled “exemplary”. Each indicator is discussed in detail. 

 Higher order thinking. The Higher Order Thinking indicator was generally not 

observed in Sharon’s lessons. Of the 13 segments, four were labeled as “observed” and nine 

were labeled as “not observed”; of the 170 minutes, 70 were “observed” and 100 were “not 

observed”. In order for this indicator to be observed, there should be evidence of students 

transforming information and ideas. This can be seen when students synthesize, generalize, 

explain, hypothesize, interpret, or make conclusions. However, Sharon lectured for many 

portions of the lessons, and this made such activities difficult to be observed. That is, 

students may have transformed information and ideas during Sharon’s lectures, but because 

they did not contribute to the lesson, this transformation could not be directly seen. 
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 For example, in one segment, Sharon walked the class through the context and 

formulation of the Computer Flips problem. She opened up her completed Excel spreadsheet, 

solved the problem, and generated the two reports. She mostly lectured during this segment, 

and so students were not given the opportunity to transform information and ideas. 

Therefore, the Higher Order Thinking indicator was not observed during that segment. On 

the other hand, there were instances when this indicator was observed. This typically 

occurred during whole class discussions or group work. In one segment that was labeled as 

“observed”, Sharon expected students to explain the results of changing a resource’s 

availability in the Computer Flips problem context. However, only a few students contributed 

to the discussion. In this case, the indicator was observed, but it was not exemplary because 

not all students showed evidence of higher order thinking. 

 Understanding. This indicator was observed for 6 of the 13 segments (90 of the 170 

minutes) and was not observed 7 of the 13 segments (80 of the 170 minutes). Like the Higher 

Order Thinking indicator, the Understanding indicator was typically not observed when the 

teacher lectured. There was evidence of understanding when students contributed to the class 

discussion or when they worked in groups. 

 For example, one segment was labeled as “observed” because students showed 

evidence of understanding by answering the teacher’s questions, although most of the content 

was review. Also in this segment, a student was able to troubleshoot and determine the 

problem with the teacher’s spreadsheet and how to fix it. In this example, there was evidence 

of understanding when the students answered the teacher’s questions and when a student 
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pointed out the solution to an issue the teacher was having on her spreadsheet projected at the 

front of the room. However, only some students showed evidence of understanding, and so 

this segment was not labeled as “exemplary”.  

 Many other segments were labeled as “not observed” because the teacher lectured. 

Although the students may have understood the concepts presented in the teacher’s lecture, 

there was no way to directly observe their understanding. The large amount of lecture used 

by the teacher led to this indicator not being observed in the majority of her lessons. 

Substantive conversation. This indicator was not observed for most of the observed 

segments during Sharon’s lessons, with four segments (70 minutes) labeled as “observed” 

and nine segments (100 minutes) labeled as “not observed”. Substantive Conversation is 

observed when there is considerable interaction among students and between the teacher and 

students. Again, because Sharon lectured so often, there was little opportunity for students to 

interact with one another or with the teacher. In fact, even during class discussions, Sharon 

asked many choral questions that the same students answered each time. Thus, the 

interactions were neither considerable nor reciprocal. This led to the Substantive 

Conversation indicator not being observed for the majority of Sharon’s lesson.  

Knowledge as problematic. This indicator was observed for slightly more than half of 

the segments (7 out of 13 segments; 110 out of 170 minutes). That is, there was often 

evidence of knowledge as being constructed, not as a fixed body of information. Most likely, 

the Knowledge as Problematic indicator was observed so often because Sharon used the text 
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extensively during her lessons, and the in-text questions were written with the view that 

knowledge is constructed and hence subject to outside influences and implications. 

During one segment that was labeled as “observed” for this indicator, Sharon made changes 

to her spreadsheet for the Computer Flips problem and the students observed how these 

changes influenced the optimal solution and the total profit. She asked several in-text 

questions that showed how knowledge is subject to outside influences and implications. 

However, Sharon did not really emphasize this or allow students to construct their own 

knowledge; she instead guided them along through lecture and some initiation, response, 

evaluation [IRE] questions (Hall & Walsh, 2002). In this example, Sharon used questions 

from the text, and these questions showed knowledge as problematic. However, she provided 

a lot of guidance and asked many basic questions to guide students though the content. 

Hence, this segment was labeled as “observed” and not “exemplary”.  

Therefore, Sharon’s extensive use of the text during her lessons led to this indicator 

being observed for the majority of her lessons (i.e., there was a connection between her 

content fidelity and her presentation fidelity). However, her use was often labeled as “not 

observed”, and it was never labeled “exemplary” due to her pedagogical techniques. 

Metalanguage. This indicator was observed for a large majority of the segments (10 

out of 13 segments; 150 out of 170 minutes). Again, this fact may be due to Sharon’s 

extensive use of the text during the observed lessons. The Sensitivity Analysis chapter 

introduces many new vocabulary words for students to learn, and it necessitates proper 

technological syntax. Since Sharon followed the text so closely, she consistently encouraged 
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students to use proper vocabulary and syntax, with only three segments (20 minutes) labeled 

as “not observed”. 

Social support. The Social Support indicator was observed for the majority of 

Sharon’s lessons (8 out of 13 segments; 120 out of 170 minutes) because there was generally 

an atmosphere of respect. However, the respect was sometimes not obvious, particularly 

when the teacher lectured. For example, one segment was labeled as “observed”, but I wrote 

in my field notes, “There was a little bit more evidence of respect during this portion of the 

lesson. The teacher included more student input (though not much), and there was a little 

joking between a student and the teacher.” In this example, this indicator was observed, but it 

was not exemplary because there was no student-student interaction and only some teacher-

student interaction.  

There were five segments (50 minutes) when this indicator was not observed. As with 

other indicators, this usually occurred when Sharon lectured. For example, at one point, I 

wrote in my field notes, “The teacher primarily lectured with her back to the class, so it was 

unclear if there was any mutual respect during this segment.” This segment was labeled as 

“not observed”. Therefore, this indicator was observed the majority of the time, but it was 

sometimes not observed and never exemplary. 

Academic engagement. The Academic Engagement indicator was observed during 

approximately half of Sharon’s lesson, with six segments (85 minutes) labeled as “observed” 

and seven segments (85 minutes) labeled as “not observed”. As with other indicators, this 

one was typically not observed while Sharon lectured. For example, during one segment, I 
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wrote, “Students may have been engaged during this lecture, but they rarely contributed to 

the discussion, so there was little evidence of engagement.” That is, without student 

contributions, it was difficult to determine the level of student engagement. 

There was more evidence of academic engagement during whole class discussions or 

group work. For example, most (but not all) students seemed engaged while they completed 

the Computer Flips worksheet and the SK8MAN reading guide in groups. Therefore, 

Sharon’s instructional techniques influenced whether this indicator was observed. For 

approximately half of the time, it was not observed, and it was never labeled as “exemplary”. 

Technology. The Technology indicator was not observed the majority of the time. Of 

the 13 segments (170 minutes), four segments (50 minutes) were labeled as “observed”, eight 

segments (115 minutes) were “not observed”, and one segment (five minutes) was “not 

applicable”. The Sensitivity Analysis chapter heavily relies on technology. Students are 

expected to use the reports generated by Microsoft Excel to interpret and analyze their 

solutions and then make decisions based on this interpretation. Sharon showed students her 

spreadsheets, projected at the front of the room for two of the observed lessons. During these 

times, the authors expected the students to answer questions and make decisions based on 

their own spreadsheets, but Sharon decided to have students look at her spreadsheet instead. 

During one lesson, Sharon took the class to the media center for the entire class 

period, where each student had his or her own computer. However, for the first 25 minutes of 

class, Sharon asked students to keep their computers off, and she lectured at the front of the 

room. The segment was labeled as “not observed” because the students had the opportunity 
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to work on the computers, but Sharon chose to instruct them instead. Although this is an 

extreme example, it shows how this indicator was often not observed during Sharon’s 

lessons. 

Inclusivity. Generally, the Inclusivity indicator was not observed, with 11 of the 

segments (125 of the 170 minutes) labeled as “not observed”, because there was little to no 

evidence of Sharon acknowledging, supporting, or incorporating student diversity into her 

lessons. In two segments where this indicator was observed, the label referred to a very small 

instance. For example, Sharon briefly discussed the word “sensitive” by mentioning that a 

student who played football would be less sensitive than a student who did not. Her goal was 

to make a connection between the idea of “sensitivity” in this chapter and students’ previous 

understanding of the word “sensitive”, and she did so by bringing in students’ backgrounds. 

Often, teachers show evidence of the Inclusivity indicator by utilizing group work. 

However, Sharon did not often use group work in her class, and when she did, she let 

students choose their own group members. That is, they were not necessarily grouped 

heterogeneously, where students could build off of one another’s strengths. Hence, in the 

majority of Sharon’s lessons, she showed no evidence of this indicator. 

Knowledge integration. The Knowledge Integration indicator was observed in 8 of 

the 13 segments (130 of the 170 minutes) and not observed in the remaining five segments 

(40 minutes). Attempts were often made to connect two or more sets of subject area 

knowledge. Again, the MDM text is designed to connect math with other subjects, such as 

business and technology, and because Sharon extensively used the MDM text, she naturally 
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made such connections. This indicator occasionally was not observed during the segments 

when context was lacking. However, this did not occur very often, and so this indicator was 

observed the majority of the time. 

Background knowledge. This indicator was observed in nine of the segments (105 

minutes) and not observed in the remaining four segments (65 minutes). The Sensitivity 

Analysis chapter builds upon the knowledge gained in the Linear Programming—

Maximization chapter. Thus, students were often expected to draw upon their previous 

knowledge during Sharon’s observed lessons. Furthermore, Sharon incorporated other 

concepts from previous courses in her instruction, such as algebra, geometry, and scientific 

notation. Again, the MDM curriculum was written with the assumption that students would 

have knowledge from previous courses as well as from previous chapters. By following the 

text closely, Sharon naturally showed evidence of this indicator. 

Connectedness to the world. The Connectedness to the World indicator is observed 

when the lesson makes a connection to the wider social context within which students live. 

This indicator was often observed during Sharon’s lessons (in 8 of the 13 segments and in 

130 of 170 minutes) because she followed the MDM text so closely, and the contexts in the 

text connect to students’ lives. While this indicator was usually observed, it was never 

exemplary because Sharon did not make these connections explicit to the students during her 

instruction. For example, The Computer Flips context connects to students’ lives, but Sharon 

places little emphasis on this connectedness during her lecture.  
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Furthermore, the indicator was labeled as “not observed” in five segments (40 

minutes), and this typically occurred when the context was not mentioned for a period of 

time. For example, Sharon lectured for a portion of the Computer Flips problem, during 

which she rarely mentioned the context, and so students could not see how it is related to 

their lives. Therefore, the Connectedness to the World indicator was observed for the 

majority of Sharon’s lessons. However, it was sometimes not observed, and it was never 

exemplary. 

Problem-based curriculum. Lastly, the Problem-Based Curriculum indicator was 

observed the majority of the lessons (8 of the 13 segments; 130 of the 170 minutes) because 

Sharon followed the text so closely. In the MDM curriculum, students are presented with real 

problems to solve. Sharon’s extensive utilization of the text led to this indicator being 

observed most of the time. However, this indicator was never labeled as “exemplary” 

because Sharon did not push students to think beyond the solution within the context of the 

problem. In fact, the context sometimes became lost while the teacher and students worked 

through the problem and interpreted the solution. These instances were labeled as “not 

observed”, which occurred in five of the segments (40 minutes). Overall, though, this 

indicator was observed for the majority of the segments. 

Therefore, Sharon showed two different general implementation fidelity levels. She 

generally followed the MDM curriculum very closely, and this caused her to have high 

content fidelity. On the other hand, Sharon had relatively low presentation fidelity, often 

straying from the author’s pedagogical intentions. Overall, Sharon seemed to adopt the 
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mathematical intentions of the MDM curriculum authors, but she often adapted the 

pedagogical intentions. Thus, an appropriate categorization of Sharon’s implementation 

would be adopting but adapting pedagogy. The categories that emerged in this study, such as 

this one, are discussed further in Chapter Six.  

Conceptions related to implementation fidelity. Table 4.28 lists the codes that 

emerged from Sharon’s interviews, where any code with only one instance was not included 

in the list but was included in the totals. The most common conception that emerged from 

Sharon’s interviews was her beliefs about teaching. However, her beliefs about curriculum, 

beliefs about math, beliefs about students, and subject matter knowledge also emerged a 

number of times. In this section, I discuss these five conceptions and how they are related to 

Sharon’s instructional decisions. See Appendix I for a description of the codes. 

Beliefs about curriculum. Sharon had very strong opinions about the MDM 

curriculum. Since she had been teaching these materials for four years voluntarily, there was 

evidence that she was committed to supporting the ideas behind the materials. For example, 

she mentioned that she liked how challenging the curriculum was and how technology can be 

utilized. She stated, “It’s challenging, and I enjoy things that are challenging… I like it. I 

mean, I find it interesting what the computer’s able to give us with the linear programming 

process and the decisions that can be made as a result.” In another example, she discussed 

how she liked how realistic the problem contexts were for the students. She said, “I think all 

the problems that I recognize in the material that we’re using are for the most part problems 

that the kids can very easily relate to… So I’m satisfied with the materials.” Sharon  
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Table 4.28 

Sharon’s Interview Codes 

Conception Code 
Number of 

instances 

Beliefs about 

Curriculum 

Insufficient homework problems 6

Challenging/Complex 4

Versions of the text 4

Application/Real-world 3

Appropriate/Not appropriate for students 3

Dragging/Too long 3

In-text questions 3

New/Different 2

Positive about materials 2

Too difficult 2

  Total 34

Beliefs about Math 

Importance of correct vocabulary or 

syntax 4

Importance of correct answers 2

  Total 7
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Table 4.28 Continued  

Beliefs about Students 

Student issues/struggles 14

Student accountability 10

Student engagement 10

Knowing where students will struggle 7

Student background 5

Student levels 5

Students have never had to think before 5

Technology 4

Students reading 3

Positive about students 2

Word problems 2

  Total 69
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Table 4.28 Continued  

Beliefs about Teaching 

  

Student thinking/understanding 18

Experiencing 13

Group work 6

Importance of class discussions 6

Lecture/Telling 6

Materials/Lesson needs to be concrete 5

Practice/Repetition 5

Time constraints/Timing 5

Need to “get through” the material 4

Scaffolding 4

Analyze/Interpret/Reflect 3

Assessing 3

Contextual problems 2

Homework 2

Need to be prepared 2

Reviewing previous skills 2

Vocabulary 2

Total 93
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Table 4.28 Continued 

Subject Matter 

Knowledge 

Lack of subject matter knowledge 8

Confident in their knowledge 5

Feeling/Not feeling prepared 3

Previous knowledge 3

Rounding to nearest integer 2

  Total 23

 

appreciated the realistic nature of the problems in the MDM curriculum. This belief also 

came through in her survey responses. When asked to “indicate how important you feel each 

of the following is in a curriculum, where 1—Least Important and 6—Most Important,” 

Sharon responded that “Problems that represent real-world situations” were “most important” 

in a curriculum. Since the MDM curriculum includes such real-world problems, Sharon’s 

beliefs seemed to align with the authors’ intentions. Sharon made several comments that 

were positive about the materials; however, this was not one of the most common beliefs 

about curriculum that emerged. 

Instead, many of Sharon’s other articulated beliefs about the curriculum were 

somewhat negative. In particular, she was very focused on the lack of homework problems in 

the chapter. On six separate occasions, she mentioned that the homework problems were 

insufficient or inappropriate. The following quote is an example of this: 
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I don’t exactly know how the homework is produced as to what the thinking is as far 

as, you know, when they make up the problems for the homework. I’m used to 

homework having something to do with the section that I’m on. So my expectation 

would be that if I went over the first section in Computer Flips, then I should be able 

to go to the homework section and there be at least one or two problems in there that 

would take maybe another problem that we did in Chapter 2 [Linear Programming—

Maximization] and ask similar questions as to what was there in totality so that I 

don’t have to search through that problem to be sure that something we’ve not 

discussed is included. 

In this example, Sharon did not think the homework problems included in the Sensitivity 

Analysis chapter were sufficient based on her expectations of and experiences with the way 

homework was presented in other curricula. This belief was verified in her survey responses 

where she responded that “Practice problems for students to solve” were “most important” in 

a curriculum. 

 Another common conception Sharon had about the materials was that they were 

challenging, both for herself and for her students. When she mentioned being challenged by 

the materials, she said that she enjoyed it. She said that the materials were “interesting and 

challenging so therefore, you know, I was totally on board to do it because I was interested in 

it personally” However, she also thought the materials would be challenging for her students. 

For example, she stated,  
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It is pretty difficult in the book because I just read through the first two chapters, or 

the first two sections in this chapter, and I’m just going, ‘Oh. I don’t know how I’m 

going to get so-and-so to understand this.’ Thinking about individual students that I 

have in class and what they’re struggling with right now, and I’m thinking, ‘I will 

never be able to make this understandable to them.’ So it’s going to be a challenge for 

sure. 

Therefore, Sharon thought the materials were going to be challenging for some of her 

students, and this led her to be concerned with how easily they could learn them. 

 Sharon also made several comments about the versions of the text. As mentioned 

previously, Sharon taught the concepts from the Sensitivity Analysis chapter several times 

before, but they were embedded within another chapter. The most recent version of the text 

broke these concepts out into their own chapter. Thus, Sharon shared many beliefs she had 

about the new versus the old versions of the materials, as seen in the following quote: 

It’s just that everything I used in the past, I made it up. And so it was able to work 

well with what I was doing. And this year, having the text, I’ve been trying to use 

more of the materials that you guys made up because I thought that would be 

beneficial to what you’re trying to do. And I was hoping it would save me some time 

and some copies. But as a result, yeah, I haven’t been quite as comfortable with it, 

and I couldn’t prescribe as carefully what my kids could do and what they couldn’t do 

because I wasn’t as comfortable with the materials I was using, where I knew what 

everything was going to do before because I created it. And Chapter 3 [Sensitivity 
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Analysis] is totally new. I mean, that wasn’t even there. So I’m just, you know, I’m 

just sort of winging it at this point. 

Sharon believed the old version of the text did not give enough information, and this led her 

to create her own materials. She started using the new version of the text extensively when it 

came out, but this led her to being less comfortable with the materials and with how students 

would react to the materials because she was not as familiar with them. This quote connects 

her beliefs about curriculum with her subject matter knowledge, which is discussed in more 

detail below. 

 Connection to instructional decisions. Sharon’s beliefs about the MDM curriculum 

influenced the way she chose to implement the observed lessons. For example, Sharon 

showed evidence that she was positive about the materials. This could be a reason why she 

continued to teach the curriculum each year and also why she followed the text so closely. 

Next, Sharon’s belief that the homework problems were insufficient or inappropriate 

led her to not assign homework for the first three observed lessons. Furthermore, Sharon 

found the materials to be challenging. She appreciated being challenged by the materials 

personally, and this was one of the reasons why she continued to use the materials in her 

classes. However, she was concerned with the materials being too challenging for her 

students. This often led to her giving students more guidance and lecturing through the 

materials. As seen above, Sharon’s Productive Pedagogy indicators were often not observed 

due to her use of lecture; thus, Sharon had lower presentation fidelity due to this belief. 
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 Finally, Sharon’s perceptions about the different versions of the text influenced her 

instructional decisions. She chose to follow the text very closely, even though she was not as 

comfortable with the new version of the text, because she “thought that would be beneficial” 

to the curriculum authors. However, there were some instances when her previous 

implementations emerged in her observed lessons, particularly her use of “range” to describe 

sensitivity. When asked about this, she said, 

I automatically did it, just because I’ve done it that way before. I reckon that was the 

reason that I did that. Kind of looking ahead, having taught Sensitivity with the other 

material, I know that I taught that at that time. And so I wasn’t paying close enough 

attention to the fact that wasn’t brought up [in the new version of the text]. So that’s 

why I brought it up. 

Therefore, Sharon’s use of previous versions of the text influenced her instructional 

decisions. 

 In sum, Sharon showed substantial evidence of her beliefs about the MDM 

curriculum during her interviews. In particular, she discussed the insufficient homework, 

how challenging the curriculum was, and different versions of the text. These beliefs 

influenced her instructional decisions and, in turn, her implementation fidelity. 

 Beliefs about math. Sharon did not mention her beliefs about math as much as she 

mentioned the other conceptions, but they did emerge a few times during the interviews. 

Furthermore, Sharon expressed no strong beliefs on the survey; that is, she did not “strongly 
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agree” or “strongly disagree” with any items in the beliefs about math construct. Hence, she 

did not seem to have very many strong beliefs about math.  

During the interviews, her beliefs about math tended to focus on correct vocabulary 

and correct answers. For example, Sharon discussed the importance of using correct 

vocabulary in the Linear Programming—Maximization and Sensitivity Analysis chapters. 

When discussing a particular lesson, she stated,  

I think I had the ability to do a good bit of review of things to make sure that they 

were speaking the right language because that’s one thing they have an issue with is 

that they know stuff that they’re not able to communicate because they don’t use the 

language properly. So that’s one thing I’ve been trying to work on is that I recognize 

from Chapter 2 [Linear Programming—Maximization] that there’s things that they 

just don’t have down pat, like they just don’t seem to have that, the ‘optimal solution’ 

is how many I’m making. 

In this quote, she provided the example of “optimal solution” as an important vocabulary 

term with which students may struggle. She believed it was important for students to use 

appropriate language such as this. 

 In another example, Sharon showed her beliefs about correct vocabulary and about 

correct answers when discuss linear programming solutions. She said,  

[The students] still want to think of whatever the profit as being the solution. So I’ve 

been trying to, today and yesterday, kind of hit that again to make them understand, 

‘What is it we are trying to do?’ ‘We are trying to figure out how many of these 
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things to make.’ And the result will be, we get the most profit, not the most profit is 

our answer. We want to know, what are we assigned x workers to do to get this job 

done. 

Here, Sharon showed that she wanted students to understand that the goal of linear 

programming was to find the number of products to make (the “optimal solution”), not to 

find the profit. In this example, she showed that correct answers and correct vocabulary were 

important to her. 

 On the other hand, Sharon did not express a belief that correct answers were more 

important than the process used to find the correct answers. In fact, on the survey, Sharon 

disagreed with the statement, “Right answers are much more important in mathematics than 

the ways in which you get them.” Therefore, Sharon sometimes mentioned correct answers in 

her interviews, but she did not place a large emphasis on them.  

 Although Sharon did not express many strong beliefs about math, there were some 

notable responses on Sharon’s survey. For example, she agreed with the statement, 

“Mathematics is computation,” yet she also agreed with the statement, “Mathematics is the 

dynamic searching for order and pattern in the learner's environment.” Thus, her view of 

what mathematics “is” was not necessarily clear according to her survey responses, and she 

did not discuss these beliefs during her interviews. In addition, Sharon agreed with the 

statement, “Math problems are frequently boring.” Again, she did not discuss this belief 

during her interviews, so it is unclear the extent to which she believed that math problems are 

boring and how this belief influenced her instructional decisions. 
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Connection to instructional decisions. There were very few instances where Sharon’s 

beliefs about math connected to her instructional decisions. Most often, Sharon’s beliefs 

about correct vocabulary led her to emphasize and discuss vocabulary during her lessons, and 

this choice led to the Metalanguage indicator being observed often. Thus, this belief could 

have increased her presentation fidelity. However, there was little other evidence of Sharon’s 

beliefs about math influencing her instructional decisions or her implementation fidelity.  

 Beliefs about students. Sharon’s beliefs about students emerged several times in her 

interviews. In particular, Sharon repeatedly mentioned students’ issues or struggles, both 

predicting where students would struggle and reflecting on where they did struggle. During 

the pre-observation interviews, Sharon would often say things like, “This section is going to 

be hard for my kids” and “Their ability to analyze is very limited. I don’t see that they’ve 

been really challenged in the past to look any deeper than the surface.” Hence, Sharon 

believed students would struggle and had struggled with the materials.  

 Another common conception about students was related to their accountability. 

Sharon wanted students to be held accountable for their knowledge and understanding of the 

content. For example, she stated,  

Until I make them write stuff down, it’s hard for me to know whether they got it or 

they don’t or hard for them to know. They think they’ve got it, but then when you ask 

them the question and they’ve got to answer it themselves, then they go, ‘Oh. I need 

to ask a question’ because they thought they had it but they don’t. 
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Therefore, Sharon believed students needed to think on their own so that they would know 

whether or not they understood the content. That is, she wanted them to be held accountable 

for their knowledge. 

 Furthermore, Sharon often mentioned student engagement. In particular, she believed 

students were not often engaged in the lessons. For example, during a pre-observation 

interview, I asked Sharon about any possible issues students may experience with the lesson. 

She responded, “Staying alert and paying attention.” Therefore, student engagement was 

important to Sharon, and she sometimes felt that students were not engaged in the lesson. 

 Sharon’s interview transcripts showed many strong beliefs about students, but there 

were no questions on the survey that aligned with the beliefs that emerged during the 

interviews. On the “beliefs about students” construct of the survey, Sharon did not show 

many strong beliefs. She strongly agreed that “Most of my students would be happy to get 

A’s in math,” but this was the only item that she expressed a strong opinion about. Thus, the 

survey items neither verified nor contradicted Sharon’s interview codes. 

 Connection to instructional decisions. There were several instances when Sharon’s 

beliefs about students influenced her instructional decisions. First, Sharon’s beliefs about 

students’ struggles influenced her instructional choices. For example, she chose to provide a 

great deal of guidance to the students due to these issues and struggles, as seen in the 

following quote: 

I think I’m just going to teach it straightforward, just the way it’s covered here [in the 

text]. And as needed, we’ll stop and talk about things as they don’t understand what 
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we’re doing here. But I’m really thinking I’m just going to pick this apart and just 

kind of follow the train of thought here and make sure that they are kind of following 

me. I may have them reading it to keep them to paying attention… I’d love for it to be 

something that they could do themselves, so they’d be more hands-on. But I know 

that I wouldn’t be able to answer all the questions that are there nor am I sure that 

they would be getting correct answers for everything. I’m not sure they would be able 

to read through it and answer questions properly, so we may read a section then 

answer this question and then talk about what our answers were and read another little 

part and answer these questions and talk about that. So, kind of what I’m thinking, 

instead of just letting them go with it. I just don’t feel like I can do that with this 

group yet. 

In this example, Sharon chose to guide students through the content, even though she wanted 

the students to work on their own, because she did not think the students would be successful 

if they were independent. Due to this conception, Sharon ended up lecturing during many 

portions of the observed lessons. As mentioned earlier, her use of lecture led to her having 

lower presentation fidelity.  

 Sharon’s beliefs about student struggles also influenced her content fidelity. Although 

Sharon had very high content fidelity during the observed lessons, she had omitted a section 

from the previous chapter based on her beliefs about student struggles. In the Linear 

Programming—Maximization chapter, there was a large section leading up to the Corner 

Point Principle, an important concept in linear programming. The concepts in that section 
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were revisited in the Sensitivity Analysis chapter. Sharon struggled with how to present the 

concepts in the Sensitivity Analysis chapter because she had skipped the section in the Linear 

Programming—Maximization chapter. When asked why she skipped that section, she 

replied,  

I avoided that because I just felt like my kids, with the limited understanding that I 

had been able to get from them to this point, would be so bogged down by that, that 

they would not follow through with it to a complete understanding at the end. It 

would just make them more confused instead of less confused. And now seeing where 

you’re headed with it over here, I probably would try to do it next time. And see if I 

could, just see how it goes. And hopefully that would make this be real simple for 

them. 

Therefore, Sharon chose to omit a section from the previous chapter based on her beliefs 

about students, and this lowered her content fidelity.  

 Sharon’s beliefs about student accountability also influenced her instructional 

decisions. For example, Sharon believed students should be held accountable for knowledge 

from the previous chapter, where students solved linear programming problems. The same 

three problems were revisited in the Sensitivity Analysis chapter. Rather than having students 

solve the problems again, Sharon expected students to already know the information. For this 

reason, she provided students with an Excel template that contained all necessary 

information, including the solution. When asked about this, she said,  
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We had done it in Chapter 2… We’ve already done that. I have already tested them 

on that. And so I saw Chapter 3 as being my goal is to analyze what we’ve been 

doing. Rather than re-teaching what I’ve already done. So in order to most effectively 

use my time, I just give them, I can put that on the network and they can pull it up. 

And then they can work with it from there. And so that’s what I did. 

Thus, Sharon believed students should already know how to solve a linear programming 

problem in Excel. She did not want to re-teach this information. In this case, her beliefs about 

student accountability increased her content fidelity because she did not spend time 

reviewing content from the previous chapter; she instead focused on the content of the 

Sensitivity Analysis chapter. 

 Lastly, Sharon’s beliefs about student engagement influenced her instructional 

decisions. Sharon believed that her students were often not engaged in the lesson, and she 

could not give them independence because they would not stay on task. For example, in the 

post-observation semi-structured interview, I asked Sharon to describe the student 

engagement in the first observed lesson. She stated,  

It could have been better. It’s hard to have that discussion with 20 other people. That 

discussion would be much better had if we could have a group of three or four sit 

down and talk about it. My only fear is that they don’t know enough to talk about it. 

And their conversation would be off task, rather than on task. So that’s the reason I 

chose to lead the discussion today… I’d like to be able to get them in groups as soon 

as I can because I really would like to do more of that kind of thing with them. My 
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only issue is… it’s really hard to keep them on task when you give them an 

assignment to do like that, they tend to just wander off and not get things done, and 

then it’s just kind of slapped together instead of do your best. That’s been an issue. 

And I have several… that are really struggling and so I’m trying to make sure that 

they at least had an opportunity to hear the correct information, see on the board what 

I can visually give them so that they can get an idea of what’s going on. 

Therefore, Sharon wanted to have students work in groups, but she did not think they would 

remain engaged and on task if she gave them that independence. She decided, instead, to 

guide students through the content, usually through lecture, and Sharon’s use of lecture 

decreased her presentation fidelity. 

 Sharon’s beliefs about students, particularly her beliefs about student struggles and 

student engagement, led to her lecturing and providing significant guidance during the 

observed lessons, and this lowered her presentation fidelity and her content fidelity. On the 

other hand, some of Sharon’s beliefs about students, such as her beliefs about student 

accountability, increased her content fidelity. Regardless of the outcome, Sharon’s beliefs 

about students influenced her instructional decisions and her implementation fidelity.  

 Beliefs about teaching. The most common conception that emerged during Sharon’s 

interviews was her beliefs about teaching. Of her beliefs about teaching, she consistently 

mentioned the importance of student understanding and students experiencing the lesson. 

Other beliefs about teaching emerged as well, but these two were by far the most common. 
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 First, Sharon repeatedly mentioned student understanding. Her goal with most lessons 

was to increase student understanding of the content. For example, Sharon was looking 

through the materials during a pre-observation interview, and she stated, “I’m… trying to 

think as I go along if there’s any way I can make this any more concrete for them so that they 

can better understand what’s going on.” Thus, her goal when planning and implementing 

lessons was often to increase student understanding. In another example, Sharon expressed 

her strong beliefs about the importance of student thinking and understanding in this 

curriculum. She said,  

If they don’t get to the point where they can look at those reports and be able to 

analyze as they look, then we’re wasting our time in this whole program because 

that’s, to me, that is the focus of what we’re trying to do is make decisions. And the 

only way we’re going to know how to make decisions is to know how to use the data 

that Excel gives us to interpret what kinds of decisions we can make. That’s kind of 

what I’m trying to do is get them in that idea. They’re really not in the train of 

thought that they need to think in this class, and so I’m looking for different ways to 

force them to think. 

Therefore, Sharon believed student thinking and understanding was an important component 

of a lesson in her classroom. 

 The other common belief about teaching that emerged from Sharon’s interviews was 

her belief about students experiencing the lesson. She repeatedly mentioned that students 

need to be involved with the lesson. For example, she said, “Too much talking, and they just 
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sort of zone out. And so that’s what I’m concerned about. I need to get them involved in the 

process more.” She believed that lecture was not an effective teaching strategy because “it 

just goes in one ear and out the other,” and she believed that students needed to be given the 

opportunity to experience the lesson themselves. At one point, she stated,  

The kids have to have hands-on. They simply cannot learn by lecture. And so it’s 

important to me that we have the discussion and I’ve given them an opportunity to 

see my thinking on how you would approach the problem, but then I need for them to 

be able to say, ‘OK. I can take these concepts. I can take this new problem. And I can 

apply these concepts to that and make some decisions as a result.’ 

This belief was verified in Sharon’s survey responses. She strongly agreed with the 

statement, “Mathematics knowledge is the result of the learner interpreting and organizing 

the information gained from experiences.” Therefore, Sharon believed that students needed 

to play an active role in instruction; they needed to be given the opportunity to experience the 

lesson. 

 Connection to instructional decisions. Sharon’s beliefs about teaching influenced her 

instructional decisions. For example, her belief about student understanding guided her 

questioning techniques. When asked about her questioning techniques, she responded,  

Typically, what I do is I try to question for depth of understanding. So I will ask 

questions and then react to their responses and see whether we need to have another 

similar question because that one we didn’t get. Or are we ready to dig a little bit 

deeper into that problem?  
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Therefore, Sharon’s decided how to ask questions and the types of questions to ask based 

upon her perceived student understanding. When Sharon included questions such as this in 

her observed lessons, her presentation fidelity was increased. Unfortunately, these questions 

were not always common. 

 Sharon’s beliefs about student understanding and about students experiencing the 

lesson were sometimes connected because she wanted students to experience the lesson to 

increase their understanding. At one point she stated, “I haven’t given them an opportunity to 

really practice yet, so I don’t know what they’re at, what they really got and that’s where 

we’re headed.” In another example, she said, “I sure would like for them to be able to do 

something here, but I didn’t make up a worksheet for this last time. So, I don’t know.” After 

this conversation, Sharon decided to develop a worksheet that would allow students to 

experience the lesson and thus increase their understanding. This worksheet increased her 

presentation fidelity because students were given an opportunity to participate in the lesson. 

 Hence, Sharon’s beliefs about teaching, particularly her beliefs about the importance 

of student understanding and students experiencing the lesson, influenced her instructional 

decisions and thus her implementation fidelity. However, what Sharon professed during her 

interviews was not necessarily connected to what actually took place in her classroom. For 

example, Sharon stated that students “simply cannot learn by lecture,” and she repeatedly 

discussed the importance of students being involved in the lesson. Yet, Sharon used lecture at 

least once during each observed lesson. Her reasoning was that she wanted to give students 

the “opportunity to see [her] thinking on how you would approach the problem” before they 
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practiced it on their own. Thus, her use of lecture could possibly have followed from her 

belief about the importance of student understanding. However, some discrepancies existed. 

Most likely, other conceptions, such as her beliefs about the curriculum, beliefs about 

students, or her subject matter knowledge, led to her continual use of lecture in her 

classroom.  

 Subject matter knowledge. Sharon’s subject matter knowledge was mentioned a 

number of times during her interviews. Her lack of subject matter knowledge emerged most 

often, but her confidence in her knowledge was also discussed repeatedly.  

 On several occasions, Sharon mentioned that she lacked subject knowledge when she 

first started teaching the materials. For example, she said, “Doing it the first year was still a 

big challenge. But since then, I have gotten a better feel for things.” However, there were still 

instances where she felt like she did not have a firm grasp of the content in the MDM 

curriculum. At one point, she stated, “Those little things come up every once in a while that I 

just haven’t done it enough times yet for all the little pieces to stick with me real good.” She 

also expressed an occasional lack of knowledge regarding Excel. For instance, she said,  

There have been issues in the past on learning how to do Excel… There’s always 

something that comes up and I don’t know what it is. Why did it do that? Because I 

don’t understand it enough. I need to really understand what the program is doing. 

Then I can troubleshoot better. But I’m not too good at that because I don’t, if I 

haven’t seen it before, I don’t know what it’s going to do. 
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Therefore, Sharon felt that she lacked subject matter knowledge when she first began 

teaching the MDM curriculum, but her confidence increased as she taught the materials. 

There continued to be some instances, though, where she was unsure of her knowledge of the 

content and of Excel. According to her survey responses, Sharon had a relatively high score 

on the subject matter knowledge items; she had 15 out of 18 possible points (approximately 

83%). From this score, Sharon did not seem to lack subject matter knowledge, but there was 

some evidence in her interviews and observations of a lack of knowledge. This discrepancy 

could be due to the specific questions that were asked on the survey. 

 Next, Sharon sometimes mentioned feeling confident in her knowledge. The 

following transcript provides an example of this: 

Interviewer: How are you feeling about the lesson? Are you feeling prepared? 

Sharon: I think I’m OK with this lesson for today. Yeah. I think I am. I think 

I’ll be fine. 

Interviewer: And then what about with tomorrow and Shadow Price and Reduced 

Cost [concepts in the Sensitivity Analysis chapter]? 

Sharon: Well, I think I understand Shadow Price and Reduced Cost, but I will 

definitely be studying the material before I go over it again. So, yeah. I 

have a feel for what both of them are trying to tell us, and I think I can 

give them an opportunity to see how that works. ‘What can we do? 

Let’s go do it. If we do this, what happens?’ That kind of thing. 
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In this example, Sharon was not completely confident in her knowledge, but she was 

confident enough to feel prepared to guide student learning of the content. 

 Connection to instructional decisions. Sharon’s subject matter knowledge—or lack 

thereof—may have influenced her instructional decisions. In one notable instance, Sharon 

seemed to be struggling with some content during her pre-observation interview. In the 

observation that followed, Sharon spent the majority of the class period lecturing. After this 

lengthy lecture, she came to the back of the room, where I was standing, and asked me, “Was 

that OK?” Based on the interview and her question to me, Sharon’s lack of subject matter 

knowledge seemed to influence her decision to lecture for the majority of the class period. 

She was unsure of her knowledge and of her ability to respond to students’ questions, and 

she, therefore, decided to tell students the content rather than have them work through it 

themselves. In this example, Sharon’s lack of subject matter knowledge lowered her 

presentation fidelity.  

 There was little other evidence of her subject matter knowledge influencing her 

instructional decisions. Sharon often mentioned struggling with the content during the pre-

observation interviews, but when discussing her instructional decisions, these struggles and 

her subject matter knowledge were not often discussed. Therefore, it is unclear the extent to 

which her subject matter knowledge influenced her instructional decisions and her 

implementation fidelity. 

Conclusions. Sharon had high content fidelity, but low to medium presentation 

fidelity. During the observed lessons, Sharon very faithfully followed the content in the 
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MDM curriculum. Her high content fidelity could be due to (a) her positive beliefs about the 

materials and (b) her belief that students should be held accountable. However, Sharon chose 

to omit a section from the previous chapter (Linear Programming—Maximization), and thus 

had lower content fidelity, because she thought students would struggle with that content. 

Sharon’s low presentation fidelity could have been influenced by (a) her view that the 

materials were challenging, (b) her belief about student struggles, (c) her belief about student 

engagement, and (d) her lack of subject matter knowledge. On the other hand, Sharon also 

had many indicators on the Productive Pedagogies framework that were labeled “observed”. 

Her presentation fidelity could have been increased by her beliefs about (a) the importance of 

students understanding, (b) the importance of students experiencing the lesson, and (c) the 

importance of math vocabulary. 

 Overall, Sharon showed a range in her implementation fidelity. Her instructional 

decisions were consistently influenced by her beliefs about the curriculum, beliefs about 

students, and beliefs about teaching, and sometimes by her subject matter knowledge. 

All Four Cases 

 In this section, I summarize, compare, and contrast the four teachers: Terri, Kimberly, 

Gina, and Sharon. First, I provide answers to the first research question (How do teachers’ 

implementations of a mathematical decision-making curriculum align with the authors’ 

intentions?). I do this by giving the overall results for the teachers’ levels of implementation 

fidelity and by discussing the ways in which the teachers were faithful or not faithful to the 

authors’ intentions.  
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Second, I provide some answers to the second research question (How do teachers’ 

conceptions influence their implementations of a mathematical decision-making 

curriculum?). I do this by presenting the overall results for the five conceptions (beliefs about 

curriculum, beliefs about math, beliefs about students, beliefs about teaching, and subject 

matter knowledge), and within each of these sections, I explain how the teachers’ 

conceptions related to their levels of implementation fidelity.  

I conclude this section by comparing the pairs of teachers who taught the same 

chapters: first Terri and Kimberly who both taught the Linear Programming—Maximization 

chapter and then Gina and Sharon who both taught the Sensitivity Analysis chapter. For each 

pair, I provide answers to the first research question and to the second research question. 

 Implementation fidelity. In general, the four teachers were faithful to the authors’ 

intentions, but there was a range of implementation fidelity seen within and among the 

teachers. The teachers’ content and presentation fidelity results are discussed in more detail 

below. For further detail about how the authors’ intentions were identified, see Chapter 

Three. 

 Content fidelity. Most teachers had high content fidelity. Both Gina and Sharon 

followed the text extremely closely during their implementations of the Sensitivity Analysis 

chapter. Kimberly also used the curriculum extensively, but she included an SAT warm-up 

each day that lowered her content fidelity. Terri was the only teacher with consistently low 

content fidelity. Although she included problems from the MDM curriculum, she also 

brought in materials from outside resources.  
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 Presentation fidelity. The general presentation fidelity results are shown in Table 

4.29 (see Appendix C for a description of the indicators). The four teachers tended to have 

medium to high presentation fidelity. Kimberly was the only teacher to have several 

indicators labeled as “exemplary”, and Sharon was the only teacher with several indicators 

labeled as “not observed”. Terri and Gina tended to be in the middle. Here, I discuss the 

indicators that were observed most often and least often from the four teachers. 

The indicators that were observed in the majority of all four teachers’ lessons were: 

(a) Social Support, (b) Knowledge Integration, (c) Background Knowledge, and (d) Problem-

Based Curriculum. Three of these indicators—Knowledge Integration, Background 

Knowledge, and Problem-Based Curriculum—fall under the Connectedness focus of the 

Productive Pedagogies framework, and these indicators tended to be observed when the 

teacher followed the curriculum closely. That is, there seemed to be a connection between 

content fidelity and presentation fidelity in the Connectedness focus of the framework. 

 The indicator that was observed the least was the Technology indicator, which was 

not surprising because most of Terri’s and Kimberly’s lessons did not require technology. 

Gina was the only teacher to consistently and appropriately utilize technology in her 

classroom. 

Also notable were the indicators that were observed in the majority of two teachers’ 

lessons: Knowledge as Problematic and Inclusivity. The Knowledge as Problematic indicator 

was not observed in the majority of Terri’s and Kimberly’s lessons but was observed in the 

majority of Gina’s and Sharon’s lessons. This makes sense because Terri and Kimberly  
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Table 4.29 

Presentation Fidelity Results 

Observed in all 

Four Teachers 

Observed in Three of 

the Teachers 

Observed in Two of 

the Teachers 

Observed in One 

of the Teachers 

Social Support 
Higher order 

thinking 

Knowledge as 

problematic 
Technology 

Knowledge 

integration 
Understanding Inclusivity  

Background 

knowledge 

Substantive 

conversation 
  

Problem-based 

curriculum 
Metalanguage   

 
Academic 

engagement 
  

 
Connectedness to the 

world 
  

 

included more outside materials (i.e., had lower content fidelity) than did Gina and Sharon. 

Since the MDM curriculum authors attempted to show knowledge as constructed and 

problematic in the text, teachers who were more faithful to the content tended to be more 

faithful to this indicator. In addition, the Inclusivity indicator was observed during Terri’s and 
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Kimberly’s lessons but not during Gina’s and Sharon’s lessons. It is not surprising that the 

Inclusivity indicator was observed only half of the time because the MDM curriculum does 

not often acknowledge, support, or incorporate student diversity. There was unlikely any 

connection between teachers’ content fidelity and the Inclusivity indicator, but it is 

interesting to note that this indicator was not observed during the observations of the two 

teachers with the highest content fidelity. 

Conceptions related to implementation fidelity. Teachers’ conceptions influenced 

their instructional decisions and thus their implementation fidelity. The most common 

conceptions that emerged among the four teachers were their beliefs about students and 

beliefs about teaching. However, there were also examples of the other conceptions: beliefs 

about curriculum, beliefs about math, and subject matter knowledge. Each of these 

conceptions is discussed in more detail below, listed in alphabetical order.  

 Beliefs about curriculum. The most common beliefs about the MDM curriculum that 

emerged from the interview data were: (a) a general positivity about the materials, (b) the 

appropriateness of the materials, and (c) the challenging or complex nature of the materials. 

The beliefs about curriculum that all four teachers mentioned were: (a) a general positivity 

about the materials and (b) the materials and problems sometimes dragged or were too long. 

Sharon mentioned her beliefs about curriculum more than the other teachers, with 34 

total instances (Sharon’s total interview time of 133 minutes). Kimberly mentioned her 

beliefs about curriculum the least, with only eight total instances (Kimberly’s total interview 

time of 119 minutes). 
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 The teachers’ beliefs about the MDM curriculum influenced their levels of 

implementation fidelity in different ways. The ways in which teachers’ conceptions 

influenced their content and presentation fidelity levels are detailed in Table 4.30. 

 

Table 4.30 

Beliefs about Curriculum 

 Beliefs about Curriculum Teacher 

Beliefs that were related to high content 

fidelity 

Positive about materials 
Sharon 

 Versions of the text Gina 

Belief that were related to low content fidelity Not appropriate for students Terri 

Belief that were related to high presentation 

fidelity 

Appropriate for students 
Terri 

Belief that were related to low presentation 

fidelity 

Challenging/Complex 
Sharon 

 

Sharon’s and Gina’s beliefs about the MDM curriculum increased their content 

fidelity. Sharon was generally positive about the materials, and this was one of the reasons 

she chose to follow the text so closely during her observed lessons. Gina did not think she 

could teach the Sensitivity Analysis concepts until she saw the new version of the text and 

how the concepts were developed, explained, and explored; thus, her beliefs about the new 
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version of the text increased her content fidelity. On the other hand, Terri’s belief that the 

MDM curriculum was not appropriate for her students influenced her decision to use outside 

resources, which decreased her content fidelity.  

 The teachers’ beliefs about the curriculum also influenced their presentation fidelity. 

Terri believed that some components of the curriculum were appropriate for her students, 

particularly the emphasis on group work, and this led to her having higher presentation 

fidelity. Alternatively, Sharon believed the materials were too challenging for her students, 

and this led to her guiding students through the materials with lecture, which decreased her 

presentation fidelity. 

 Beliefs about math. The most common beliefs about math were: (a) the importance 

of correct vocabulary or syntax, (b) a general opinion about the use of vocabulary in math, 

and (c) that there are multiple ways to solve a problem. There were no beliefs about math that 

all four teachers mentioned. Terri most often mentioned her beliefs about math, with a total 

of 14 instances (Terri’s total interview time was 139 minutes). Gina only mentioned her 

beliefs about math one time (Gina’s total interview time was 102 minutes). 

There was little evidence of the teachers’ beliefs about math influencing their levels 

of implementation fidelity. The only example was Terri’s and Sharon’s belief about the 

importance of math vocabulary causing the Metalanguage indicator to be observed, and thus 

increasing their presentation fidelity levels. More data need to be collected to learn more 

about the connection between teachers’ beliefs about math and their levels of implementation 

fidelity.  



266 
 
 
 

 

Beliefs about students. The most common beliefs about students were: (a) knowing 

where students had issues or struggled, (b) student engagement, and (c) knowing where 

students would struggle. Putting the first and third code together, the teachers expressed 

many beliefs about student struggles. The beliefs about students that all four teachers 

mentioned were: (a) knowing where students had issues or struggled, (b) student 

engagement, (c) knowing where students would struggle, (d) student accountability, (e) 

student background, (f) student levels, (g) students reading, and (h) students working in 

groups.  

Terri mentioned her beliefs about students more than the other teachers, with a total 

of 87 instances (Terri’s total interview time was 139 minutes). Gina talked about her beliefs 

about students the least, with a total of 37 instances (Gina’s total interview time was 102 

minutes). 

There was evidence that teachers’ beliefs about students were related to both high and 

low levels of implementation fidelity. The ways in which teachers’ conceptions influenced 

their content and presentation fidelity levels are detailed in Table 4.31. 

First, teachers’ beliefs about students caused some teachers to increase their content 

fidelity. For example, Kimberly and Sharon thought students should be held accountable for 

their knowledge. They both mentioned not wanting to “re-teach” previous concepts. This 

belief led to them following the MDM curriculum more closely and thus having higher 

content fidelity. 
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Table 4.31 

Beliefs about Students 

 Beliefs about Students Teacher 

Beliefs that were related to high content fidelity Student accountability Kimberly 

  Sharon 

Beliefs that were related to low content fidelity Student backgrounds Kimberly 

 Student 

issues/struggles 
Terri 

  Sharon 

Belief that were related to high presentation 

fidelity 

Student 

issues/struggles 
Kimberly 

Beliefs that were related to low presentation 

fidelity 

Student backgrounds 
Kimberly 

 Student 

issues/struggles 
Terri 

  Sharon 

 Student engagement Gina 

  Sharon 

 

Second, teachers’ beliefs about students sometimes decreased their content fidelity. 

For example, Terri and Sharon believed that students struggle with certain content. This 
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caused Terri to bring in materials from outside resources, which decreased her content 

fidelity. This conception caused Sharon to omit a section from the Linear Programming—

Maximization chapter that she thought students would struggle with, which decreased her 

content fidelity. Furthermore, Kimberly had decreased content fidelity due to her beliefs 

about student backgrounds. She believed students did not have sufficient mathematical 

backgrounds, and so she incorporated an SAT warm-up into her class each day that was 

unrelated to the MDM materials.  

Third, teachers’ beliefs about students influenced their presentation fidelity, and these 

beliefs usually decreased their presentation fidelity. For example, Gina and Sharon believed 

that students would be disengaged and off task if they were asked to work independently or 

in small groups. This belief about student engagement lowered their presentation fidelity. 

Furthermore, because Terri and Sharon believed students struggled with certain concepts, 

they chose to provide a significant amount of guidance, which often came in the form of 

lecture. This belief decreased their presentation fidelity. On the other hand, Kimberly 

believed that students struggled with certain concepts, but she thought the best way to handle 

that was to let students work in groups and to address issues as they emerged, rather than 

providing guidance each step of the way. Thus, Kimberly’s belief about student struggles 

increased her presentation fidelity; although, this belief was connected to her beliefs about 

teaching, which is discussed below. 

Beliefs about Teaching. The most common beliefs about teaching were: (a) student 

thinking and understanding, (b) students experiencing, and (c) time constraints or timing. All 
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four teachers mentioned (a) student thinking and understanding, (b) time constraints or 

timing, (c) the importance of class discussions, (d) students explaining or presenting, (e) 

group work, and (f) their confidence or comfort as a teacher.  

Sharon discussed her beliefs about teaching the most, with a total of 93 instances 

(Sharon’s total interview time was 133 minutes). Gina discussed them the least, with a total 

of 37 instances (Gina’s total interview time was 102 minutes). 

There was evidence that teachers’ beliefs about teaching could both increase and 

decrease their levels of implementation fidelity. The ways in which teachers’ conceptions 

influenced their content and presentation fidelity levels are detailed in Table 4.32. 

Teachers’ beliefs about teaching influenced their levels of implementation fidelity. Typically, 

these beliefs influenced their presentation fidelity more than their content fidelity. Only 

Kimberly showed evidence of a connection between her beliefs about teaching and her 

content fidelity. She believed one of the important roles of a teacher is to prepare students for 

their futures, and this belief caused her to have both low and high content fidelity. For 

example, Kimberly wanted to prepare students to take the SAT, which would allow them to 

go to college. Thus, she included an SAT warm-up each day, which decreased her content 

fidelity. On the other hand, she believed the MDM curriculum provided real-world examples 

that would prepare students for life and careers after high school, and so she followed the 

curriculum very closely, which increased her content fidelity. Therefore, the only evidence of 

a connection between beliefs about teaching and content fidelity was Kimberly’s belief about 

needing to prepare students, which both decreased and increased her content fidelity. 
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Table 4.32 

Beliefs about Teaching 

 Beliefs about Teaching Teacher 

Belief that were related to high content 

fidelity 

Need to prepare students 
Kimberly 

Belief that were related to low content 

fidelity 

Need to prepare students 
Kimberly 

Beliefs that were related to high 

presentation fidelity 

Need to prepare students 
Kimberly 

 Group work Kimberly 

 Experiencing Sharon 

 Student thinking/understanding Terri 

  Gina 

  Sharon 

Belief that were related to low 

presentation fidelity 

Need to prepare students 
Kimberly 

 

Generally, teachers’ beliefs about teaching increased their presentation fidelity. All 

teachers discussed the importance of student thinking and understanding (although Kimberly 

discussed it substantially less than the other teachers), and this belief increased their levels of 

presentation fidelity. Other beliefs about teaching increased teachers’ presentation fidelity as 
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well, such as Kimberly’s belief about the importance of group work or Sharon’s belief about 

the importance of students experiencing the lesson. Typically, the teachers’ beliefs about 

teaching aligned with the authors’ pedagogical intentions, and so their beliefs increased their 

presentation fidelity. 

On a side note, one notable finding is that all four teachers consistently mentioned 

timing or being constrained by time. This conception did not necessarily influence their 

levels of implementation fidelity, but it is notable because none of the teachers were 

constrained by an end-of-course test. Terri was the only teacher who had a standard course of 

study that her administrators expected her to follow. The other teachers had the freedom to 

choose what they taught and when they taught it. Yet all of them mentioned feeling 

constrained by time, and all of them, except Kimberly, mentioned wanting to “get through” a 

certain point in the materials. This is an interesting finding because the teachers felt pressure 

to cover materials, even when an external pressure did not exist. Future research would need 

to explore this further.  

Subject matter knowledge. The most common subject matter knowledge codes were: 

(a) lack of subject matter knowledge, (b) feeling or not feeling prepared, and (c) feeling 

confident in her subject matter knowledge. The codes that were mentioned by all teachers 

were: (a) feeling or not feeling prepared and (b) confidence in her subject matter knowledge.  

Sharon mentioned her subject matter knowledge more often than the other teachers, 

with a total of 23 instances (Sharon’s total interview time was 133 minutes), while Kimberly 



272 
 
 
 

 

mentioned it the least, with a total of eight instances (Kimberly’s total interview time was 

119 minutes). 

Teachers’ subject matter knowledge sometimes influenced their levels of 

implementation fidelity, but this was not common. The ways in which teachers’ conceptions 

influenced their content and presentation fidelity levels are detailed in Table 4.33. 

 

Table 4.33 

Subject Matter Knowledge 

 Subject Matter Knowledge 

Codes 
Teacher 

Belief that were related to high content 

fidelity 

Lack of subject matter 

knowledge 
Gina 

Belief that were related to low presentation 

fidelity 

Lack of subject matter 

knowledge 
Sharon 

 

Gina and Sharon showed some connection between subject matter knowledge and 

implementation fidelity. Gina expressed a lack of subject matter knowledge during her 

interviews, and this led to her following the text very closely because she was not 

comfortable straying from it. Sharon also expressed a lack of subject matter knowledge, but 

this influenced her instruction in a very different way than it influenced Gina’s instruction. 
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Sharon’s lack of subject matter knowledge led her to provide significant guidance and lecture 

for several portions of her observed lessons, which decreased her presentation fidelity.  

Note that the teachers who showed evidence of a connection between their knowledge 

and their implementation fidelity were Gina and Sharon, the two teachers implementing the 

Sensitivity Analysis chapter. This chapter is very new and different for teachers, and, based 

on my experiences working with MDM teachers, many of them choose not to implement it 

because they find it too difficult. Thus, it is not surprising that Gina’s and Sharon’s subject 

matter knowledge played a role in their implementation of this chapter. 

 Cross-case analysis: Terri and Kimberly. As mentioned earlier, Terri and Kimberly 

both implemented the Linear Programming—Maximization chapter. Although the two 

teachers implemented the same chapter, their observations and interviews yielded very 

different data. In this section, I discuss the implementation fidelity levels and the conceptions 

related to the implementation fidelity levels for these two teachers. 

 Implementation fidelity. I observed both teachers implement the Lego problem and 

the Computer Flips problem from the MDM curriculum. During their implementations of the 

Lego problem, both teachers had students use Legos to model the problem, which was 

recommended in the MDM materials. Kimberly asked her students to open up their textbooks 

and answer the in-text questions as they solved the Lego problem. On the other hand, Terri 

provided a worksheet that listed questions for the students to answer. These questions were 

similar to some of the questions in the MDM text, but they were simplified and did not push 

the students to interpret the problem after solving it. 
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 Kimberly spent one 50-minute class period on the Lego problem and the 

corresponding in-text questions, and then she moved on to the next problem in the textbook. 

The students did not use any linear programming techniques during this problem because the 

textbook does not introduce linear programming until the following problem. Generally, 

Kimberly followed the text extremely closely when working through the Lego problem. Her 

content fidelity was very high. 

Terri spent approximately 20 minutes having students informally solve the Lego 

problem using the Lego pieces. Then, she introduced several vocabulary terms and steps for 

the students to follow when completing a linear programming problem. She showed students 

how to solve the Lego problem using linear programming techniques. Later, she showed 

them how to solve the Lego problem using Microsoft Excel. In the MDM textbook, students 

are not expected to solve the Lego problem using these advanced techniques. However, Terri 

utilized resources from the summer workshops, where we did use such techniques. 

Therefore, Terri was not faithful to the text itself, but she was faithful to other materials 

provided to her through the MDM curriculum. Thus, she was faithful to the content of the 

Lego problem. 

After completing the Lego problem, Kimberly spent the next several days on the 

Computer Flips problem. The students worked in groups to complete all the in-text questions, 

and Kimberly walked around asking and answering questions. With the exception of the SAT 

warm-ups that she utilized daily, Kimberly remained completely faithful the MDM textbook. 
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Furthermore, Kimberly’s daily use of group work and the types of questions she asked 

increased her presentation fidelity.  

On the other hand, Terri introduced several problems from outside resources after 

completing the Lego problem. She had students practice several two-variable linear 

programming problems before introducing the Computer Flips context. The use of these 

outside resources substantially decreased Terri’s content fidelity. Then, during her 

implementation of the Computer Flips problem, Terri gave students a condensed version of 

the problem with only five questions asked (compared to the 42 questions asked in the MDM 

textbook). Then, they solved the problem together as a class, using the steps for linear 

programming. She skipped a significant amount of information that was in the materials, 

which lowered her content fidelity. Moreover, Terri’s instructional techniques included group 

work, whole-class discussions, and lecture. These techniques showed evidence of both high 

and low presentation fidelity. 

Both teachers implemented the same problem contexts during the observed lessons. 

However, the content and the instructional techniques varied greatly between the two 

teachers. Kimberly consistently had high content and presentation fidelity, with the exception 

of the daily SAT warm-ups. Terri showed a much larger range in her implementation fidelity. 

She sometimes included materials from the MDM curriculum, but she often strayed; she 

incorporated the types of instructional techniques envisions by the curriculum authors, but 

she sometimes did not. Therefore, two teachers implementing the same chapter can look 

extremely different. 
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 Conceptions related to implementation fidelity. Terri and Kimberly also showed 

evidence of different conceptions and how those conceptions influenced their levels of 

implementation fidelity. The main conception that influenced Terri’s implementation fidelity 

levels was her beliefs about students’ issues and struggles. She often believed that students 

could not handle certain information or that they needed more steps and guidance. This 

caused her to introduce outside problems that she thought were more appropriate for them 

(low content fidelity) and to include steps and guidance throughout the lessons (low 

presentation fidelity). Kimberly also mentioned her beliefs about students’ issues and 

struggles, but this came to fruition in quite a different way. She believed students may 

struggle with certain materials or concepts, but she thought the best way to address these 

issues was for the students to work through them on their own or with their classmates. This 

increased her presentation fidelity. Both teachers mentioned students’ issues and struggles, 

but this conception influenced their implementation fidelity in different ways. Note that it is 

possible that the different student populations could have influenced the teachers’ instruction. 

Future research should examine the student factors when studying teachers’ implementation 

of the MDM curriculum.  

 The main conception that influenced Kimberly’s implementation fidelity was her 

belief that she needed to prepare students for future math courses and for life after high 

school. This belief typically led to increased content and presentation fidelity, with the 

exception of her daily SAT warm-up. Terri also expressed that she wanted to prepare 

students for the future, but she wanted to make sure that students had the algebra skills 
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necessary in future math courses. Therefore, she included more algebraic topics that were not 

necessarily related to the MDM curriculum. On the other hand, Terri also wanted to prepare 

students for careers after high school, and so she utilized the MDM curriculum to show them 

examples of how math can be used in the real world, which increased her content fidelity. 

 Overall, Terri and Kimberly did not show many similar conceptions. The main ones 

that emerged were beliefs about students’ issues and struggles and a belief about needing to 

prepare students. The beliefs about students’ issues and struggles decreased Terri’s 

implementation fidelity and increased Kimberly’s implementation fidelity. The belief about 

needing to prepare students was related to an increase and decrease in both teachers’ 

implementation fidelity levels, but the specific ways it affected their levels varied.  

Cross-case analysis: Gina and Sharon. As mentioned earlier, Gina and Sharon both 

implemented the Sensitivity Analysis chapter. Like Terri and Kimberly, Gina’s and Sharon’s 

observations and interviews yielded very different data. In this section, I discuss their 

implementation fidelity and the conceptions related to their implementation fidelity for these 

two teachers. 

 Implementation fidelity. I observed both teachers implement the Computer Flips 

problem from the Sensitivity Analysis chapter of the MDM curriculum. This problem was 

introduced in the previous chapter (Linear Programming—Maximization) and was revisited 

in this chapter with the goal of analyzing and interpreting the solution. The MDM curriculum 

authors intended for students to answer in-text questions that used graphs and Microsoft 

Excel to analyze and interpret solutions. 
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 During Gina’s implementation of the Computer Flips problem, students were seated 

in pairs, where each pair had their own laptop computer. She used a combination of group 

work and whole-class discussion to guide students through the in-text questions in the 

textbook. Students used their computers throughout the lessons, and they wrote their answers 

to in-text questions on a piece of paper that they turned in for a grade. Gina had very high 

content fidelity and generally high presentation fidelity. 

 On the other hand, Sharon’s lessons included more teacher-guided instruction. Like 

Gina, she utilized the textbook extensively, but Sharon provided significantly more guidance 

and lecture than Gina did. Sharon did not have access to a computer cart; thus, her class went 

to a computer lab during two of the observations. Although Sharon had regular access to 

computers, she did not encourage their use like Gina did. Gina led class discussions while 

students were on computers and making the discussed changes to their spreadsheets; Sharon 

lectured before letting students on the computers, and then she provided templates and 

worksheets for them to follow while working on the computers.  

 Therefore, both teachers were faithful to the content. They never used outside 

materials, and they consistently followed along in the text, asking in-text questions. 

However, Gina’s presentation fidelity levels were quite different from Sharon’s. This was 

primarily due to Gina using group work, whole-class discussions, and technology while 

Sharon used lecture and whole-class discussions; she only occasionally incorporated group 

work and technology into her lessons. Both teachers implemented the same problem context 

during the observed lessons, and while the content was the same in the two classrooms, the 
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instructional techniques varied greatly between the two teachers. Hence, as was seen with 

Terri and Kimberly, two teachers implementing the same materials can look extremely 

different. 

 Conceptions related to implementation fidelity. Sharon and Gina shared some of the 

same conceptions related to their implementation fidelity. For example, both teachers 

discussed student engagement, and both teachers were concerned that if they allowed 

students to work on their own, then they would not complete the assignments. Since the 

MDM curriculum authors expected students to regularly work in groups, Sharon’s and 

Gina’s beliefs about student engagement decreased their presentation fidelity. 

 On the other hand, both teachers consistently mentioned the importance of student 

thinking and understanding. This belief increased their presentation fidelity because the 

MDM curriculum emphasizes student thinking and understanding. 

 Moreover, Gina’s and Sharon’s subject matter knowledge played a large role in their 

instructional decisions and implementation fidelity. As mention earlier, the Sensitivity 

Analysis chapter is very new and different for most high school mathematics teachers. Thus, 

it was not surprising that both Gina and Sharon repeatedly mentioned their subject matter 

knowledge during their interviews, specifically their lack of subject matter knowledge. 

However, this lack of subject matter knowledge influenced the two teachers’ implementation 

fidelity in different ways. Gina’s lack of subject matter knowledge caused her to follow the 

MDM textbook very closely because she was not comfortable straying from it. Sharon’s lack 

of subject matter knowledge caused her to lecture often because she was not comfortable 
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answering students’ questions. Thus, Gina’s lack of subject matter knowledge increased her 

content fidelity while Sharon’s lack of subject matter knowledge decreased her presentation 

fidelity. 

 Overall, Gina and Sharon did not have many similar conceptions, but they had a few 

main ones in common. In particular, their beliefs about student engagement decreased their 

presentation fidelity levels; their belief about the importance of student thinking and 

understanding increased their presentation fidelity levels; and Gina’s lack of subject matter 

knowledge increased her content fidelity while Sharon’s lack of subject matter knowledge 

decreased her presentation fidelity. 

Chapter Summary  

The four case-study teachers showed a range of implementation fidelity. Only one 

teacher (Terri) had low content fidelity for the majority of her lessons, and only one teacher 

(Sharon) had somewhat low presentation fidelity for the majority of her lessons. There was 

some evidence that teachers’ content fidelity connected to their presentation fidelity, 

particularly to the Connectedness focus in the Productive Pedagogies framework. 

Teachers’ conceptions influenced their implementation fidelity. The most common 

conceptions that emerged were teachers’ beliefs about students and beliefs about teaching. 

Teachers’ beliefs about students were related to both high and low content fidelity, and they 

were related to low presentation fidelity. Teachers’ beliefs about teaching were rarely related 

to their content fidelity, but they were often related to high presentation fidelity. 
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Other conceptions also emerged, but not as frequently as teachers’ beliefs about 

students and teaching. Teachers’ beliefs about the MDM curriculum were related to high and 

low content fidelity as well as high and low in presentation fidelity. Teachers’ subject matter 

knowledge only emerged with two teachers; lack of subject matter knowledge was related to 

high content fidelity in Gina’s case and low presentation fidelity the Sharon’s case. 

Generally, teachers’ beliefs about math did not emerge very often during the interviews, and 

thus, these beliefs did not play a large role in their instructional decisions.  

When comparing the two pairs of teachers, I found that the implementation of the 

same materials looked different in different classrooms. Terri and Kimberly implemented the 

same problem contexts during their observed lessons, but Terri generally had much lower 

implementation fidelity than did Kimberly. Terri most often discussed the issues and 

struggles of her students, and Kimberly most often discussed her need to prepare students. 

These conceptions influenced the teachers’ instruction in different ways. Gina and Sharon 

also implemented the same problem context during the observed lessons, but both teachers 

showed extremely high content fidelity. On the other hand, Gina had high presentation 

fidelity while Sharon had low presentation fidelity. Both Gina and Sharon expressed (a) 

beliefs about student engagement, which decreased their presentation fidelity, (b) beliefs 

about the importance of student thinking and understanding, which increased their 

presentation fidelity, and (c) a lack of subject matter knowledge, which increased Gina’s 

content fidelity but decreased Sharon’s presentation fidelity. Based on these analyses, it is 
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easy to see how the implementation of materials in two classrooms can look extremely 

different. 

In sum, most teachers were faithful to the authors’ intentions, but there was still a 

range of implementation fidelity. Teachers’ beliefs about students and beliefs about teaching 

played large roles in their implementation fidelity, teachers’ beliefs about the MDM 

curriculum and subject matter knowledge played smaller roles, and teachers’ beliefs about 

math were rarely discussed during the interviews.   
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Chapter Five: Teacher Log and Survey Results 

 To quantitatively investigate teachers’ implementation fidelity and their conceptions 

related to their implementation fidelity, I utilized teacher logs and a survey. The purpose of 

the teacher logs was to determine teachers’ levels of implementation fidelity for a set of 

problem contexts in the mathematical programming chapters. The purpose of the survey was 

to examine teachers’ conceptions, and the results from the survey were correlated with the 

results from the teacher logs to determine any connections between teachers’ conceptions and 

their levels of implementation fidelity. 

 In this chapter, I first present the results from the teacher logs (see Chapter Three for 

a detailed description of teacher logs). I begin by calculating the individual scores for one 

teacher and explaining what these scores mean in terms of the teacher’s implementation 

fidelity. Then, I give the overall results from all the teachers who completed logs, the results 

for individual logs, and the results for the researcher-completed logs from the four case-study 

teachers. Second, I give the results from the beliefs and knowledge survey. I used a statistical 

test, described in Chapter Three, to investigate any correlations that existed between the 

teachers’ conceptions (from the survey) and their levels of implementation fidelity (from the 

teacher logs). I conclude the chapter by discussing some of the significant and notable results 

from this correlation. 

Implementation Fidelity 

The first research question (How do teachers’ implementations of a mathematical 

decision-making curriculum align with the authors’ intentions?) was quantitatively answered 
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using teacher logs. A total of 16 logs were created (one log for each problem context in the 

mathematical programming chapters), but only 14 logs were completed by at least one 

teacher. One log from the Integer Programming chapter was not completed (Section 5.3: 

Transporting Oranges to Midwest Markets), and one log from the Binary Programming 

chapter was not completed (Section 6.2: Sam Johnson Makes a Hard Decision).  

Each log contained a list of items that detailed instructional decisions teachers may 

make for one problem context. Teachers checked an item if they made that instructional 

decision during their implementation of the respective problem. Some of the items supported 

the authors’ mathematical storyline [MSL], some went against their MSL, some supported 

their pedagogical storyline [PSL], and some went against their PSL. Recall that Heck et al. 

(2012) described the MSL as “which topics are addressed, at what depth different topics are 

addressed, and/or what learning goals and student expectations are pursued” (p. 3). The PSL 

referred to “which activities are conducted and how they are conducted in terms of openness 

or guidance, how students are grouped for instructional activities, and whether the patterns of 

interaction that are designed are actually pursued” (pp. 4-5). Note that a connection can be 

made between the MSL and content fidelity because they both consider the content criterion 

for studying implementation fidelity, and a connection can be made between the PSL and 

presentation fidelity because they both consider the pedagogical criterion for studying 

implementation fidelity. 

For each log, teachers received four scores. First, the mathematical adherence score 

showed how closely teachers followed the items that supported the authors’ MSL. Second, 
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the mathematical focus score showed how closely teachers followed the items that supported 

the authors’ MSL and the extent to which teachers did not follow the items that went against 

the authors’ MSL. Third, the pedagogical adherence score showed how closely teachers 

followed the items that supported the authors’ PSL. Fourth, the pedagogical focus score 

showed how closely teachers followed the items that support the authors’ PSL and the extent 

to which teachers did not follow the items that went against the authors’ PSL.  

Thirteen teachers completed at least one log. The number of logs completed by each 

teacher ranged from 1 to 12, with an average of approximately four logs completed per 

teacher. Before giving the results from these 13 teachers and to present the details of the 

calculations for reader clarity, I examine results from one of the teachers. 

Results from one teacher. To give a clear picture of how the scores were calculated, 

I discuss two sets of scores from one teacher. I chose this teacher to discuss because he 

completed more logs than any other teacher and because he showed variety within his scores. 

Daniel (pseudonym) completed 12 logs, at least one from each chapter. Table 5.1 shows his 

overall average, maximum, and minimum scores from the 12 logs. There was a wide range of 

scores, but his overall averages were relatively low. In this section, I show how I calculated 

the four scores for two of Daniel’s logs, one of which yielded high scores and one of which 

yielded low scores.  
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Table 5.1 

Daniel’s Teacher Log Results 

 Average Maximum Minimum 

Mathematical Adherence 0.5822 0.875 0.3714 

Mathematical Focus 0.7179 0.9375 0.4881 

Pedagogical Adherence 0.5451 1 0.2 

Pedagogical Focus 0.6867 1 0.45 

 

 The Lego problem. Daniel first completed a log for the Lego problem in the Linear 

Programming—Maximization chapter. Daniel’s scores were high on this log. He had a 

mathematical adherence score of 0.875, a mathematical focus score of 0.9375, a pedagogical 

adherence score of approximately 0.8333, and a pedagogical focus score of approximately 

0.8167. Each of these scores is discussed here in detail. 

 Mathematical adherence and focus scores. The mathematical adherence and focus 

scores were calculated using the authors’ MSL. In the Lego problem, the overall storyline 

was for students to informally solve a linear programming problem by building Lego tables 

and chairs. This storyline included exploring the problem, answering in-text questions, 

learning new vocabulary, and interpreting the solution. For example, an item on the teacher 

log that supported this MSL was “Students solved this problem without using any linear 

programming” because students were expected to informally solve the problem. There were 

also items that went against this MSL, such as “Students solved the problem using Excel 
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Solver,” again, because this problem was meant to be introductory and exploratory; students 

were not expected to use Microsoft Excel to solve linear programming problems until later in 

the chapter. There were 16 total items on the log that supported the authors’ MSL and six 

items that went against the MSL. 

The mathematical adherence score refers to how closely Daniel adhered to the 

authors’ MSL. This was calculated using the items that supported the authors’ MSL. There 

were 16 such items, and Daniel checked off 14 of them. Thus, his mathematical adherence 

score was: 

Adherence
Number of fidelity elements enacted

Total number of fidelity elements

14

16
0.875 

The two items that Daniel did not check were related to the interpretation of the problem; he 

skipped the last part of the section that emphasized expanding the problem. Overall, Daniel 

had a high mathematical adherence score because he completed most of the items related to 

the authors’ MSL. 

 The mathematical focus score also refers to the MSL, but it takes into account the 

items that went against the MSL as well as the items that supported it. It is calculated using 

the following formula: 

Focus
1

Number of fidelity elements enacted
Total number of fidelity elements

Number of other elements enacted
Total number of other elements

2
 

In the Lego problem, there were six items that went against the authors’ MSL, and Daniel did 

not check any of these items. Therefore, his mathematical focus score was: 
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Focus
1

14
16

0
6

2
0.9375 

This score was higher than the mathematical adherence score because not only did Daniel 

implement most of the items that supported the MSL, he implemented none of the items that 

went against it.  

 Pedagogical adherence and focus scores. The pedagogical adherence and focus 

scores were calculated in the same way as the mathematical scores, but the pedagogical 

scores referred to the authors’ PSL rather than the MSL. In all of the teacher logs, the 

authors’ PSL emphasized a student-centered classroom, where students were given the 

opportunity to experience the lesson by predicting, exploring, reading, analyzing, explaining, 

and interpreting. For example, the following item supports the PSL: “Students completed in-

text questions #1-15 individually, in pairs, or in small groups.” On the other hand, the item, 

“I gave students the answers to in-text questions #1-15 in front of the class” goes against the 

PSL. 

 In the Lego problem, there were six items that supported the PSL, and Daniel checked 

off five of them. The only item that he did not choose was, “Students predicted what the 

production rates should be before completing the Lego problem.” Therefore, Daniel did not 

give students the opportunity to make predictions about the optimal solution before 

beginning the problem. Nonetheless, his pedagogical adherence score was high because he 

remained relatively faithful to the authors’ PSL: 

Adherence
Number of fidelity elements enacted

Total number of fidelity elements

5

6
0.8333 
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 Lastly, there were five items that went against the authors’ PSL, and Daniel did one 

of them. On the log, Daniel indicated that he read some of the problem out loud to the 

students, but the authors expected students to read the materials themselves. Therefore, 

Daniel’s pedagogical focus score was: 

Focus
1

Number of fidelity elements enacted
Total number of fidelity elements

Number of other elements enacted
Total number of other elements

2
	

1
5
6

1
5

2
0.8167 

Since there was only one item that Daniel did not do that supported the PSL and there was 

only one item that Daniel did do that went against the PSL, his pedagogical focus score was 

relatively high.  

 Daniel had high mathematical adherence, mathematical focus, pedagogical 

adherence, and pedagogical focus scores for this log, which indicates that he implemented 

the Lego problem with high fidelity. However, this was not always the case. 

Computer Flips. Daniel completed a log for the Computer Flips problem in the 

Sensitivity Analysis chapter. On this log, Daniel’s scores were much lower than they were in 

the Lego problem. He had a mathematical adherence score of approximately 0.4286, a 

mathematical focus score of approximately 0.5893, a pedagogical adherence score of 0.2, and 

a pedagogical focus score of 0.45. 

Mathematical adherence and focus scores. The Computer Flips problem in the 

Sensitivity Analysis chapter introduces the reports generated by Microsoft Excel that are 

used to interpret and analyze a linear programming solution. The overall MSL for this 
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problem was for students to explore some of the pieces of the Answer Report and the 

Sensitivity Report. This included new vocabulary and many in-text questions where students 

were asked to change values in their spreadsheets to see the ramifications of these changes. 

An item on this log that supported this storyline was, “Students interpreted the meaning of 

the various pieces of the Answer Report in terms of the problem context.” On the other hand, 

an item that went against the MSL was, “Students calculated the values in the Sensitivity 

Report by hand” because such calculations were not a part of this storyline and would be 

considered a waste of time.  

There were 21 total items that supported the authors’ MSL, and Daniel checked off 

nine of them. For example, he indicated that “The students read the linear programming 

formulation in the text” and that he “gave students the solution to this problem.” These items 

supported the MSL. However, Daniel did not check off the item, “Students used Excel Solver 

to find the optimal solution to the Computer Flips problem” or the item, “Students analyzed 

their solution by changing constraints in Excel.” His mathematical adherence score was: 

Adherence
9

21
0.4286 

This low score seemed to be due to the fact that Daniel’s students did not use Excel when 

completing this problem.  

 Daniel’s mathematical focus score was also low. There were four items that went 

against the MSL, and Daniel did one of them: he did not assign students homework after 

completing the problem. Therefore, his mathematical focus score was: 
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Focus
1

9
21

1
4

2
0.5893 

This low score was partially due to his low adherence score and partially due to the one item 

Daniel chose that went against the MSL. Because there were so few items on the log that 

went against the MSL, his focus score was much lower that it would have been if there were, 

for example, 20 items that went against the MSL and Daniel did one of them. However, there 

were few ways to deviate from the MSL in this problem, and so Daniel’s focus score was 

influenced heavily by his choice to not assign homework after this problem. 

 Pedagogical adherence and focus scores. As with the Lego problem, the PSL in the 

Computer Flips problem emphasized a student-centered classroom. There were five items 

that supported the authors’ PSL, and Daniel did only one of them. For example, his students 

were not given the opportunity to read the problem at all or to answer in-text questions 

individually or in groups. Thus, his pedagogical adherence score was: 

Adherence
1

5
0.2 

 Similarly, Daniel’s pedagogical focus score was quite low because he checked off 

three of the ten possible items that went against the authors’ PSL. For example, rather than 

having students generate the Answer Report themselves, Daniel indicated that he “generated 

an Answer Report and showed it to the students.” His pedagogical focus score was: 

Focus
1

1
5

3
10

2
0.45 
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 The low scores on this log seemed to be due to the fact that Daniel’s students were 

not on computers exploring the Answer and Sensitivity Reports individually or in small 

groups. He provided more details about his implementation at the end of the log, where there 

was space for teachers to describe how they implemented the lesson if they did something 

not indicated in the given items. He said he used a PowerPoint presentation, and “students 

took notes as we went through the PowerPoint. While we were moving through the 

PowerPoint, I would switch to the Excel spreadsheet to show them examples of what was 

happening as we changed different items in the spreadsheet.” Therefore, Daniel seemed to be 

faithful to the content; that is, he did not use outside materials when implementing this 

lesson. However, his implementation was not faithful to the authors’ intentions because he 

guided students through the problem without asking any in-text questions or allowing 

students to experience the content on their own. 

 Daniel provided a good example of how these logs can show teachers’ levels of 

implementation fidelity. He showed a wide range of fidelity, which made it easy to see how 

some scores may be higher than other scores. His scores also showed how the teacher logs 

may not show the full picture. For example, he had low mathematical adherence and focus 

scores but seemed to have high content fidelity during his implementation of the Computer 

Flips problem in the Sensitivity Analysis chapter. Despite this potential flaw of the teacher 

logs, they still provide an effective way for researchers to quantitatively measure teachers’ 

implementation fidelity. 
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Overall results. Averages for the four scores were calculated for each of the 13 

teachers, regardless of the number of logs completed. Table 5.2 shows the overall results 

from these logs. In this table, the average score and standard deviation is given for each 

teacher for each of the four scores.  

This table also gives the following overall data: (a) the average of the teacher 

averages, found by averaging the average scores for the 13 teachers; (b) the standard 

deviation of the teacher averages, found by calculating the standard deviation of the average 

scores for the 13 teachers; (c) the average of all the logs, found by averaging all of the 

completed logs across context and teacher (a total of 54 logs were completed); (d) the 

standard deviation of all the logs, found by calculating the standard deviation of all the 54 

completed logs; (e) the minimum teacher average score of the 13 teachers; and (f) the 

maximum teacher average score of the 13 teachers. 

The results showed a wide range of scores from the 13 teachers. In particular, the 

standard deviation values showed the variety within and among the teachers. Table 5.2 shows 

that the standard deviation values of all the logs (found by calculating the standard deviation 

of all the 54 completed logs) were slightly higher than the standard deviation values of the 

teacher averages (found by calculating the standard deviation of the average scores for the 13 

teachers). This shows that there was slightly more variety within teachers than among 

teachers. 
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Table 5.2 

Overall Teacher Log Results 

Teacher 

Number 

Number of 

Completed 

Logs 

Mathematical 

Adherence 

Score 

(Standard 

Deviation) 

Mathematical 

Focus Score 

(Standard 

Deviation) 

Pedagogical 

Adherence 

Score 

(Standard 

Deviation) 

Pedagogical 

Focus Score 

(Standard 

Deviation) 

T1 12 
0.5822 

(.1529) 

0.7179 

(.1238) 

0.5451 

(.2428) 

0.6867 

(.1640) 

T2 7 
0.6638 

(.1933) 

0.8149 

(.0999) 

0.7794 

(.1969) 

0.8897 

(.0985) 

T3 4 
0.7572 

(.1478) 

0.7328 

(.0898) 

0.8333 

(.2357) 

0.8479 

(.0851) 

T4 1 0.9375 (--) 0.9688 (--) 0.8333 (--) 0.9167 (--) 

T5 4 
0.9480 

(.0392) 

0.8832 

(.1078) 

0.8294 

(.2243) 

0.8678 

(.0884) 

T6 1 0.8889 (--) 0.9444 (--) 1 (--) 1 (--) 

T7 8 
0.7284 

(.1466) 

0.7749 

(.1398) 

0.6217 

(.2033) 

0.6949 

(.1829) 

T8 7 
0.7215 

(.1609) 

0.7307 

(.1434) 

0.6643 

(.3473) 

0.7388 

(.2407) 
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Table 5.2 Continued 

T9 2 0.5729 (.3388) 0.7388 (.2368) 0.5 (.2357) 

T10 1 0.9444 (--) 0.7103 (--) 0.8889 (--) 

T11 4 0.8547 (.1219) 0.8023 (.0916) 0.9069 (.1114) 

T12 2 0.9444 (.0786) 0.7961 (.1116) 1 (0) 

T13 1 0.9444 (--) 0.6627 (--) 0.5556 (--) 

Average of  

Teacher Averages: 
0.8068 0.7906 0.7660 0.8386 

SD of Teacher 

Averages 

0.1427 0.0925 0.1714 0.1182 

Average of All 

Logs: 

0.7315 0.7715 0.7070 0.7890 

SD of All Logs 0.1880 0.1265 0.2542 0.1731 

Minimum Teacher 

Average: 
0.5729 0.6627 0.5 0.6688 

Maximum Teacher 

Average: 
0.9480 0.9688 1 1 

 

The pedagogical adherence scores had the largest range of values because T9 only did 

half of the items that supported the authors’ PSL (a pedagogical adherence score of 0.5), 

while T6 and T12 did all of them (pedagogical adherence scores of 1). The pedagogical focus 
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score had the highest average score, and the pedagogical adherence score had the lowest 

average score. The pedagogical focus score included the teacher log items that supported the 

authors’ PSL as well as the items that went against the authors’ PSL; the pedagogical 

adherence score included only the items that supported the PSL. Since the pedagogical focus 

score was high and the pedagogical adherence score was low, teachers rarely went against 

the authors’ PSL, but they did not necessarily support it. 

The teachers with the lowest average scores were T1 and T9. Because T1 completed 

12 logs, he must have had consistently low scores. In particular, the two adherences scores 

were quite low (0.5822 and 0.5451, respectively). This means that this teacher adhered to the 

authors’ MSL and PSL on slightly more than half of the items. T9 also had low scores, 

particularly the adherence scores. However, because T9 only completed two logs, it is more 

difficult to generalize this teacher’s implementation fidelity than it was for T1. 

 The teachers with the highest average scores were T6 and T12. Again, it is difficult to 

generalize about these teachers’ overall level of implementation fidelity because they only 

completed one and two logs, respectively, but it is interesting to note that both teachers had 

pedagogical scores of 1. This means that they did all of the items that supported the authors’ 

PSL (pedagogical adherence) and did none of the items that went against the authors’ PSL 

(pedagogical focus). No teacher had an average score of 1 for either mathematical adherence 

or mathematical focus. Therefore, no teacher was completely faithful to the authors’ MSL. 

 Correlations with the teacher log scores. When studying the scores, there seemed to 

be some correlation between the four scores. For example, a teacher with a high average 
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pedagogical adherence score also seemed to have a high average mathematical adherence 

score. Thus, a Spearman Rank Order correlation was conducted to determine if there were 

indeed any correlations between the scores. The results of the correlation analysis are given 

in Table 5.3. In this discussion, I refer to correlations with p-values less than 0.1 as 

“significantly correlated”; correlations with p-values greater than 0.1 were not considered 

significant. 

 

Table 5.3 

Spearman Rank Order Correlation Matrix for Teacher Log Data (p-values) 

 Mathematical  

Focus 

Pedagogical 

Adherence 

Pedagogical  

Focus 

Mathematical 

Adherence 
.144 (.640) .565** (.044) .645** (.017) 

Mathematical  

Focus 
 .468 (.107) .479* (.098) 

Pedagogical  

Adherence 
  .935*** (.000) 

*p < .1. **p < .05. ***p < .01 

 

All four scores were significantly correlated with the other scores (p < .1), with the 

exception of the mathematical focus scores, which were significantly correlated with the 
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pedagogical focus scores (p = .1) but were not significantly correlated with the mathematical 

adherence scores (p = .64) or the pedagogical adherence scores (p = .11). 

 Four of the correlations in Table 5.3 were significant. First, the mathematical 

adherence scores were significantly correlated with the pedagogical adherence scores. Hence, 

a teacher who supported the authors’ MSL also supported the PSL. Second, the mathematical 

adherence scores were significantly correlated with the pedagogical focus scores; that is, a 

teacher who supported the authors’ MSL also supported and did not go against the PSL. 

Third, the pedagogical adherence scores were significantly correlated with the pedagogical 

focus scores. Therefore, a teacher who supported the authors’ PSL also did not go against the 

PSL. Fourth, the mathematical focus scores were significantly correlated with the 

pedagogical focus scores at a .1 level, meaning that a teacher who supported and did not go 

against the authors’ MSL also supported and did not go against the PSL. 

 Figures 5.1 and 5.2 present graphs of these relationships. Figure 5.1 shows a graph of   

the mathematical adherence scores on the x-axis and the pedagogical adherence scores on the 

y-axis. Each point represents one teacher’s scores. This graph also includes the regression 

line calculated using Microsoft Excel and the value of R2 (0.4208). Figure 5.2 presents a 

graph of the focus scores with the mathematical focus scores on the x-axis and the 

pedagogical focus scores on the y-axis. Each point represents one teacher’s scores. Like 

Figure 5.1, the graph in Figure 5.2 includes the regression line calculated using Microsoft 

Excel and the value of R2 (0.3277). These graphs provide visual representations of the 

relationships between the mathematical and the pedagogical scores.  
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Figure 5.1. Graph of the relationship between the adherence scores. 

 

Although the values of R2 were relatively small (0.4208 and 0.3277), all correlations 

were positive. Thus, teachers who were faithful to some aspects tended to be faithful to other 

aspects of the curriculum, while teachers who were not faithful tended to not be faithful to 

other aspects. In other words, teachers were either faithful to the authors’ overall intentions, 

or they were not. The graphs show that the focus scores (Figure 5.2) were more tightly 

compact than the adherence scores (Figure 5.1). That is, there was less variety in teachers’ 
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Figure 5.2. Graph of the relationship between the focus scores. 

 

focus scores than in their adherence scores. In both cases, however, the regression lines were 

clearly positive, meaning that the correlations were positive. 

Most of these results were not surprising. In particular, the significance between the 

two pedagogical scores in Table 5.3 was not surprising because both scores were calculated 

using the items that supported the authors’ PSL. On the other hand, the mathematical 

adherence scores were not significantly correlated with the mathematical focus scores, and 

both of those scores were calculated using the items that supported the authors’ MSL. Thus, 
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it is unexpected that these two scores were not significantly correlated. More research needs 

to be done to determine the reason for this.  

Overall results by logs. Overall averages for the four scores were also calculated for 

each problem context. Recall that each chapter contained approximately three problem 

contexts, and a log was created for each problem context in the five mathematical 

programming chapters (Chapter 2 through Chapter 6). Table 5.4 shows these results. The 

number of teachers who completed the log for each section, which ranged from zero to ten, is 

also given in this table. 

From this table, one can see that most problem contexts were implemented rather 

faithfully. Section 4.2 had some of the lowest scores, which was a problem in the Linear 

Programming—Minimization chapter. This problem built upon concepts from the previous 

two chapters (Linear Programming—Maximization and Sensitivity Analysis). According to 

the log results, most teachers did not implement the Sensitivity Analysis portion of Section 

4.2, and this choice substantially decreased their scores.  

Section 6.0 had high scores. Since there was only one teacher who completed this log, 

it is difficult to generalize about his curricular choices. However, he completed almost all of 

the items that supported the MSL, but also completed several items that went against the 

MSL. This teacher completely supported the PSL and did not complete any items that went 

against the PSL. 
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Table 5.4 

Teacher Log Results by Section 

Section 

Number 

Number of 

Completed 

Logs 

Mathematica

l Adherence  

Mathematical 

Focus  

Pedagogical 

Adherence  

Pedagogical 

Focus  

2.0 7 0.875 0.8899 0.8095 0.8333 

2.1 10 0.7778 0.7651 0.7222 0.783 

2.2 5 0.7176 0.7803 0.66 0.7395 

2.3 3 0.5417 0.7153 0.5 0.7262 

3.1 4 0.7381 0.7753 0.65 0.75 

3.2 6 0.687 0.7393 0.8333 0.8333 

3.3 4 0.5833 0.7083 0.75 0.875 

4.1 2 0.8 0.7438 0.7 0.725 

4.2 4 0.6071 0.6161 0.5417 0.6875 

4.3 1 0.6667 0.8333 0.6667 0.8333 

5.1 3 0.7238 0.8619 0.6905 0.8214 

5.2 1 0.9 0.95 0.5 0.625 

5.3 0 -- -- -- -- 

6.0 1 0.8889 0.7172 1 1 

6.1 2 0.7857 0.8095 0.625 0.8125 

6.2 0 -- -- -- -- 
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On the other hand, Section 2.0 (the Lego problem) also had relatively high scores, 

and seven teachers completed this log. Therefore, most teachers implemented this problem 

context closely to the authors’ intentions.  

 Teacher log results for case-study teachers. In addition to the logs that were 

completed by teachers, I completed logs for the four case-study teachers described in Chapter 

Four. The results of these researcher-completed are given in Table 5.5. I chose to complete 

the logs to gain a deeper understanding of the differences between (a) content fidelity and 

presentation fidelity and (b) mathematical storyline and pedagogical storyline. According to 

the qualitative results, there were instances when the case-study teachers showed a 

disconnection between their content fidelity and presentation fidelity. For example, Terri 

generally had high presentation fidelity and low content fidelity while Sharon had high 

content fidelity and low presentation fidelity. On the other hand, the teacher log data showed 

a strong connection between teachers’ scores on the mathematical items and their scores on 

the pedagogical items. To examine these results further, I completed a teacher log for each 

observed problem context.  

Note that I only completed logs when an entire problem context was observed. In 

other words, if I observed only a portion of a problem context, I did not complete a log for 

that problem context. The scores in Table 5.5 give a view of the case-study teachers’ 

implementation of the MDM materials complementary to the one given in Chapter Four. A 

comparison of the qualitative and quantitative results for each case-study teacher is given 

below. 
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Table 5.5 

Teacher Log Results for Case-Study Teachers 

Teacher Section 
Math 

Adherence 

Math  

Focus 

Pedagogical 

Adherence 

Pedagogical 

Focus 

Terri 
Section 2.0.1: “The 

Lego Problem” 
0.75 0.4583 0.5 0.75 

Terri 
Section 2.1: 

Computer Flips 
0.5556 0.7778 0.3333 0.6042 

Terri 
Section 2.2: 

SK8MAN, Inc. 
0.5588 0.6008 0.5 0.75 

Kimberly 
Section 2.0.1: “The 

Lego Problem” 
0.9375 0.9688 0.8333 0.9167 

Kimberly 
Section 2.1: 

Computer Flips 
0.8333 0.9167 0.8889 0.9444 

Gina 
Section 3.1: 

Computer Flips 
0.9524 0.8512 1 0.9 

Sharon 
Section 3.1: 

Computer Flips 
0.9524 0.8512 0.4 0.4 

 

 Terri. Based on the teacher logs scores, Terri seemed to stray both mathematically 

and pedagogically from the authors’ intentions. That is, all of her scores are relatively low.  
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Terri’s mathematical adherence and focus scores were consistent with her observation 

data. Her results from the Lego Problem showed that Terri often implemented items that 

supported the authors’ MSL (mathematical adherence score of 0.75), but she also 

implemented several items that went against the MSL (mathematical focus score of 0.4583). 

This was consistent with the observation data that showed that Terri altered the Lego 

Problem substantially. On the other hand, Terri’s mathematical focus scores were higher than 

her mathematical adherence scores on the Computer Flips and SK8MAN problems. This 

shows that she did not often implement items that supported the authors’ MSL, but she also 

did not choose items that went against the MSL. This was again consistent with the 

observation data which showed that Terri chose portions of these problems to teach and 

omitted the rest. 

According to Terri’s observation data, she tended to have high presentation fidelity 

and low content fidelity; she was labeled as an adopting but adapting content teacher. In 

other words, Terri seemed to be faithful to the authors’ pedagogical intentions during the 

observations, but this did not come across in the teacher log scores. Terri had low 

pedagogical scores on the teacher logs because the pedagogical items on the teacher logs 

were tightly connected to the mathematical items. For example, an item on the Section 2.1 

(Computer Flips, a Junior Achievement Company) teacher log was: “Students (individually 

or in small groups) solved this problem by graphing constraints, finding the corners points, 

and evaluating the corner points in the objective function.” This item, which supported the 

authors’ PSL, was not checked on Terri’s teacher log because Terri skipped this portion of 
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the section. That is, when Terri omitted or altered the content, this affected her pedagogical 

scores. Because Terri strayed from the mathematical content in the MDM materials, her 

pedagogical scores on the teacher logs were low. 

Kimberly. Kimberly’s scores were much higher than Terri’s. She consistently 

followed the authors’ mathematical and pedagogical intentions. She occasionally did not 

implement an item that supported the authors’ storylines (i.e., her adherence scores were not 

equal to one), but she rarely implemented items that went against the storylines (i.e., her 

focus scores were slightly higher than her adherence scores).  

According to Kimberly’s observation data, she was a thorough piloting teacher, both 

in terms of the mathematical and pedagogical intentions of the authors. The teacher log data 

confirms this finding. 

 Gina. Like Kimberly, Gina implemented the MDM materials faithfully. Her scores on 

the teacher log confirm the observation data because Gina rarely strayed from the authors’ 

mathematical or pedagogical intentions, which led to her having high adherence and focus 

scores. Gina’s focus scores were slightly lower than her adherence scores, meaning that there 

were times when she implemented items that went against the authors’ storylines, but these 

instances were rare. Therefore, Gina’s teacher log data confirms the observation data that she 

was a thorough piloting teacher. 

Sharon. Lastly, Sharon’s teacher log data showed that her mathematical scores were 

high (0.9524 adherence and 0.8512 focus), but her pedagogical scores were low (0.4 

adherence and 0.4 focus). Again, these findings were consistent with the observation data 
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that found that Sharon tended to follow the MDM textbook very closely, but she did not tend 

to use the pedagogical intentions of the authors. That is, Sharon was considered an adopting 

but adapting pedagogy teacher and this quantitative data confirms this categorization. 

Conclusions from the teacher log analysis. There was a broad range of 

implementation fidelity levels according to teachers’ scores on the logs. Daniel provided a 

good example of variety within a teacher because his scores were low on most of his logs but 

quite high on others. There was variety among the teachers as well, with some teachers 

having high implementation fidelity levels and others having low levels. From the correlation 

analysis, there is evidence that teachers who implemented one storyline faithfully tended to 

implement the other storyline faithfully. Moreover, teachers tended to implement some 

problem contexts more closely to the authors’ intentions than other problem contexts. 

However, most sections were implemented with relatively high fidelity.  

The results from the case-study teachers showed how the teacher log data confirmed 

the observation data. The main difference between the two sets of data was from Terri. She 

appeared to be faithful pedagogically but not faithful mathematically during the observations, 

but her low teacher log scores showed her to be not faithful both mathematically and 

pedagogically. The reason for this discrepancy was due to the nature of the logs; they relied 

on the teacher implementing the materials closely to the written content. That is, the 

pedagogical items were tightly connected to the mathematical items. If a teacher omitted 

sections or strayed significantly from the written content, then both the mathematical and the 

pedagogical scores would be low. Since Terri had low content fidelity, the teacher logs were 
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not an appropriate way to examine her fidelity to the authors’ MSL and PSL. In her case, 

observations were necessary to see that her presentation fidelity was indeed high even 

thought her content fidelity was low. On the other hand, Sharon showed low presentation 

fidelity and high content fidelity during her observations, and these results were confirmed in 

the teacher log data. Again, the pedagogical items on the teacher logs were tightly connected 

to the mathematical items, but the mathematical items were not necessarily connected to the 

pedagogical items. Therefore, it is possible to observe scores where teachers strayed 

pedagogically but not mathematically. These results shed light on the overall teacher log 

results; it is more likely that teachers with low mathematical scores would also have low 

pedagogical scores, but teachers with low pedagogical scores would not necessarily also have 

low mathematical scores. 

Conceptions Related to Implementation Fidelity 

 The second research question (How do teachers’ conceptions influence their 

implementations of a mathematical decision-making curriculum?) was answered by 

comparing results from a conceptions survey to the results of the teacher logs. The survey 

contained five constructs: beliefs about curriculum, beliefs about math, beliefs about 

students, beliefs about teaching, and subject matter knowledge (See Appendices D and E). 

For the subject matter knowledge items, teachers’ knowledge of mathematical programming 

concepts was assessed. Teachers could obtain up to 18 possible points on these items. For the 

items on the beliefs constructs, they were divided into two categories, one that was scored 

positively and one that was scored negatively. The positively scored items tended to fall on 
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the nontraditional end and the negatively scored items tended to fall on the traditional end of 

the traditional-nontraditional spectrum (Raymond, 1997). See Chapter Three for a full 

description of how these items were scored. 

The beliefs and knowledge survey was completed by 18 teachers, but only 12 of them 

also completed at least one teacher log. (Note: One teacher, T10, completed a teacher log, but 

did not complete the survey.) Each teacher received an average score for each construct 

based on the previously described categories. Their scores were divided by the highest 

possible score for that construct to obtain a value between zero and one. For example, T2 had 

a score of 0.6667 on the beliefs about students construct and a score of 0.8222 on the beliefs 

about math construct. Thus, this teacher tended to have more traditional and/or negative 

views of students, but more nontraditional beliefs about math. The scores for the 12 teachers 

are given in Table 5.6. 

From these data, a Spearman’s Rank Order correlation was conducted to examine 

correlations between the teachers’ scores on the teacher logs and their conceptions. Table 5.7 

shows the results from this analysis, included the correlation coefficients and the p-values.  

The test revealed that there was a statistically significant correlation (p < .1) between 

mathematical adherence and beliefs about math, between pedagogical adherence and beliefs 

about students, and between pedagogical focus and beliefs about students. All other 

relationships between implementation fidelity and conceptions were not significant. 
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Table 5.6 

Overall Results from Survey 

Teacher 

Number 

Beliefs 

about Math 

Beliefs about 

Teaching 

Beliefs about 

Students 

Beliefs about 

Curriculum 

Subject 

Matter 

Knowledge 

T1 0.7667 0.7037 0.6 0.6228 0.8889 

T2 0.8222 0.7556 0.6667 0.6754 0.6111 

T3 0.8778 0.6889 0.8333 0.693 0.8889 

T4 0.8222 0.8 0.7333 0.7632 0.7222 

T5 0.8444 0.6963 0.5333 0.5965 0.7778 

T6 0.7333 0.6815 0.7 0.6228 0.7778 

T7 0.7889 0.6593 0.5667 0.5789 0.7778 

T8 0.6889 0.7037 0.8 0.5965 0.5556 

T9 0.6778 0.7407 0.5333 0.6228 0.7778 

T11 0.7667 0.6667 0.7 0.6228 0.5556 

T12 0.8556 0.7407 0.8333 0.6754 0.7778 

T13 0.8556 0.7852 0.5667 0.6754 0.8333 
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Table 5.7 

Spearman Rank Order Correlation Matrix (p-values) 

 
Beliefs 

about Math 

Beliefs 

about 

Teaching 

Beliefs 

about 

Students 

Beliefs 

about 

Curriculum 

Subject 

Matter 

Knowledge 

Mathematical 

Adherence 

.629** 

(.028) 
.072 (.824) .127 (.694) .194 (.545) .051 (.875) 

Mathematical 

Focus 
.004 (.991) -.046 (.888) .077 (.811) .111 (.730) -.462 (.130) 

Pedagogical 

Adherence 
.327 (.299) -.231 (.471) 

.659** 

(.020) 
.301 (.342) -.268 (.399) 

Pedagogical 

Focus 
.357 (.255) .054 (.866) .536* (.072) .426 (.167) -.317 (.315) 

*p < .1. **p < .05.  

 

The results given in Table 5.7 were found by correlating teachers’ scores on the 

survey with their overall average scores on the logs. I also conducted a Spearman’s Rank 

Order correlation for teachers’ average scores for individual chapters. However, most of the 

chapters did not have enough responses to accurately calculate the correlations. Therefore, 

these results are not discussed. Instead, I discuss the significant results from Table 5.7 as well 

as some other notable findings. 
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 Significant results. There were three instances where conceptions were significantly 

correlated with teachers’ implementation fidelity. First, the test revealed that there was a 

significant positive correlation between teachers’ beliefs about math and their mathematical 

adherence ( = .63, p < .05). That is, a teacher with nontraditional and/or child-centered 

views of math tended to support the authors’ MSL, while a teacher with traditional and/or 

transmission views of math did not select items on the logs that supported the MSL.  

 Second, teachers’ beliefs about students were significantly positively correlated with 

their pedagogical adherence ( = .66, p < .05). Thus, a teacher with positive views of 

students tended to adhere to the authors’ PSL; a teacher with negative beliefs about students 

tended to not support the PSL. 

 Third, there was also a significant positive correlation between teachers’ beliefs about 

students and their pedagogical focus ( = .54, p < .1). Teachers with positive beliefs about 

students tended to have high pedagogical focus scores, meaning that they chose items on the 

logs that supported authors’ PSL and did not choose items that went against the PSL. On the 

other hand, teachers with negative views of students tended to have lower pedagogical focus 

scores. 

 Other notable results. In addition to finding the three significant correlations, the 

Spearman’s Rank Order correlation analysis yielded some other interesting findings. First, 

there were no significant correlations between teachers’ implementation fidelity and their 

beliefs about teaching, beliefs about curriculum, or subject matter knowledge. Based on the 

qualitative analysis (see Chapter Four), these conceptions played a large role in teachers’ 
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implementation fidelity, yet there were no statistically significant correlations. Note that the 

items in the beliefs about curriculum construct were not related to the MDM curriculum; they 

were about curricula in general. Therefore, teachers’ responses to items in this construct 

would not necessarily be connected to how they implemented the MDM curriculum. I would 

have expected, though, that the beliefs about teaching and subject matter knowledge 

constructs be correlated with teachers’ implementation fidelity. Not only were they not 

significantly correlated, they were often non-significantly negatively correlated, which brings 

me to my next notable result. 

Second, there were several instances where the correlations between teachers’ 

implementation fidelity and their conceptions were negative. While these correlations were 

not significant, it is interesting to note that there were any negative correlations at all. 

Teachers’ beliefs about teaching were negatively correlated with their mathematical focus 

and their pedagogical adherence scores. This means that teachers who held nontraditional 

views of teaching were sometimes less faithful to the authors’ intentions, both 

mathematically and pedagogically. The fact that teachers’ beliefs about teaching were (non-

significantly) negatively correlated with their pedagogical adherence scores was particularly 

surprising because most items that supported the authors’ PSL were nontraditional. More 

research needs to be done to explore this further.  

Furthermore, teachers’ subject matter knowledge was non-significantly negatively 

correlated with their mathematical focus, pedagogical adherence, and pedagogical focus 

scores. Thus, teachers who performed well on the subject matter knowledge portion of the 
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survey sometimes did not implement the curriculum according to the authors’ mathematical 

and pedagogical intentions. Looking at individual teachers in Table 5.6, T1 and T9 had the 

lowest implementation fidelity scores but had two of the highest subject matter knowledge 

scores. Thus, this negative correlation was not surprising based on the collected data. 

Moreover, as was seen in the qualitative results, teachers with less subject matter knowledge 

sometimes followed the curriculum more closely because they were not comfortable straying. 

However, more research needs to be done to explore these negative correlations in more 

detail. 

Conclusion. Based on Spearman’s Rank Order correlation, teachers’ beliefs about 

math and beliefs about students were connected to their implementation fidelity. This 

statistical test gives no information about causation, but based on the qualitative results and 

on previous research (e.g., Putnam et al., 1992; Remillard, 1999), there is evidence that these 

beliefs influenced teachers’ levels of implementation fidelity. Furthermore, this statistical 

analysis showed that teachers’ beliefs about teaching, beliefs about curriculum, and subject 

matter knowledge were not statistically significantly correlated to their implementation 

fidelity. In fact, some of these non-significant correlations were negative. This contradicted 

some of the qualitative findings; thus, further research is needed to explore this in more 

depth.  
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Chapter Six: Discussion and Conclusions 

The purpose of this study was to examine teachers’ implementations of the 

mathematical decision-making [MDM] curriculum and how their conceptions influenced 

their implementations. In particular, I studied how closely teachers’ enacted curriculum 

aligned with the authors’ intended curriculum. I also investigated what conceptions teachers 

held that brought their enacted curriculum closer or farther from the authors’ intended 

curriculum. The particular conceptions I considered were teachers’ (a) beliefs about 

curricular materials, (b) beliefs about mathematics, (c) beliefs about students, (d) beliefs 

about teaching, and (e) subject matter knowledge.  

I answered the following research questions: 

1. How do teachers’ implementations of a mathematical decision-making curriculum align 

with the authors’ intentions? 

2. How do teachers’ conceptions influence their implementations of a mathematical 

decision-making curriculum?  

a. How do teachers’ subject matter knowledge influence their implementation of a 

mathematical decision-making curriculum? 

b. How do teachers’ beliefs about mathematics, students, teaching, and curricular 

materials influence their implementation of a mathematical decision-making 

curriculum? 

I utilized a mixed methods design to answer these research questions. The first 

question, regarding implementation fidelity, was studied using observations and teacher logs. 
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The second question, regarding teachers’ conceptions related to their implementation fidelity, 

was examined by connecting interview and survey data to observation and teacher log data, 

respectively. 

Six teachers participated in the qualitative portion of the study (observations and 

interviews), and I reported on the results from four of these teachers. These teachers showed 

a wide range of implementation fidelity, but most were relatively faithful to the authors’ 

intentions. Their beliefs about students and beliefs about teaching were the most common 

conceptions that influenced their implementations of the MDM curriculum; however, their 

beliefs about curriculum and subject matter knowledge emerged a number of times. 

Teachers’ beliefs about math rarely emerged as an influencing factor in their implementation 

fidelity levels. 

Thirteen teachers completed at least one teacher log, and twelve of those teachers also 

completed the survey. These teachers showed a wide range of implementation fidelity. The 

logs showed variety within and among teachers, but most had relatively high average scores 

on the teacher logs. The conceptions that were significantly correlated with teachers’ 

implementation fidelity were their beliefs about math and beliefs about students. The key 

findings from both the qualitative and quantitative portions of this study are expanded and 

discussed further in the following section. 

Discussion of Key Findings 

 The qualitative and quantitative results showed relatively high implementation 

fidelity levels but with a range of levels within and among teachers. They also showed how 
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conceptions may play a role in teachers’ implementation fidelity levels. In this section, I 

discuss the key findings for the first research question (How do teachers’ implementations of 

a mathematical decision-making curriculum align with the authors’ intentions?) and then for 

the second research question (How do teachers’ conceptions influence their implementations 

of a mathematical decision-making curriculum?). I discuss these findings by making 

generalizations about MDM teachers and connecting the generalizations to past research. I do 

this with the understanding that the teachers in this study may not be representative of all 

MDM teachers. However, the mixed method design and the past research provide 

justification for these generalizations.  

Implementation fidelity. I begin this section on implementation fidelity by 

discussing the findings from the observations and relating these findings to past research. In 

this discussion, I explore the ways past researchers have categorized types of implementers 

and how these categories did not appropriately identify the types of implementers in this 

study. Finally, I discuss the combined results from the observations and teacher logs and 

explore the types of implementation fidelity studied using the two methodologies.  

 Categories of implementers. Of the four teachers observed, one had high presentation 

fidelity but low content fidelity (Terri); one had low presentation fidelity but high content 

fidelity (Sharon); and two had high presentation fidelity and high content fidelity (Kimberly 

and Gina). However, all teachers showed some indications that they strayed from the 

authors’ intentions, both mathematically and pedagogically. I use these results and the results 
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of previous research to categorize the types of implementers found in the qualitative portion 

of this study. 

Many researchers used observations to study implementation fidelity (e.g., Crawford 

et al., 2012; Freeman et al., 1983; Lambdin & Preston, 1995; Remillard & Bryans, 2004; 

Stein & Kaufman, 2010). They generally found similar results: there was a range of 

implementation fidelity, both within and among teachers. Some researchers categorized the 

types of implementers. I discuss three examples of such research here. 

Freeman et al. (1983) studied seven elementary school teachers and found four styles 

of textbook use. First, the textbook bound teacher progressed through the textbook, page by 

page, over the school year. Second, a teacher who used the selective omission style also 

progressed through the textbook, but skipped certain chapters or lesson. Third, a teacher who 

taught the basics implemented the lessons from the textbook that focused on certain topics 

(e.g., addition, subtraction, introductory work with fractions). Fourth, a teacher who used a 

management-by-objectives approach chose lessons that aligned with the district-enforced list 

of “minimal competencies in mathematics” (p. 260). These styles of textbook use could be 

seen in the present study; Kimberly, Gina, and Sharon would be considered textbook bound, 

and Terri would be selective omission. However, Kimberly also included the daily SAT 

warm-up, which could put her in the basics category, and Terri was guided by the standard 

course of study, which could put her in the management-by-objectives category. Furthermore, 

Freeman et al. studied teachers as they implemented an entire course, but the MDM 

curriculum is not currently an entire course; teachers chose chapters to implement in their 
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pre-existing AFM courses. Finally, Freeman et al. only studied teachers’ textbook use (i.e., 

their content fidelity), not their pedagogical techniques (i.e., their presentation fidelity). 

Therefore, their styles of textbook use were not appropriate for the results of the present 

study. 

Lambdin and Preston (1995) also categorized types of implementers. Unlike Freeman 

et al. (1983), Lambdin and Preston included both content and pedagogy in their study. They 

studied 34 teachers piloting a new curriculum (Connected Mathematics) and found three 

“caricatures” of teachers. First, the frustrated methodologist referred to teachers with strong 

math backgrounds who were resistant to the pedagogical techniques found in the new 

curriculum. Second, the teacher on the grow represented teachers with weak math 

backgrounds who readily and faithfully adopted the content and pedagogy found in the new 

curriculum. Third, the standards bearer referred to teachers with strong mathematical and 

pedagogical backgrounds who wholeheartedly and successfully embraced the new 

curriculum. Lambdin and Preston’s study was similar to the present study in that the teachers 

were piloting a new curriculum. However, these “caricatures” were heavily influenced by 

whether the teachers embraced the philosophies of the curriculum authors. Since the MDM 

teachers volunteered to pilot the materials, these caricatures are not appropriate. Furthermore, 

Lambdin and Preston studied whether teachers adopted new pedagogical techniques. The 

MDM teachers were not necessarily adopting new methods of teaching; they seemed to adapt 

their previous teaching styles to new materials. However, the present study did not examine 

teachers’ change; it instead provided a snapshot of teachers’ instruction. We are currently 
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studying how and why teachers change by being a part of the MDM curriculum development 

project (Keene, Dietz, & Holstein, 2011; Keene, Dietz, Holstein, Hall, & Wright, 2012), but 

this was not a part of the present study. Therefore, again, these categories of implementers 

were not appropriate for the present study. 

Remillard and Bryans (2004) studied eight elementary teachers implementing a 

standards-based curriculum (Investigations). Like Lambdin and Preston (1995), Remillard 

and Bryans studied both the content and pedagogy implemented by these teachers. They 

found three categories of curriculum use. The first category, intermittent and narrow use, 

referred to teachers who minimally used the materials, instead utilizing other resources and 

instructional techniques than those envisioned by the curriculum authors. Second, teachers in 

the adopting and adapting category used the curriculum to guide the general structure and 

content of the class, but they drew upon their own strategies and approaches during 

instruction. Third, thorough piloting teachers read and used all parts of the curriculum in 

their teaching. The teachers in the present study fit into the categories presented by Remillard 

and Bryans better than in those from Freeman et al. (1983) or Lambdin and Preston (1995). 

For example, Terri and Sharon could be in the adopting and adapting category while 

Kimberly and Gina could be in the thorough piloting category. However, Terri could 

possibly be in the intermittent and narrow use category because she often taught using 

outside resources. Sharon followed the text closely, but she did not utilize the instructional 

strategies intended by the curriculum authors. In addition, Kimberly and Gina would be in 

the thorough piloting category—with the exception of Kimberly’s daily SAT warm-up—but 



321 
 
 
 

 

neither teacher utilized all resources available. For example, MDM teachers could utilize 

materials from the MDM website, from the summer workshops, and from NING—a social 

networking site where MDM teachers share materials and ideas with one another. However, 

the teachers tended to only use the MDM textbook and sometimes the teacher notes during 

the observed lessons. Only Terri used PowerPoint slides from the summer workshops. Thus, 

there was more variety among the MDM teachers than was portrayed in Remillard and 

Bryans’ (2004) categories. Furthermore, Remillard and Bryans—like Freeman et al. and 

Lambdin and Preston—studied teachers who implemented a curriculum in its entirety, unlike 

the MDM teachers who only include parts of the materials in their courses.  

Hence, the previously established categories of implementation fidelity did not align 

with the findings of the present study. New categories must be established that better 

characterize the types of implementers seen in this study, but these categories should build 

upon previous research.  

The three previously mentioned studies included a category for teachers who were 

completely faithful to the authors’ intentions: Freeman et al. (1983) had textbook bound, 

Lambdin and Preston (1995) had standards bearer, and Remillard and Bryans (2004) had 

thorough piloting. In the present study, no teacher was completely faithful all the time, but 

Kimberly and Gina tended to have high content and high presentation fidelity. I use 

Remillard and Bryans’ term of thorough piloting to describe these teachers, but I adapt their 

definition slightly. Now, thorough piloting refers to following the content of the curriculum 

and the pedagogical philosophies of the curriculum authors, while still allowing for 
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adaptation and supplementation by the teacher. Kimberly and Gina showed how teachers 

could thoroughly pilot a curriculum while still slightly straying from the mathematical and/or 

pedagogical intentions of the authors. 

Next, the researchers mentioned teachers who adapted the curriculum during their 

implementations: Freeman et al. (1983) mentioned selective omission, the basics, and 

management-by-objectives; Lambdin and Preston (1995) referred to teachers on the grow; 

Remillard and Bryans (2004) mentioned adopting and adapting. In the present study, two 

teachers adapted the curriculum; Terri adapted the content and Sharon adapted the pedagogy. 

Thus, I create two categories for adapting, based on Remillard and Bryans’ term: adopting 

but adapting content and adopting but adapting pedagogy. Terri adopted the curriculum and 

implemented it faithfully, but she adapted the content, so she would be in the adopting but 

adapting content category. Sharon adopted the curriculum, followed the text closely, but 

adapted the pedagogical intentions; she would be in the adopting but adapting pedagogy 

category. 

Finally, Lambdin and Preston (1995) discussed frustrated methodologist and 

Remillard and Bryans (2004) mentioned intermittent and narrow use to categorize teachers 

who implement the curriculum sparingly, if at all. This category was not appropriate for the 

present study because the teachers volunteered to implement the MDM curriculum in their 

classrooms. If they chose not to teach the curriculum, they were not considered for this study. 

In sum, three categories for implementation fidelity emerged from the case-study 

teachers in this study. First, thorough piloting referred to teachers with high content and 
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presentation fidelity, but this category allowed for slight modifications and adaptions by the 

teachers. Second, adopting but adapting content referred to teachers with high presentation 

fidelity but low content fidelity. Third, adopting but adapting pedagogy referred to teachers 

with high content fidelity but low presentation fidelity. No category was needed for teachers 

with low content fidelity and low presentation fidelity because this was not observed in this 

study.  

Although these categories were created based on the qualitative portion of this study, 

they could also be used for the teachers who completed logs. That is, teachers with 

consistently high focus and adherence scores would be in the thorough piloting category; 

teachers with high pedagogical scores but low mathematical scores would be in the adopting 

but adapting content category; teachers with high mathematical scores but low pedagogical 

scores would be in the adopting but adapting pedagogy category; and teachers with 

consistently low scores would form a fourth category, such as partial piloting, which was not 

observed in the case-study teachers. Although these categories could be used in the teacher 

log data, there did not seem to be much evidence for them. Generally, the teacher log data 

showed teachers as either thorough piloting or partial piloting teachers; that is, teachers 

tended to have high scores or low scores on all four constructs. In particular, it would be 

difficult to observe an adopting but adapting content teacher in the teacher log data because, 

as mentioned previously, the mathematical items were tightly connected to the pedagogical 

items in the teacher logs. Therefore, these categories were clearly observed in the case-study 
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data but were not as clearly observed in the teacher log data. This is discussed further in the 

following section. 

 Comparison of the types of implementation fidelity. The teacher logs showed finding 

similar to those from the observations. That is, teachers showed a range of implementation 

fidelity levels, but most teachers were relatively faithful. There were strong connections 

between whether a teacher faithfully implemented the authors’ mathematical storyline [MSL] 

and whether a teacher faithfully implemented the authors’ pedagogical storyline [PSL]. That 

is, the scores for the mathematical and pedagogical storylines were significantly correlated. 

This was also seen during some portions of the qualitative results. For example, when 

teachers had high content fidelity, they tended to be faithful to the Connectedness focus in 

the Productive Pedagogies framework, which included the Knowledge Integration, 

Background Knowledge, Connectedness to the World, and Problem-Based Curriculum 

indicators. Therefore, there were several instances when a teacher showed a connection 

between content fidelity and presentation fidelity, particularly for the Connectedness focus of 

the framework. 

However, there were also instances when the teachers in the qualitative portion of the 

study showed a disconnection between their content fidelity and presentation fidelity. For 

example, Terri generally had high presentation fidelity and low content fidelity while Sharon 

had high content fidelity and low presentation fidelity. To examine these results further, I 

completed a teacher log for each observed problem context. The teacher log data showed that 

a teacher with low mathematical scores (i.e., Terri) would likely have low pedagogical scores 
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because the pedagogical items on the teacher logs were tightly connected to the mathematical 

items. Therefore, the teacher logs would not likely identify teachers in the adopting but 

adapting content category. On the other hand, teachers with low pedagogical scores would 

not necessarily have low mathematical scores, as seen with Sharon’s results. Thus, teacher 

logs could identify teachers in the adopting but adapting pedagogy category. Generally, 

though, most of the teachers who completed logs fell into the thorough piloting category (i.e., 

all of his or her scores were relatively high) or the partial piloting category (i.e., all of his or 

her scores were relatively low). 

Additionally, the observations and the teacher logs were not necessarily measuring 

the same types of implementation fidelity. The observations measured teachers’ content and 

presentation fidelity, while the teacher logs measured teachers’ support of the mathematical 

and pedagogical storylines. While there are similarities between these constructs, they are not 

precisely the same, particularly the content fidelity and the MSL.  

Content fidelity refers to whether the enacted content was primarily from the 

curriculum or from an outside source (McNaught et al., 2010), while the MSL refers to the 

topics, learning goals, and student expectations (Heck et al., 2012). Therefore, it is possible 

that a teacher with high content fidelity (i.e., a teacher who used the MDM curriculum as 

his/her primary source) could stray from the MSL by altering the learning goals or 

expectations for that lesson, as was seen by in Daniel’s implementation of the Computer 

Flips problem in the Sensitivity Analysis chapter (see Chapter Five). 
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In addition, presentation fidelity and the PSL both refer to the authors’ pedagogical 

expectations. However, in this study, presentation fidelity was studied through the Productive 

Pedagogies framework, which included indicators such as Knowledge as Problematic and 

Social Support. Indicators such as these can be observed in a classroom, but they cannot 

easily be identified through the teacher logs. Instead, the teacher logs included items such as 

whether the teacher used group work and whether the teacher gave students answers to 

questions. Thus, these two instruments did not necessarily identify the same pedagogical 

intentions.  

On the other hand, it would be expected that a teacher who supported the authors’ 

MSL would have high content fidelity and a teacher who supported the authors’ PSL would 

have high presentation fidelity. That is, since the quantitative results showed a connection 

between teachers’ support of the MSL and teachers’ support of the PSL, it would be expected 

that the qualitative results should show a connection between teachers’ content fidelity and 

their presentation fidelity. While this was sometimes true, it was not always the case. 

Therefore, more research needs to be done to determine the connections between (a) 

teachers’ content fidelity and presentation fidelity and (b) supporting the MSL and 

supporting the PSL.  

Because the teacher logs are a new and innovative methodology, little research has 

been done to date using them. Thus, I am unable to state whether the results of the teacher 

logs in this study are consistent with those from other researchers. However, the results from 

the teacher logs—like the results from the observations—showed that teachers tended to be 
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faithful to the MDM curriculum, but there was a range of fidelity. These results are similar to 

those found by other researchers who studied implementation fidelity (e.g., Remillard & 

Bryans, 2004; Stein & Kaufman, 2010; Tarr et al., 2008), although they used different 

methodologies. 

 Conceptions related to implementation fidelity. The second research question 

asked, “How do teachers’ conceptions influence their implementations of a mathematical 

decision-making curriculum?” The specific conceptions examined were teachers’ (a) beliefs 

about curricular materials, (b) beliefs about math, (c) beliefs about students, (d) beliefs about 

teaching, and (e) subject matter knowledge. Overall, all these conceptions played a role in 

teachers’ implementation fidelity. 

Beliefs about curriculum. First, the qualitative results showed that positive beliefs 

about the MDM curriculum and its appropriateness were related to high content and high 

presentation fidelity; negative beliefs about the MDM curriculum and its appropriateness 

were related to low content and low presentation fidelity. Past research showed that teachers 

may stray from the written curriculum if they believed that the materials were inappropriate 

for their students (Arbaugh et al., 2006) or if they were uncomfortable or disagreed with the 

authors’ approach (Frykholm, 2004; Lloyd, 1999). Therefore, the findings of the present 

study confirm those from past research.  

The quantitative results showed no correlation between teachers’ general beliefs 

about curricula (i.e., not specific to the MDM curriculum) and their implementation fidelity. I 

am unaware of any research that connects teachers’ implementation fidelity to their general 
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beliefs about curricula; thus, this finding cannot be verified or contradicted by the literature. 

Instead, this finding adds to the field by showing there does not appear to be a significant 

relationship between teachers’ implementation fidelity of a specific curriculum (i.e., the 

MDM curriculum) and what they believe are important components in any general 

curriculum. That is, the qualitative results showed a relationship between teachers’ beliefs 

about the MDM curriculum and their implementation fidelity; the quantitative results showed 

that there does not appear to be a relationship between teachers’ general beliefs about 

curricula and their implementation fidelity. 

Beliefs about math. Second, the qualitative results showed that in only one category 

did teachers’ beliefs about math relate to presentation fidelity, that of the importance of 

teaching vocabulary. There was little other evidence of teachers’ beliefs about math from the 

case-study teachers’ data.  

On the other hand, the quantitative results showed that teachers’ beliefs about math 

were significantly positively correlated with their mathematical adherence; thus, teachers 

with nontraditional views of math tended to support the authors’ MSL. According to previous 

research, how teachers view the nature of mathematics, its origins, and its usefulness 

influence their curricular decisions (Putnam et al., 1992; Remillard, 1999). Stein et al. (2007) 

explained that sometimes curricular materials “offer views of mathematics that conflict with 

those typically held in mainstream culture” (p. 353). Thus, teachers may stray from the 

written curriculum if the goals do not align with their beliefs about math. The quantitative 

results confirmed this, but the qualitative results lacked strong evidence relating teachers’ 
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beliefs about math to their implementation fidelity. This was most likely due to the types of 

questions asked during the interviews; they did not draw out teachers’ beliefs about math as 

they did the other conceptions. Therefore, the quantitative results of this study align with 

previous research, but more qualitative research needs to be done to explore the relationship 

between teachers’ beliefs about math and their implementations of the MDM curriculum. 

Beliefs about students. Third, teachers’ beliefs about students played a large role in 

teachers’ implementation fidelity. This was seen in both the qualitative and the quantitative 

data. The qualitative results showed that teachers’ beliefs about students were related to their 

implementation fidelity in many ways, but it most often was related to low presentation 

fidelity, specifically, (a) Terri’s and Sharon’s beliefs about students’ issues and struggles, (b) 

Kimberly’s belief about students’ backgrounds, and (c) Gina’s and Sharon’s beliefs about 

student engagement. Generally, these beliefs, which were related to low presentation fidelity, 

were negative beliefs about students, their abilities, their backgrounds, and their engagement. 

(Note that, as mentioned previously, the term “negative” is not a judgment of the teacher or 

his/her beliefs but instead a way to provide directionality to the beliefs.) The quantitative 

results showed that teachers’ beliefs about students were significantly positively correlated 

with their pedagogical adherence and pedagogical focus scores; that is, teachers with positive 

beliefs about students tended to support and to not go against the authors’ PSL. Alternatively, 

teachers with negative beliefs about students tended to have lower pedagogical adherence 

and focus scores. Therefore, both the qualitative and quantitative portions of this study 
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showed that teachers with negative beliefs about students tended to stray from the authors’ 

pedagogical intentions.  

Past researchers showed how teachers’ beliefs about students play a role in their 

instructional decisions (e.g., Ball & Cohen, 1996; Remillard, 1999; Remillard, 2000; 

Remillard & Bryans, 2004). In particular, Arbaugh et al. (2006) found results similar to those 

in the present study, where teachers with negative beliefs about students and their abilities 

often strayed from the authors’ intentions. However, many teachers in their study with such 

beliefs strayed from the content while the MDM teachers primarily strayed from the 

pedagogical intentions. Thus, the results from the present study complement and add to the 

research connecting teachers’ beliefs about students to their implementation fidelity. 

Beliefs about teaching. Fourth, the qualitative results showed that teachers’ beliefs 

about teaching played a role in their implementation fidelity in many ways, but it most often 

was related to high presentation fidelity. The conceptions that were related to high 

presentation fidelity were: (a) Terri’s, Gina’s, and Sharon’s belief about student thinking and 

understanding, (b) Kimberly’s beliefs about group work, and (c) Sharon’s belief about the 

importance of students experiencing. The beliefs, such as these, expressed by the MDM 

teachers aligned well with the pedagogical goals of the curriculum authors, and so these 

beliefs were often related to high presentation fidelity.  

These findings support previous research. When teachers’ views of teaching do not 

align with the philosophies of the curriculum authors, the teachers tended to stray from the 

written curriculum (Cohen, 1990; Stipek et al., 2001). However, it seemed that most previous 
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research focused on how teachers’ negative beliefs about teaching were related to low 

implementation fidelity. In the present study, the case-study teachers tended to have mostly 

positive views about teaching, which was related to high implementation fidelity. Thus, the 

qualitative findings of this study add to the current body of literature connecting teachers’ 

beliefs about teaching to their implementation fidelity. 

On the other hand, the quantitative results showed no significant correlations between 

teachers’ beliefs about teaching and their implementation fidelity. Based on the strong 

evidence during the qualitative portion of the study and based on previous research, it is 

surprising that no significant correlations were found. This is discussed in more detail later in 

this chapter. 

Subject matter knowledge. Fifth, the qualitative results showed that teachers’ lack of 

subject matter knowledge was related to high content fidelity (Gina) and low presentation 

fidelity (Sharon). Previous research found a connection between teachers’ subject matter 

knowledge and their implementation fidelity (e.g., Cohen, 1990; Heaton, 1992; Manouchehri 

& Goodman , 1998; Remillard & Bryans). For example, when teachers lack subject matter 

knowledge, they may omit important mathematical lessons or vocabulary, present incorrect 

information, or inadequately respond to student inquiries (Cohen, 1990; Heaton, 1992). The 

only evidence of such activities was Sharon whose lack of subject matter knowledge caused 

her to lecture because she was unsure whether she could properly respond to students’ 

questions. There was little to no evidence of the case-study teachers presenting incorrect 

information or omitting lessons due to a lack of subject matter knowledge. Furthermore, 
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Remillard and Bryans (2004) found that teachers who lacked subject matter knowledge 

tended to implement very closely to the written curriculum. This was verified in Gina’s 

lessons when she expressed not feeling comfortable straying from the written materials. 

Therefore, the qualitative findings verify and add to previous research connecting teachers’ 

subject matter knowledge to their implementation fidelity. 

On the other hand, the quantitative results showed no significant correlations between 

teachers’ subject matter knowledge and their implementation fidelity. However, there were 

some non-significant negative correlations, which could align with the previously mentioned 

result of teachers who lack subject matter knowledge having high content fidelity. This is 

explored further in the following section. 

In sum, there was evidence that all five conceptions were related to teachers’ 

implementation fidelity. This is not surprising because these five conceptions were chosen 

based on previous research connecting them to teachers’ curricular decisions. However, the 

present study adds to the body of literature by showing how the conceptions related to a 

curriculum implementation in new ways and in a new context (i.e., a mathematical decision-

making curriculum). In the next section, I discuss some of the similarities and differences 

between results from the qualitative portion of the study (interviews connected to 

observations) and the quantitative portion of the study (surveys correlated with teacher logs). 

Comparison of the two methodologies. Both methodologies showed that teachers’ 

conceptions were related to their implementation fidelity levels. According to the qualitative 

results, teachers’ beliefs about teaching, beliefs about students, beliefs about curriculum, and 
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subject matter knowledge influenced their implementation fidelity. According to the 

quantitative results, teachers’ beliefs about math and beliefs about students were the only 

conceptions that were significantly correlated with teachers’ implementation fidelity. 

However, these results do not contradict one another; they simply provide a broader picture 

of how teachers’ conceptions are connected to their curricular choices.  

For example, teachers’ beliefs about math rarely emerged during the interviews but 

were significantly correlated with teachers’ mathematical adherence according to the 

quantitative data. The most likely explanation for this was that the interview questions did 

not encourage teachers’ beliefs about math to emerge. Thus, these were not necessarily 

contradictory results; the quantitative results added to what may have been lacking in the 

qualitative results. 

Furthermore, the interviews showed that teachers’ beliefs about curriculum played a 

role in their curricular decisions while the quantitative data did not yield the same results. 

This was not necessarily surprising. When teachers discussed their beliefs about curriculum 

during the interviews, they were referring to the MDM curriculum, not curricula in general. 

On the other hand, the survey items under the beliefs about curriculum construct asked 

teachers about their opinions of curricula in general. Since there was no significant 

correlation between teachers’ beliefs about curriculum and their implementation fidelity in 

the quantitative data, this simply shows that there was no connection between how teachers 

view general curricula and how they implement the MDM curriculum. This finding does not 

contradict the qualitative findings; it adds to it. 



334 
 
 
 

 

The interviews also showed that teachers’ subject matter knowledge sometimes 

influenced their instructional decisions and thus their implementation fidelity. According to 

the quantitative data, there was no significant correlation between these two. Again, these 

results do not contradict one another. In the qualitative data, subject matter knowledge was 

not one of the more common themes; thus, it is not surprising that the correlations were not 

significant. It most often emerged during the interviews when a teacher lacked subject matter 

knowledge, and this made her implement the curriculum more closely because she was 

uncomfortable straying from the materials. That is, a lack of subject matter knowledge 

sometimes increased content fidelity. Hence, negative correlations may be expected in the 

quantitative data. In fact, teachers’ subject matter knowledge was non-significantly 

negatively correlated with teachers’ mathematical focus, pedagogical adherence, and 

pedagogical focus.  

Although the two methodologies seemed to yield different results, upon further 

examination, they actually complemented or supported one another, with one exception: 

teachers’ beliefs about teaching emerged consistently through the interviews as an 

influencing factor in their implementation fidelity, and the quantitative measures did not 

yield the same results. This was surprising because the beliefs about teaching construct of the 

survey included traditional items, which were scored negatively, and nontraditional items, 

which were scored positively. The nontraditional items aligned well with the MDM authors’ 

overall PSL. Therefore, it was expected that teachers’ with nontraditional beliefs about 

teaching would support the authors’ PSL, but this was not the case. In fact, there were non-
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significant negative correlations between teachers’ beliefs about teaching and their 

mathematical focus and pedagogical adherence scores. The reasons for the lack of significant 

correlation and for the non-significant negative correlations between beliefs about teaching 

and the implementation fidelity scores are unclear. Since the qualitative data and previous 

research showed substantial evidence for a connection between teachers’ beliefs about 

teaching and their implementation fidelity, the logs or survey may have been flawed. 

Alternatively, the questions asked during the interviews could have yielded different 

conceptions than the questions asked on the survey. I cannot say that the teachers who 

participated in the qualitative portion of the study could have had different conceptions 

and/or implementation fidelity levels than the teachers who participated in the quantitative 

portion because Terri and Sharon were the only teachers who participated in the qualitative 

portion of the study but did not complete at least one teacher log. Hence, more research is 

needed to determine the extent to which teachers’ beliefs about teaching connects to their 

levels of implementation fidelity. 

Limitations  

I recognize that there are a few limitations of this study. One limitation is the sample. 

There were only six teachers who participated in the qualitative portion of the study, and only 

four of them were reported here. This sample size does not necessarily make this study 

invalid, but it makes it difficult to find overarching themes that would apply to all MDM 

teachers. If this study is replicated, either the sample size would need to be larger or there 

would need to be more interviews and more observations, particularly from other chapters. 
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Perhaps some chapters were more difficult to implement faithfully than others. For example, 

Gina and Sharon seemed to have a more difficult time implementing the Sensitivity Analysis 

chapter than Terri and Kimberly did with the Linear Programming—Maximization chapter. 

While the mathematical programming chapters were the most commonly implemented 

chapters in the MDM curriculum, it would be helpful to observe other chapters as well.  

Furthermore, these six teachers were not representative of all MDM teachers. They 

were from the same geographic area, they volunteered to be a part of this project, and they 

attended workshops and helped to develop new materials. However, there are teachers from 

many states implementing the MDM materials, not all teachers volunteered to teach the 

curriculum, and some teachers did not attend workshops or help develop materials. In order 

to get a better picture of how the MDM curriculum is implemented, teachers from other 

districts and states with other experiences need to be considered.  

There are also limitations in the quantitative portion of the study. The teacher logs, 

while significant and innovative, have some limitations. They took a long time to create. In 

the future, these logs should be created for all MDM chapters, but this task was unreasonable 

for this study. In addition, the logs contained my interpretation of the textbook, as a 

researcher and a secondary author. Perhaps if another person created teacher logs based on 

their interpretation of the curricular materials, the logs would look differently. In a future 

study, logs should be created by a group of researchers who reach agreement in the storylines 

and items. Despite the limitations and possible flaws, the teacher logs provided strong and 

interesting data. 
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In the survey, I made the assumption that the teachers’ responses reflected the actual 

subject matter knowledge and beliefs that they had. Although I understand that these 

conceptions are dynamic, I “took a snapshot” of the teachers’ beliefs and knowledge; I then 

obtained results based on this snapshot. Moreover, the constructs on the survey did not 

necessarily align with the intentions of the curriculum, particularly the beliefs about 

curriculum construct. This made it difficult to determine how teachers’ conceptions 

connected to their implementation of this particular curriculum. In the future, another survey 

should be developed and validated that more appropriately aligns with the intentions and 

goals of the MDM curriculum. Furthermore, both the survey and the logs are teacher-

reported. This may lead to teacher-biased results. Fortunately, the mixed methods design of 

this study alleviated some of this bias.  

Implications  

 The innovative methodology and the results of the study have implications for many, 

such as (a) curriculum developers, (b) those who work in teacher professional development, 

and (c) educational researchers. Each of these is discussed in this section, and 

recommendations for future researchers are given later. 

 Curriculum developers. The results from this study have implications for 

curriculum developers. Curriculum developers need to be aware of the range of 

implementation fidelity levels that exists. They need to set clear expectations for how they 

envision the curriculum being implemented, and then make these intentions clear to the 

teachers. In order to determine the effectiveness of a curriculum, teachers’ implementation 
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fidelity levels need to be considered. Teachers will implement the curriculum as they deem 

appropriate for themselves, their students, and their schools and districts, but the curriculum 

developers may help the enacted curriculum be closer to the written curriculum by providing 

sufficient guidance within the materials or through professional development, which is 

discussed next.  

For this particular study, the MDM curriculum authors should keep this in mind in 

future drafts of the materials. For example, the results from the teacher logs showed that 

teachers often chose not to implement the Sensitivity Analysis portion of one of the problems 

in the Linear Programming—Minimization chapter. By knowing this information, the MDM 

curriculum authors could choose to provide sufficient guidance and explanation within the 

materials to help teachers implement this section of the chapter. Curriculum developers need 

to provide support such as this to teachers as they implement the curriculum. This support 

may come in the form of written materials or in the form of professional development. 

 Teacher professional developers. This study also has implications for professional 

developers. Professional developers need to be aware of how teachers implement curricula 

and the conceptions that influence their implementations. These professional developers 

should be clear about the curriculum authors’ intentions in order to minimize the difference 

between the written curriculum and teachers’ enacted curricula. 

 One way to increase teachers’ implementation fidelity levels is to address their 

conceptions. This study showed that teachers’ beliefs about curriculum, beliefs about math, 

beliefs about students, beliefs about teaching, and subject matter knowledge influence their 
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levels of implementation fidelity. Therefore, professional developers should be aware of 

these conceptions when they plan their professional development sessions. For example, 

professional development for the MDM curriculum should address teachers’ beliefs about 

students’ issues and struggles because this was a common conception that decreased their 

implementation fidelity. Teachers could be shown video clips or student work that shows 

students’ ability to complete problems from the MDM curriculum. Teachers could also 

interview students to study their issues, struggles, and abilities. These methods may address 

teachers’ beliefs about students’ issues and struggles and thus increase their levels of 

implementation fidelity. 

 Educational researchers. Finally, this study has significant implications for 

researchers. In particular, the new methodologies I used have potential for future studies. 

First, the teacher logs could be used in future studies to examine teachers’ implementation 

fidelity. Second, the stimulated recall interviews could be used to study the relationship 

between teachers’ conceptions and their implementations of curricula. These two 

methodologies are discussed in this section. 

 Teacher logs. The teacher logs utilized in this study are a powerful and innovative 

way to study implementation fidelity. Previously, researchers usually studied implementation 

fidelity using observations (e.g., Crawford et al., 2012; Freeman et al., 1983; Lambdin & 

Preston, 1995; Remillard & Bryans, 2004; Stein & Kaufman, 2010), interviews (e.g., Huntley 

et al., 2000; Tarr et al., 2005; Thompson & Senk, 2001), or surveys (e.g., Riordan & Noyce, 

2001; Tarr et al., 2005; Tarr et al., 2008; Thompson & Senk, 2001). These are useful 
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methodologies, but they have their limitations. First, observations are an ideal way of 

gleaning information about implementation of a curriculum in a classroom; unfortunately, 

they are time consuming, costly, and unrealistic in certain settings. Second, interviews can be 

used to study implementation fidelity; however, they are also time consuming, costly, and 

possibly unrealistic, and they are susceptible to the bias of self-reporting. Third, survey data 

can give researchers a wealth of information about teachers’ use of curricula, instructional 

practices, backgrounds, and beliefs; unfortunately, surveys often have low response rates, 

teachers may miscommunicate their actual instructional decisions, and teachers may believe 

they are teaching certain content using certain methods when they are not. 

In the present study, I presented an alternative method for gathering the 

implementation fidelity data: teacher logs. The teacher logs, developed by Heck et al. (2012), 

are a new and powerful way to gather information. In particular, the teacher logs can replace 

observations and interviews to obtain details on teachers’ implementation of a curriculum. 

While the teacher logs are similar to surveys, they are presented in a way completely 

different from the surveys in other implementation fidelity research.  

Confrey and Maloney (2011) argued that observations are “perhaps the most difficult 

data gathering tasks” (p. 36). They went on to say, “While surveys and teacher reports can 

shed light on [implementation] issues, the collection of observational data, and analysis with 

established and reliable rubrics, will continue to be an essential, if costly, element” (p. 36). 

Although observations could be considered essential, the teacher logs could replace them in 

many studies. When Confrey and Maloney mentioned the surveys and teacher reports, they 
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referred to some of the surveys and reports from previous research. For example, some 

researchers used surveys to study textbook coverage (McNaught et al., 2008; Tarr et al., 

2005; Tarr et al., 2008). In these surveys, teachers were provided a table-of-contents for their 

textbook and were asked to indicate which topics were covered (Tarr et al., 2005; Tarr et al., 

2008) and the extent to which they supplemented the materials (McNaught et al., 2008). This 

method provided very limited data, focusing only on content fidelity. Schoen et al. (2003) 

used a survey that “collected checklist and open-ended information concerning teachers’ 

perceptions of their own classroom practices in several categories” (p. 236). They provided 

examples of possible ways teachers could implement a lesson on their survey, such as, 

“teacher-led discussion, teacher presentation, small group or pair work, and individual seat 

work” (p. 236), but these surveys were also limited, and the items were not specific to the 

curriculum like the items in the teacher logs are.  

I argue that the teacher logs employed in this study gathered the same type of data as 

can be found in an observation, and they can inexpensively be used on a larger scale. They 

provide the researchers with more types of information than the table-of-content records 

(McNaught et al., 2008; Tarr et al., 2005; Tarr et al., 2008) or the instructional decisions 

surveys (Schoen et al., 2003). The teacher logs have potential to be a powerful, new tool for 

researchers of implementation fidelity.  

However, they have their limitations as well. First, the logs are sometimes difficult to 

create. They include a detailed list of items that support and/or go against the authors’ 

mathematical and pedagogical storylines. Therefore, someone with intimate knowledge of 
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the curriculum and the authors’ intentions must develop the logs. In addition, they take a long 

time to develop, and it may be unreasonable to have a log created for each lesson in the 

curriculum. Although, depending on the researchers’ goals, it may be unnecessary to have 

logs for all lessons. I recommend that future researchers who utilize this methodology do so 

as a group, not individually. Group members can create logs, making it less time-consuming 

for any one individual. Then, they can discuss and verify the items on the logs and whether 

they support or go against the storylines.  

Second, the teacher logs present some self-reporting bias. One of the goals for the 

logs is that there should not be any items that are obviously “positive” or “negative”; that is, 

teachers should not know whether they are supporting or going against the authors’ 

intentions when completing a log. However, teachers may report wrong information thinking 

it depicts their instruction, or they may incorrectly believe they are teaching certain content 

using certain methods. 

Third, the design of the logs made it difficult to observe teachers who adopted the 

pedagogical intentions of the authors but not the mathematical intentions. That is, the 

adopting but adapting content category would rarely be observed because the pedagogical 

items were tightly connected to the mathematical items on the logs.  

Due to these limitations, I recommend future researchers utilize multiple methods 

when studying implementation fidelity (Porter, 2002). As seen in the present study, the 

teacher logs can be extremely valuable, but when coupled with observations, they provided a 

much broader and clearer picture of how teachers implemented the MDM curriculum. 
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Therefore, I recommend future research utilize this innovative instrument in future studies, 

but do so with caution. 

 Stimulated recall interviews. The stimulated recall interviews were another innovate 

methodology in this study. Although the methodology itself is not new, I am unaware of any 

researchers who connected teachers’ conceptions to their implementation fidelity using 

stimulated recall interviews.  

 These interviews provided extensive and deep information about teachers’ 

conceptions. By asking teachers their thoughts about a particular clip, I was able to learn 

about the reasons behind teachers’ instructional choices. Past researchers generally studied 

conceptions related to implementation fidelity through surveys (e.g., McCaffrey et al., 2001; 

McNaught et al., 2008; Schoen et al., 2003; Tarr et al., 2005) and structured or semi-

structured interviews (e.g., Arbaugh et al., 2006; Huntley et al., 2000; Remillard & Bryans, 

2004). These are effective ways to learn about teachers’ conceptions. However, the 

stimulated recall interviews specifically examined the choices teachers made during the 

implementation of the curriculum. Surveys, structured interviews, and semi-structured 

interviews cannot access the same type of data. 

 In the present study, I utilized surveys, semi-structured interviews, and stimulated 

recall interviews to study teachers’ conceptions related to their implementation of the MDM 

curriculum. The surveys provided data about teachers’ conceptions, but they were unrelated 

to the MDM curriculum. The semi-structured interviews also resulted in data about teachers’ 

conceptions, and often these conceptions were related to their implementation fidelity. 
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However, the depth of the relationship between these conceptions and their implementation 

fidelity was lacking because they did not often discuss particular instructional decisions; they 

could not go back to a particular moment during instruction and explain their thinking. The 

stimulated recall interviews provided the deepest and most powerful answers to the second 

research question. 

 However, like all other methodologies, stimulated recall interviews had limitations. 

First, they were time-consuming, both in preparation and in action. It took time to collect the 

clips to present to the teacher, and it also took time to sit with the teacher after the 

observations were complete to discuss his/her instructional decisions. Second, I was 

sometimes unsure whether I chose the “best” clips to present to the teacher. I chose clips 

based on (a) any questions in my field notes about a decision the teacher made, (b) any 

instructional techniques the teacher used often, or (c) any instructional techniques the teacher 

used that was unusual or different from typical instruction. While I tried to be mindful about 

my choices, I could never be sure that certain clips would access the conceptions the teacher 

was holding at that moment in time.  

 To alleviate some of these issues, I recommend researchers work in groups when 

utilizing the stimulated recall methodology. This would lessen the amount of time spent 

preparing for the interviews and performing the interviews because the work could be 

divided amongst the group members. Furthermore, researchers could have more confidence 

in the clips they chose if they discuss them as a group before using them. Moreover, as 

mentioned earlier, the validity of the results can be increased by employing several 
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methodologies (Porter, 2002). As seen in this study, data from the surveys, semi-structured 

interviews, and stimulated recall interviews combined to form a clear picture of teachers’ 

conceptions related to their implementation of the MDM curriculum. 

Recommendations for Future Research  

Over the past 20 years, the National Science Foundation has funded many new 

mathematics curriculum development projects (NRC, 2004). Most of these curricula were 

written based on the NCTM Standards (1989, 2000), while some—like the MDM 

curriculum—were not. With these new curricula being introduced in schools nationwide, 

many policy makers and researchers wondered, “Do these materials work?” This question led 

to an influx of research on curriculum evaluation (NRC, 2004; Stein et al., 2007). In 2004, 

the NRC developed a framework for studying curricular effectiveness. This framework 

included three major components for curriculum evaluations: “(1) the program materials and 

design principles; (2) the quality, extent, and means of curricular implementation; and (3) the 

quality, breadth, type, and distribution of outcomes of student learning over time” (p. 4). In 

particular, many researchers devoted studies to examining the second component: teachers’ 

implementations of the curriculum (e.g., Brown et al., 2009; Huntley, 2009; Tarr et al., 

2008). 

 Stein, Remillard, and Smith (2007) provided a framework for studying the transitions 

of the curriculum from its written form to its enacted form, as shown in Figure 6.1. This 

framework shows it is unreasonable to study the connection between the written curriculum 

and student learning without considering the intended and enacted curricula. That is, to 
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implementations of the MDM curriculum. Through this study, I identified several instances 

that need to be explored further in future research. 

First, the present study focused on the implementation factors of the MDM 

curriculum. In order to determine the effectiveness of this curriculum, future studies will 

need to address other components of a curriculum evaluation, as described in the NRC report 

(2004). That is, there also needs to be a content analysis that evaluates the curricular 

materials and design principles as well as a study of the outcomes of student learning. Once 

all three components are investigated, the curriculum developers and evaluators will gain a 

clear picture of the effectiveness of the MDM curriculum.  

Second, all teachers in the qualitative portion of the study mentioned timing or feeling 

constrained by time even though most of them did not have standards, an end-of-course test, 

or administration that constrained or put pressure on them. Future research should investigate 

teachers’ need to “get through” materials even without external pressure to do so. 

Third, in the quantitative results, Spearman’s Rank Order correlation showed that the 

MSL was significantly correlated with the PSL. However, the mathematical adherence scores 

were not significantly correlated with the mathematical focus scores even though both of 

these scores were calculated using the items that supported the MSL. This result was 

unexpected and should be explored further. 

Fourth, the quantitative data showed that there was a connection between teachers’ 

beliefs about math and their levels of implementation fidelity, but the qualitative data did not 
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yield the same results. Therefore, future research needs to be done to examine this connection 

further. 

Fifth, there was some evidence that a lack of subject matter knowledge increased 

teachers’ content fidelity, particular in Gina’s case. Kimberly also showed a lack of subject 

matter knowledge, but the connection between this and her content fidelity was not as 

obvious. The quantitative data showed no significant correlation between subject matter 

knowledge and implementation fidelity. Thus, future research should pursue this conjecture 

further. 

Sixth, I expected there to be a connection between teachers’ level of support of the 

MSL and their content fidelity and between teachers’ level of support of the PSL and their 

presentation fidelity. That is, it makes sense that a teacher who supported the authors’ MSL 

would have high content fidelity and a teacher who supported the PSL would have high 

presentation fidelity. While these two concepts came from different literature (McNaught et 

al., 2010 and Heck et al., 2012, respectively), a connection can be made between the two 

based on their definitions. However, this was not always the case. Therefore, more research 

needs to be done to examine this connection further. 

Seventh, according to the qualitative data, teachers’ beliefs about teaching played a 

large role in their instructional decisions and thus their implementation fidelity. However, the 

quantitative results showed no correlation between beliefs about teaching and 

implementation fidelity. In fact, there were non-significant negative correlations between 

beliefs about teaching and teachers’ mathematical focus and pedagogical adherence scores. 
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These quantitative results were particularly surprising because most of the items in the 

teacher logs that supported the authors’ PSL were related to the nontraditional items on the 

survey. This contradiction needs to be studied further in future research. 

Closing Remarks  

In this study, I met the NRC’s (2004) call to evaluate curricular effectiveness by 

studying the implementation components of the curriculum. I utilized the framework given 

by Stein et al. (2007) to frame and guide the study. Specifically, I explored teachers’ 

implementation of the MDM curriculum through observations and teacher logs, and I studied 

teachers’ conceptions related to their implementation of the MDM curriculum through 

interviews and a survey.  

In answering the first research question (How do teachers’ implementations of a 

mathematical decision-making curriculum align with the authors’ intentions?), I found that 

teachers tended to implement the MDM curriculum faithfully, but there was a range of 

fidelity within and among teachers. Four categories for implementation fidelity emerged in 

this study: (a) thorough piloting referred to teachers with high content and presentation 

fidelity while still allowing for slight modifications and adaptions by the teachers, (b) 

adopting but adapting content referred to teachers with high presentation fidelity but low 

content fidelity, (c) adopting but adapting pedagogy referred to teachers with high content 

fidelity but low presentation fidelity, and (d) partial piloting referred to teachers with low 

presentation and low content fidelity.  
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In answering the second research question (How do teachers’ conceptions influence 

their implementations of a mathematical decision-making curriculum?), I found that 

teachers’ conceptions influenced their levels of implementation fidelity in different ways. 

First, positive and/or nontraditional beliefs about the MDM curriculum, math, and students 

were related to higher implementation fidelity; negative and/or traditional beliefs about the 

MDM curriculum, math, and students were related to lower implementation fidelity. Second, 

beliefs about teaching that aligned with the authors’ goals were related to higher presentation 

fidelity. Third, lack of subject matter knowledge was sometimes related to higher content 

fidelity. 

Given these results, curriculum developers should make their intentions clear, 

professional developers should address conceptions related to curricular implementation, and 

researchers should utilize the innovative methodologies employed in this study, particularly 

the use of teacher logs to study implementation fidelity and stimulated recall interviews to 

study conceptions related to implementation fidelity. Future research should investigate the 

other components of a curriculum evaluation (i.e., program components and student 

outcomes) as well as the contradictions and nuances that emerged from this multi-methods 

study.  

In conclusion, this study was particularly significant because it evaluated the 

implementation of a new curriculum not based on the NCTM Standards (1989, 2000) and 

because it incorporated methodologies not currently known in the field of curriculum 
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evaluation. The design and the results of this study add to the current body of literature on 

curricular implementation and conceptions related to curricular implementation. 
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Appendix A: Portions of the MDM Curriculum 

2.0.1 “The Lego Problem” 
 
In order to get a feel for mathematical programming, this chapter begins with a problem that has a 
concrete model. This model can be built from Lego pieces. When a mathematical model of a real 
world situation is constructed in symbolic form, it is often helpful to construct a physical or visual 
model at the same time. The role of the latter model is to help the model builder to understand the 
real-world situation as well as its mathematical model.  
 
The Problem  
A certain furniture company makes only two products: tables and chairs. The manufacturing of tables 
and chairs can be modeled using Lego pieces. To make a table requires two large and two small 
pieces, and a chair requires one large and two small pieces. Figure 2.0.1 shows a table and a chair 
made from Legos. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.0.1:  A Lego table and chair 
 
If the resources needed to build tables and chairs were unlimited, the company would just 
manufacture as many of each as it thought it could sell. In the real world, however, resources are not 
unlimited. Suppose that the company can only obtain six large and eight small pieces per day. Figure 
2.0.2 shows these limited resources. 

 

 

 

 

 

   

Table Chair 

2 large
2 small

1 large
2 small
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Figure 2.0.2:  The furniture company’s limited resources 

 
The profit from each table is $16, and the profit from each chair is $10. The production manager 
wants to find the rate of production of tables and chairs per day that earns the most profit. Production 
rate refers to the number of tables and chairs this company can produce per day.  
 
Q1. What do you think the production rates should be in order to generate the most profit? 
 
Q2. Does the number of table and chairs produced each day have to be an integer value? 
 
Q3. Using only eight small and six large Legos, build a physical model of this problem. If Legos 

are unavailable, draw pictures to explore some possibilities. Create several combinations of 
tables and chairs this company could make using your model. 
 

Solving the Problem  
There are many possible product mixes this company could make. A product mix is a combination of 
each product being manufactured. The various product mixes could be explored using the Lego 
model. 
 
First, the company could begin by making as many tables as possible since the profit from a table is 
much greater than the profit from a chair. Each table requires two large pieces and two small pieces. 
There are only six large and eight small pieces available. Therefore, only three tables can be built. 
This generates 3($16) = $48 profit. There are two small pieces left over, but nothing can be built from 
them. Thus, $48 is the total profit if three tables (and no chairs) are built. 
 
Three tables and zero chairs was one possible product mix. There could be other production rates that 
generate more profit. 
 
No more than three tables could be made due to the limited resources available, and making three 
tables yielded a profit of $48. Now, suppose two tables are made. Manufacturing two tables uses four 
large and four small pieces. Now there are two large and four small pieces left over. These are just 
enough resources to build two chairs. The profit on two tables and two chairs would be 2($16) + 
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2($10) = $52. This is more profit than building three tables. However, the production manager 
wonders, “Is $52 the greatest profit possible? Is there another product mix that could generate more 
profit?” 
 
Q4. In a Table 2.0.1, record other combinations of tables and chairs the company could produce. 

For each combination, write the production rate of tables, the production rate of chairs, and 
the profit for each possibility. 

 

Production Rate of Tables Production Rate of Chairs Total Profit 

   

   

   

   

Table 2.0.1: Exploring the total profit for each combination of tables and chairs 
 
Q5. Which production rates generate the most profit? 
 
Q6. Did any product mix yield a profit greater than $52? 
 
It is impossible to find the total profit for every product mix because there are infinitely many 
possibilities. However, most likely no one in the class found a profit greater than $52. In the next 
section, you will learn how to know for certain you found the product mix with the greatest profit. 
 
Notice that in Table 2.0.1 you used a set of similar equations to compute the profit for each 
possibility. These equations are the basis for the objective function. The two production rates varied 
across each possible product mix, and exploring these variations allows a decision about production 
to be made. Therefore, the production rates for tables and chairs are known as the decision variables 
for this problem. 

 
 

 
   

Figure 2.0.3: Two tables and two chairs yield the most profit 
 
Because the profit has been optimized, the solution in Figure 2.0.3 is called the optimal solution. 
Besides the optimal solution, there are many other possible solutions. Although they are not optimal, 
each possible solution is still a feasible solution. Building four tables is an example of an infeasible 
solution. 
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Q7. Why is building four tables an example of an infeasible solution? 
 
Q8. Give another example of an infeasible solution. 
 
Stepping Beyond the Solution 
Operations researchers understand that there is more to their work than merely finding solutions to 
problems. Once a solution is found, it must be interpreted. One sort of interpretation is called 
sensitivity analysis. Sensitivity analysis involves exploring how sensitive the solution is to changes 
in the parameters of the problem. For example, in the Lego problem above, one of the parameters of 
the problem is the availability of large pieces.  
 
Q9. Would it make a difference if seven large pieces were available instead of six (there are still 

eight small pieces)? If so, what is the new optimal solution, and how much profit does it 
generate? 

 
Q10. Would it make a difference if nine small pieces were available instead of eight (there are still 

six large pieces)? If so, what is the new optimal solution, and how much profit does it 
generate? 

 
Q11. Would it make a difference if seven large pieces and nine small pieces were available? If so, 

what is the new optimal solution, and how much profit does it generate? 
 
Growing the Problem 
Suppose now that the furniture company has decided to dramatically expand production. Now it is 
able to obtain 27 small and 18 large Lego pieces per day. The profit on tables and chairs remains the 
same.  
 
Q12. What should the daily production rates be in order to maximize profit? 
 
Q13. Would it make a difference if 19 large pieces were available instead of 18 (there are still 27 

small pieces)? If so, what is the new optimal solution, and how much profit does it generate? 
 

Q14. Would it make a difference if 28 small pieces were available instead of 27 (there are still 18 
large pieces)? If so, what is the new optimal solution, and how much profit does it generate? 
 

Q15. Was this new problem easier or more difficult to solve than the original? Why? 
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Section 2.1: Computer Flips, a Junior Achievement Company 
 
Junior Achievement (JA) is an educational program available worldwide. JA uses hands-on 
experiences to help young people understand the economics of life. In partnership with businesses 
and educators, JA brings the real world to students. The JA Company Program provides basic 
economic education for high school students by using support and guidance of volunteer consultants 
from the local business community. By organizing and operating an actual business, students learn 
how businesses function. They also learn about the structure of the free enterprise system and the 
benefits it provides. 
 
Gates Williams is the production manager for Computer Flips, a Junior Achievement company. 
Computer Flips purchases a basic computer at wholesale prices and then adds a display, extra 
memory cards, extra USB ports, or a CD-ROM or DVD-ROM drive. The company also purchases 
these extra components at wholesale prices. The computers, with the added features, are then resold 
at retail prices. 
 
Computer Flips produces two models: Simplex and Omniplex. The profit on each Simplex is $200, 
and on each Omniplex, the profit is $300. The Simplex model has fewer add-ons, so it requires only 
60 minutes of installation time. The Omniplex has more add-ons and requires 120 minutes of 
installation time. Five JA students do all of the installation work. Each of them works 8 hours per 
week. Gates Williams must decide the rate of production per week of each computer model in order 
to maximize the company’s weekly profit. 
 
To make decisions such as the one Gates Williams faces, operations researchers use a technique 
known as linear programming. Answering the following questions will help you understand this 
technique. 
 

2.1.1 Exploring the Problem 
 
One way to approach the problem is to make some guesses and test the profit generated by each 
guess. For example, suppose Gates Williams decides the company should make 20 of each model. 

 
Q1. How much profit would be generated? 

 
Q2. Is there enough installation time available to make that number of each model? 
 
Q3. Answer the same two questions if Gates Williams decides to make:  

a. 10 Simplex computers and 30 Omniplex computers 
b. 30 Simplex and 10 Omniplex 
 

Q4. Can you find a product mix for which there is enough installation time? 
 

Q5. How much profit do the production rates you found generate for the company? 
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2.1.2 Generalizing the Problem 
 

Sometimes it is helpful to visualize things. The numbers, variables, and their relationships in a 
problem can be represented by a graph. Before graphing the Computer Flips problem, you must 
translate the information in the problem into mathematical statements—equations or inequalities. 
 
First, let  

x1 represent the weekly production rate of Simplex computers and 
x2 represent the weekly production rate of Omniplex computers 
 

The variables x1 and x2 are called decision variables because Gates Williams uses them to help make 
his decision. Mr. Williams’s goal is to make as much money as possible. He does this by selling as 
many computers as he is able. Therefore, Mr. Williams can calculate his weekly profit (z) as a 
function of x1 and x2. Because the objective is to maximize profit, the profit function is called the 
objective function. 

 
Q6. Write an equation for the profit (z) the company would earn in a week. [Hint: Look back at 

Section 2.1.1 and see how you calculated profit for 20 Simplex and 20 Omniplex 
computers.] 
 

Q7. Write a mathematical statement in terms of x1 and x2 that describes the relationship between 
the installation time required to produce x1 Simplex and x2 Omniplex computers each week 
and the amount of available installation time each week. [Hint: Look back at Section 2.1.1 
and see how you determined if there was enough installation time to produce 20 Simplex 
and 20 Omniplex computers.] 
 

Q8. Can Computer Flips produce a negative number of either model? 
 
Q9. Write two mathematical statements that describe your answer to the previous question. 

 
The mathematical statements created in this section will be used to find the optimal solution in the 
following sections. 

 

2.1.3 A Visual Approach 
 

At this point, it should be clear that Gates Williams cannot decide to make any number of each 
model he chooses because there is only a certain amount of installation time available each week. 
That is, the available installation time constrains the number of Simplex and Omniplex computers 
that can be made each week. The inequality that captures this relationship (from Q7) is called a 
constraint. The other two inequalities (from Q9) express the fact that the decision variables in this 
problem cannot be negative. Thus, they are called non-negativity constraints. 
 
These constraints can be graphed on a coordinate place. This graph gives a visual representation of 
the possible production rates for each computer model. 

 



372 
 
 
 

 

Q10. On the same coordinate axes, graph each of the three inequalities you wrote in the previous 
section (one from Q7 and one from Q9). For uniformity, place x1 on the horizontal axis and 
x2 on the vertical axis. 
 

Q11. Give one point that satisfies all three inequalities. 
 
Q12. Where are all of the points that satisfy all three inequalities? 
 
Q13. What is the connection between the points identified in the previous question and the 

Simplex and Omniplex computers? 
 
The points that satisfy each of the constraint inequalities represent a mix of Simplex and Omniplex 
computers that could be produced each week. Recall that this region of the coordinate system is 
called the feasible region, because those points represent feasible production mixes. 

 
Q14. Choose any point in the feasible region, and compute the weekly profit that would be 

generated by producing that mix of Simplex and Omniplex computers. 
 

Q15. Choose a second point in the feasible region that generates the same weekly profit as the 
first point.  
a. Draw a line through the two points. 
b. Write the equation for this line in terms of x1 and x2.  
 

Every point on the line you have drawn generates the same weekly profit. For this reason, such a line 
is called a line of constant profit. 

 
Q16. Suppose Computer Flips generates $6,000 of profit each week.  

a. Write an equation to represent this situation.  
b. Graph this equation. 

 
Note that the points (0, 20), (15, 10), and (30, 0) are on the line you drew, and each coordinate pair 
generates a profit of $6,000 when substituted into the objective function. 
 
Q17. For each of the following profits, write an equation and then graph that equation (on the 

same coordinate plane). 
a. $0 profit 
b. $3600 profit 
c. $4800 profit 
d. $7200 profit 

 
Q18. What do you notice about the three lines you have drawn? 

 
Q19. Which of the lines generates the largest weekly profit? 

 
Q20. If you were to continue drawing lines in this way, where does the line that generates the 

largest weekly profit intersect the feasible region? What is the profit at that point? 
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2.1.4 Solving the Problem 
 

Hopefully, the previous line of investigation has suggested that the point or points representing the 
largest possible weekly profit are close to the boundary of the feasible region. That is, in order to 
maximize profits, Computer Flips’ production rates should be as large as possible, while still 
keeping within the available installation time. 

 
Q21. Choose a point on the boundary of the feasible region, but not at a corner (vertex), and 

evaluate the profit there. 
 

Q22. Continue to choose points on the boundary, but try to increase the amount of profit each 
time. 
 

Q23. Finally, evaluate the profit at each of the corner points of the feasible region. 
 

Q24. What is the relationship between the corner points and the feasible region? 
 

Q25. At which of these points is the profit the greatest? How would you describe this point? 
Recall: The point at which the profit is maximized is called the optimal solution. 
 

Notice that as the amount of constant profit increases, the lines are higher and further right in the first 
quadrant. Try to visualize a single line moving upward or to the right while its slope remains constant. 
The last point(s) in the feasible region that such a moving line touches will be optimal, because the 
profit is the greatest of any feasible points.  
 
Q26. There is not always only one optimal solution. 

Draw an example of a feasible region that could have more than one optimal solution. 
 

2.1.5 Complicating the Problem 
 

After several weeks of operation, one of the students in the sales department of Computer Flips does 
some market research. Based on this research, she decides that the company cannot sell more than 20 
Simplex computers in any given week. 

 
Q27. Write an inequality that expresses this market constraint. 

 
Q28. Graph the new system of constraint inequalities.  
 
Q29. What do you notice about the optimal solution you found earlier? 
 
Q30. What is the optimal solution after adding the market constraint? 

 
Now the students in the sales department of Computer Flips decide to extend the market research to 
the Omniplex model. On the basis of their research, they decide that Computer Flips cannot sell 
more than 16 Omniplex computers in any given week. 
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Q31. Write an inequality for this new market constraint. 
 

Q32. Graph the new feasible region. 
 

Q33. Does the previous optimal solution lie in the new feasible region? 
 

Q34. What is the optimal solution after the addition of the second market constraint? 
 

The students at Computer Flips notice that they are getting a lot of returns. Every computer that was 
returned had a problem with one of the add-ons. They realize that they need to test their finished 
products before shipping them. They decide to assign the task of testing the computers to only one of 
the student installers. To accommodate this change, the other four student installers agree to work 10 
hours per week, so that the total available installation time remains 40 hours per week. The student 
who will do the testing also works 10 hours per week. It takes her 20 minutes to test a Simplex and 
24 minutes to test an Omniplex. 

 
Q35. Write an inequality for the testing constraint based on the information in the previous 

paragraph. 
 

Q36. Graph the new feasible region. 
 
Q37. Using the new feasible region, what is the optimal solution? 

 
Q38. Why is it possible to have a non-integer solution? 

 

2.1.6 Success Breeds—An Even More Complicated Problem 
 

Computer Flips has some initial success, so the students are considering producing two additional 
models: Multiplex and Megaplex. Multiplex will have more add-ons than Simplex, but not as many 
as Omniplex. Each Multiplex will generate $250 profit. Megaplex, as the name implies, will have 
more add-ons than any of the other models. Each Megaplex will generate $400 profit. 

 
Q39. What are the decision variables in the new problem? What do they represent? 
 
Q40. Write an equation for the profit (z) the company would earn in a week.  
 
The installation and testing times for each computer appear in Table 2.1.1. In addition, market 
research indicates that the combined sales of Simplex and Multiplex cannot exceed 20 computers per 
week, and the combined sales of Omniplex and Megaplex cannot exceed 16 computers per week. 
 

 Simplex Omniplex Multiplex Megaplex 
Installation Time 60 min. 120 min. 90 min. 150 min. 

Testing Time 20 min. 24 min. 24 min. 30 min. 
Table 2.1.1: Installation and Testing times for all four computer models 
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Q41. Using the information above, formulate the constraints after the Multiplex and Megaplex 
models have been added to the product mix.  
 

Q42. Is it possible to solve this problem by graphing? Why or why not? 
 
In the next section, you will see another way to solve linear programming problems. In particular, the 
following section explores solving problems without graphing. You may wonder why this graphing 
approach cannot be used to solve every linear programming problem. If a problem contain three 
decision variables, it would be difficult for many people to visualize the graph. If a problem contains 
four or more decision variables, a graph is not even possible.
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The last step in the formulation of the problem is to represent any constraints in terms of the decision 
variables. G. F. Hurley cannot just decide to make as many boards as he wants, because the number 
made is constrained by the available shaping time. Therefore, shaping time will be a constraint. 
 
Suppose SK8MAN, Inc. is open for 8 hours a day, 5 days a week, which is a 40-hour workweek. 
However, since the information about shaping time is expressed in minutes, 40 hours is converted to 
2,400 minutes. If SK8MAN, Inc. makes x1 Sporty boards and x2 Fancy boards per week, they use 5x1 
+ 15x2 minutes of shaping time.  
 
For example, making 100 Sporty boards and 150 Fancy boards would take 5(100) + 15(150) = 2,750 
minutes. Note that since 2,750 minutes is greater than 2,400 minutes, this production mix is not 
feasible. 
 
Thus, the shaping time constraint is: 

5x1 + 15x2 ≤ 2400 
 
There are also two not-so-obvious but completely logical constraints. G. F. Hurley knows the 
production rate cannot be a negative number for either type of skateboard, so he writes the non-
negativity constraints: x1 ≥ 0 and x2 ≥ 0. 
 
The complete linear programming formulation looks like this: 
 
Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 
                   x2 = the weekly production rate of Fancy boards 

z = the amount of profit SK8MAN, Inc. earns per week 
 
Objective Function 
 Maximize:   z = 15x1 + 35x2 
 
Constraints 

Subject to: 
  Shaping Time:   5x1 + 15x2 ≤ 2400 
  Non-Negativity:  x1 ≥ 0 and x2 ≥ 0 
 
This formulated linear programming problem can now be solved graphically. To do so, G. F. Hurley 
sets up a coordinate plane with x1 as the horizontal axis and x2 as the vertical axis. Then, he graphs the 
constraints, as shown in Figure 2.2.5. 
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Figure 2.2.5: Graph of the system of constraints 

 
G. F. Hurley recalls that every point in the shaded region satisfies all three constraints and is thus 
called the feasible region. Each ordered pair in the feasible region represents a combination of Fancy 
and Sporty boards that SK8MAN, Inc. could produce without violating any of the constraints. There 
are an infinite number of points in the feasible region, and the solution to the problem of maximizing 
profit is the one point that generates the most profit. 
 
Rather than try to test an infinite number of points in the objective function, the optimal solution can 
be found by testing only a few points. This is due to the Corner Point Principle.  
 

Corner Point Principle 
 
If a linear programming problem has a 
unique optimal solution, it must occur at 
a corner point of the feasible region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2.6: Example of an optimal solution at a 
corner point of the feasible region 
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The Corner Point Principle allows us to simply evaluate the objective function at each corner point of 
the feasible region. Instead of there being an infinite number of possibilities for the optimal solution, 
there are only as many possibilities as there are corners of the feasible region.  
 
Therefore, G.F. Hurley tests only the corner points of the feasible region in the objective function, as 
shown in Table 2.2.1. 
 

Point Profit 
(0, 0) $15(0) + $35(0) = $0 

(480, 0) $15(480) + $35(0) = $7,200 
(0, 160) $15(0) + $35(160) = $5,600 
Table 2.2.1: Corner points and their profits 

 
Based on this information, SK8MAN, Inc. should produce 480 Sporty boards and 0 Fancy boards 
each week. This product mix will generate a weekly profit of $7,200. 
 

2.2.2 Adding a New Constraint 
 
G. F. Hurley just found out that the company that supplies the trucks for SK8MAN Inc.’s boards can 
provide at most 2,800 trucks per month. To make the problem easier, G. F. Hurley considers a month 
to be four weeks, and therefore there are 700 trucks available per week. Since each skateboard needs 
two trucks, this new information represents another constraint.  
 
The new complete linear programming formulation is as follows: 
 
Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 
                   x2 = the weekly production rate of Fancy boards 

z = the amount of profit SK8MAN, Inc. earns per week 
 
Objective Function 
 Maximize:   z = 15x1 + 35x2 
 
Subject to: 

Constraints 
  Shaping Time:   5x1 + 15x2 ≤ 2400 

Trucks:   2x1 + 2x2 ≤ 700 
  Non-Negativity:  x1 ≥ 0 and x2 ≥ 0 
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Again, G. F. Hurley graphs the constraints, as shown in Figure 2.2.6. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
Figure 2.2.6: The feasible region after adding the truck constraint 

 
The new constraint changes the feasible region. The previous optimal solution is no longer included.  
To find the new optimal solution, G. F. Hurley evaluates all the new corner points in the objective 
function, as seen in Table 2.2.2. 
 

Point Profit 
(0, 0) $15(0) + $35(0) = $0 

(350, 0) $15(350) + $35(0) = $5,250 
(285, 65) $15(285) + $35(65) = $6,550 
(0, 160) $15(0) + $35(160) = $5,600 

Table 2.2.2: New corner points and their profits 
 
Now G. F. Hurley can easily see that the maximum weekly profit SK8MAN, Inc. can earn is $6,550, 
and the company does so by manufacturing 285 Sporty skateboards and 65 Fancy skateboards each 
week. 
 
2.2.3 Adding a Third Constraint 
 
The U.S. Congress recently enacted legislation regulating the consumption of North American maple 
by U.S. manufacturers. As a consequence, SK8MAN, Inc.’s supplier told the company that it can 
provide no more than 840 veneers per week. The law leads to a new constraint. Recall that to make a 
skateboard, seven veneers are glued together and then placed in a hydraulic press (see Figure 2.2.2). 
Also recall that North American maple is used only for Fancy decks (Sporty decks are made from 
Chinese maple). 
 
G. F. Hurley develops the new complete linear programming formulation: 
 
 

1x

2x

1 25 +15 2400x x 
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Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 
                   x2 = the weekly production rate of Fancy boards 

z = the amount of profit SK8MAN, Inc. earns per week 
 
Objective Function 
 Maximize:   z = 15x1 + 35x2 
 
Subject to: 

Constraints 
  Shaping Time:    5x1 + 15x2 ≤ 2400 

Trucks:    2x1 + 2x2 ≤ 700 
North American Maple:  7x2 ≤ 840 

  Non-Negativity:   x1 ≥ 0 and x2 ≥ 0 
 

Again, G. F. Hurley graphs the constraints, as shown in Figure 2.2.7. 

1x

2x

1 25 +15 2400x x 

1 22 + 2 700x x 

7 2 840x 

 
Figure 2.2.7: The feasible region after adding the North American maple constraint 

 
When the new constraint is graphed, the feasible region changes, but the previous optimal solution 
(285 Sporty boards and 65 Fancy boards) is still included. Applying the corner point principle 
confirms that the maximum profit is unchanged because the optimal solution without the North 
American maple constraint remains in the feasible region after the North American maple constraint 
is added to the formulation. Table 2.2.3 shows the corner point calculations with the new constraint 
added to the formulation. 
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Point Profit 
(0, 0) $15(0) + $35(0) = $0 

(350, 0) $15(350) + $35(0) = $5,250 
(285, 65) $15(285) + $35(65) = $6,550 

(120, 120) $15(120) + $35(120) = $6,000 
(0, 120) $15(0) + $35(160) = $5,600 

Table 2.2.3: Evaluating the objective function at each corner point of the new feasible region 
 
Therefore, the optimal solution remains at 285 Sport boards and 65 Fancy boards. Since the North 
American maple constraint has no effect on the optimal product mix, it is called a non-binding 
constraint. The optimal product mix uses only 65(7) = 455 of the 840 available North American 
maple veneers (because the Sporty boards do not use North American maple, and the Fancy boards 
use 7 North American maple veneers per board). Not all of the available resource is expended in 
producing the optimal solution; thus there is a slack of 840 – 455 = 385. The ideas of non-binding 
constraints and slack will be explored throughout the chapter. 
 

2.2.4 A Fourth Constraint 
 
Finally, SK8MAN, Inc.’s Chinese maple supplier has decided to limit its exports and will deliver a 
maximum of 1,470 veneers per week. Now G. F. Hurley needs to determine the new mix of products 
that will maximize weekly profit. As before, this information leads to a new constraint, but the 
decision variables, objective function, and previous constraints remain the same. G. F. Hurley 
develops the new complete linear programming formulation: 
 
Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 
                   x2 = the weekly production rate of Fancy boards 

z = the amount of profit SK8MAN, Inc. earns per week 
 
Objective Function 
 Maximize:   z = 15x1 + 35x2 
 
Subject to: 

Constraints 
 Shaping Time:    5x1 + 15x2 ≤ 2400 

Trucks:    2x1 + 2x2 ≤ 700 
North American Maple:  7x2 ≤ 840 
Chinese Maple:   7x1 ≤ 1470 

 Non-Negativity:   x1 ≥ 0 and x2 ≥ 0 
 
Figure 2.2.8 shows the new graph of the constraints. 
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Figure 2.2.8: The feasible region after adding the Chinese maple constraint 

 
As the graph in Figure 2.2.8 shows, the feasible region changes again. The previous optimal solution, 
(285, 65), is no longer feasible, so each corner point must be tested. Notice that the corner points 
created by the boundary of the Chinese maple constraint are new. 
 

Point Profit 
(0, 0) $15(0) + $35(0) = $0 

(210, 0) $15(210) + $35(0) = $3,150 
(210, 90) $15(210) + $35(90) = $6,300 

(120, 120) $15(120) + $35(120) = $6,000 
(0, 120) $15(0) + $35(160) = $5,600 

Table 2.2.3: Evaluating the objective function after the last constraint is added 
 
Now SK8MAN, Inc.’s maximum profit is $6,300 per week. The product mix that achieves that profit 
is 210 Sporty skateboards and 90 Fancy skateboards. Notice the tendency for maximum profit to 
decrease as the number of constraints increases. 
 

2.2.5 Adding a Third Decision Variable 
 
SK8MAN Inc. is introducing a new product—the Pool-Runner skateboard—which is made from 
Chinese maple. It is wider and shorter than the Sporty board so that it will be easy to use in a pool. It 
takes four minutes to shape a Pool-Runner board, and SK8MAN, Inc. earns $20 for each one sold.  

 
Q2. Develop a table to organize the information about Sporty, Fancy, and Pool-Runner boards. 
 
G. F. Hurley needs to determine the new constraints and the optimal product mix. He begins by 
developing the new complete linear programming formulation: 
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Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 
                   x2 = the weekly production rate of Fancy boards 
                   x3 = the weekly production rate of Pool-Runner boards 

z = the amount of profit SK8MAN, Inc. earns per week 
 
Objective Function 
 Maximize:   z = 15x1 + 35x2 + 20x3 
 
Subject to: 

Constraints 
 Shaping Time:    5x1 + 15x2 + 4x3 ≤ 2400 

Trucks:    2x1 + 2x2 + 2x3 ≤ 700 
North American Maple:  7x2 ≤ 840 
Chinese Maple:   7x1 + 7x3 ≤ 1470 

 Non-Negativity:   x1 ≥ 0, x2 ≥ 0, and x3 ≥ 0 
 
Begin by putting a title in column A, such as Chapter, Section, and type of problem (see Figure 
2.2.13). This title will make things easier when coming back to this spreadsheet later.  
 
Next, label cell A5 “Decision Variables” and cell A6 “Decision Values.” It is helpful to type in the 
description of the decision values as seen in Figure 2.2.13. The decision variables in this problem 
were the types of skateboards being produced at SK8MAN Inc. (Sporty, Fancy, and Pool-Runner). 
The empty cells for the decision values are treated as zero values. These cells are where Solver will 
put the values it computes for the decision variables once Solver is run. Because the values in these 
cells are continually changing, Solver calls them “changing cells.” 
 
After the decision variables and values, the objective function will be written. It is helpful to write a 
short description of the objective function. In this example, G. F. Hurley wants to maximize profit, so 
the objective is to find profit. 
 
Finally, the constraints are listed. The non-negativity constraints do not need to be written in the 
spreadsheet because Solver has an option that makes all decision values non-negative. 
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Q8. What is the relationship between slack and whether a constraint is binding? 
 
To review, the steps for solving a maximization linear programming problem using Excel Solver are 
given in Table 2.2.4. 
 

Step Description 
0 Add in Solver (skip this step once Solver has been added). 
1 Set up the spreadsheet using the linear programming formulation. 
2 Develop the formula for the objective function. 
3 Develop the formulas for left-hand side of the constraints. 
4 Type in the values for the right-hand side of the constraints. 
5 Click on objective formula cell and choose Solver from the Data menu. 
6 Verify that that “Max” circle is filled in. 
7 Fill in the decision variable cells into the “By Changing Variable Cells” section. 
8 Add constraints into the “Subject to the Constraints” section. 
9 Verify that “Make Unconstrained Variables Non-Negative” is checked. 

10 Choose “Simplex LP” from the “Select a Solving Method” drop-down menu. 

11 
Choose all appropriate options in the “All Methods” tab of the “Options” menu (see 
Figure 2.2.21). 

12 
Click “Solve.” Interpret and analyze the results. Examine the Answer and Sensitivity 
Reports when desired. 

Table 2.2.4: Steps for solving a maximization linear programming problem using Excel Solver 
 
Q9. Based on these results, how many of each type of skateboard should SK8MAN, Inc. produce 

each week? 
 

Q10. Under what conditions may G. F. Hurley decide to make a different product mix? 
 

Q11. Summarize the main ideas of linear programming. 
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Section 3.1: Computer Flips, a Junior Achievement Company 
 

Recall from Chapter 2 that Computer Flips is a Junior Achievement Company that begins producing 
two computer models: Simplex and Omniplex. The pertinent data from the Computer Flips problem 
appear in Table 3.1.1. 

 
 Simplex Omniplex 

Profit per Computer $200 $300
Installation Time per Computer 60 min. 120 min. 

Table 3.1.1: Computer Flips information for two computer types 
 
In addition, Computer Flips has 2,400 min of installation time available per week (five students, 
each working eight hours per week). They are also under two market restrictions. They estimate that 
they cannot sell more than 20 Simplex computers or 16 Omniplex computers per week. Gates 
Williams, the production manager for Computer Flips, wants to find the production rate per week for 
each type of computer that will maximize total profit. 

 

3.1.1 Problem Formulation 
 

Gates Williams writes the complete linear programming formulation for this problem. He begins 
with the definition of the decision variables, then he writes the objective function, and finally he lists 
the constraints. 

 
Decision Variables 
 Let:    x1 = the weekly production rate of Simplex computers 
                   x2 = the weekly production rate of Omniplex computers 

z = the amount of profit Computer Flips earns per week 
 
Objective Function 
 Maximize:   z = 200x1 + 300x2 
 
Subject to: 

Constraints 
Installation Time:   60x1 + 120x2 ≤ 2400 
Simplex Market:  x1 ≤ 20 
Omniplex Market:  x2 ≤ 16 

  Non-Negativity:   x1 ≥ 0 and x2 ≥ 0 
 

Q1. Using Excel Solver, find the optimal solution to the Computer Flips problem. 
a. How many Simplex and Omniplex computers should be produced per week? 
b. How much profit will Computer Flips earn per week? 
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Next, the Constraint cells tell Gates Williams how the objective function value changes. 
Specifically, Constraint cells give the objective function value based upon an increase or decrease of 
the right hand side (RHS) of a constraint. These changes only apply to one RHS constraint at a time 
(all other RHS constraints must remain the same). 
 
Gates Williams feels that he only has control over how profitable each computer is. That is, he 
cannot change any of the constraints, but he could consider increasing the price of a computer. 
Therefore, he decides to only explore the Variable Cells in the Sensitivity Report. 
 
Variable Cells 
The information in the Variable Cells section of the Sensitivity Report tells how sensitive the 
optimal solution is to changes in the objective function coefficients of the decision variables. Solver 
considers changes made to one coefficient at a time. In particular, Allowable Increase refers to how 
much the objective coefficient can be increased without changing the final values. Similarly, 
Allowable Decrease tells how much the objective coefficient can be decreased without changing the 
final values. 
 
For now, Gates Williams only concerns himself with the Allowable Increase column of the Variable 
Cells section. He considers the coefficient of x2, which is the amount of profit generated by the sale 
of one Omniplex computer. Currently, that profit is $300 per computer. He sees that the Allowable 
Increase for the coefficient of x2 is $100. 
 
Gates Williams is curious about the effect of increasing the profit per Omniplex computer. He 
considers increasing the profit by a value below the Allowable Increase, above the Allowable 
Increase, and exactly at the Allowable Increase. Thus, he explores the effect of increasing the profit 
by $50 (below the Allowable Increase), $200 (above the Allowable Increase), and $100 (exactly the 
Allowable Increase). The corresponding new objective function coefficients of x2 are $350, $500, 
and $400, respectively. These changes affect only the objective function in the formulation of the 
problem. All of the constraints remain the same.  
 
Q7. Write the new objective functions for each of these three changes. 

 
First, Gates Williams considers increasing the profit of Omniplex computers so that the profitability 
is now $350. However, he notices that this increase in profitability, $50, is less than the Allowable 
Increase. 

 
Q8. In your Excel worksheet, change the objective function coefficient for Omniplex computers 

to $350. Solve the problem again. 
a. What changes to do you observe from the original problem?  
b. Do you think Gates Williams should try to increase the profitability of the Omniplex 

computer by $50? Why or why not? 
 

Next, Gates Williams looks at the effect of increasing the profitability of Omniplex by more than the 
Allowable Increase. He increases the profitability by $200.  
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Q9. In your Excel worksheet, change the objective function coefficient for Omniplex computers 
to $500. Solve the problem again. 
a. What changes to do you observe from the original problem?  
b. Do you think Gates Williams should try to increase the profitability of the Omniplex 

computer by $200? Why or why not? 
 

At this point, Gates Williams has looked at increasing the profitability of Omniplex by $50, which is 
less than the Allowable Increase, and by $200, which is more than the Allowable Increase. He 
wonders what would happen if the profitability of Omniplex increases by exactly $100, which is the 
Allowable Increase.  

 
Q10. In your Excel worksheet, change the objective function coefficient for Omniplex computers 

to $400. Solve the problem again. 
a. What changes to do you observe from the original problem?  
b. Did your classmates obtain the same optimal solution as you? 
c. Do you think Gates Williams should try to increase the profitability of the Omniplex 

computer by $100? Why or why not? 
 
In order to gain a better understanding of the three examples explored above, Gates Williams 
considers the geometry of the situation.  
 
Q11. Draw a graph of the feasible region for the original problem, including the original line of 

constant profit (z = 200x1 + 300x2) passing through the optimal corner point (refer to Section 
2.1). 

 
Q12. Draw another graph of the feasible region for the original problem. 

a. Draw the line of constant profit when the profitability of the Omniplex computer has 
increased by $50 to $350. Which corner point maximizes profit in this situation? 

b. Draw the line of constant profit when the profitability of the Omniplex computer has 
increased by $200 to $500. Which corner point maximizes profit in this situation? 

c. Draw the line of constant profit when the profitability of the Omniplex computer has 
increased by $100 to $400. Which corner point maximizes profit in this situation? 
How is this situation different from the previous two? 

 
Q13. Consider the case where the profit margin on Omniplex is increased to $400. 

a. What is the profit if 8 Simplex and 16 Omniplex computers are produced? 
b. What is the profit if 20 Simplex and 10 Omniplex computers are produced? 
c. Are there are other feasible points that produce this profit? If so, where are they? If 

not, why not? 
 

Q14. Based on what you saw in this section, describe what you think would happen if you 
considered the Allowable Decrease instead. 
a. How do you think the final values would change if Gates Williams decreased the 

profitability of Omniplex computers by $200? 
b. How do you think the final values would change if Gates Williams decreased the 

profitability of Omniplex computers by $400? 
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c. How do you think the final values would change if Gates Williams decreased the 
profitability of Omniplex computers by $300? 

d. Put these changes into Excel to see if your predictions were correct. 
 

Finally, Gates Williams notices that the Sensitivity Report shows an Allowable Increase of 1E+30 in 
the coefficient of x1 in the objective function. The number 1E+30 is Solver’s way of conveying the 
expression 1 · 1030. This very large number is the best Solver can do to indicate an infinite Allowable 
Increase.  
 
To understand why the Allowable Increase is infinite, Gates Williams first needs to think about what 
the coefficient of x1 in the objective function represents. It is the profit margin on Simplex computers. 
Solver is showing that no matter how much the profitability of Simplex computers increases, it will 
not change the optimal solution. In other words, increasing the profit margin on Simplex computers is 
not going to change the optimal number to make. This makes sense because the optimal solution 
shows that to maximize profits, 20 Simplex (and 10 Omniplex) computers should be made. Twenty is 
the most that can be made and still satisfy the market limit on weekly sales of Simplex computers. 
Increasing the profit margin of Simplex computers will not change the fact that no more than 20 per 
week can be sold, and they’re already making 20 each week. 

 
In this section, we have explored the effects on the optimal solution of increasing or decreasing the 
profitability of one of the computer models. In reality, the situation is much more complicated. For 
example, if Computer Flips increased the price of an Omniplex computer by $100-$200 to make it 
more profitable, doing so might affect the Omniplex market constraint. The increased price might 
lower the market constraint. So, in practice, a company would try to explore all of the ramifications of 
making changes in the important parameters of the problem. 
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Section 3.2: SK8MAN, Inc. 
 
Recall from Chapter 2 that SK8MAN, Inc. manufactures skateboards. G.F. Hurley, the production 
manager at SK8MAN, Inc., needed to determine the production rate for each type of skateboard in 
order to make the most profit. Table 3.2.1 contains the relevant data from Chapter 2. 

 
 Sporty Fancy Pool Runner Amount Available
Profit per skateboard $15 $35 $20  
Shaping time required 5 15 4 2,400 minutes 
Truck availability 2 2 2 700 trucks 
North American maple veneers required 0 7 0 840 veneers 
Chinese maple veneers required 7 0 7 1,470 veneers 

Table 3.2.1: SK8MAN, Inc. data 
 

3.2.1 Problem Formulation 
 
In Chapter 2, the following problem formulation was developed: 
 
Decision Variables 
 Let:    x1 = the weekly production rate of Sporty boards 

x2 = the weekly production rate of Fancy boards  
x3 = the weekly production rate of Pool Runners boards  
z = the amount of profit SK8MAN earns per week 

 
Objective Function 
 Maximize:   z = 15x1 + 35x2 + 20x3 
 
Subject to: 

Constraints 
Shaping Time:    5x1 + 15x2 + 4x3 ≤ 2,400 
Trucks:    2x1 + 2x2 + 2x3 ≤ 700 
North American Maple:  7x2 ≤ 840 
Chinese Maple:   7x1 + 7x3 ≤ 1,470 

 Non-Negativity:   x1 ≥ 0, x2 ≥ 0, and x3 ≥ 0 
 

3.2.2 Solver Answer Report 
 
A spreadsheet formulation of the problem and an Answer Report showing the optimal solution appear 
in Figures 3.2.1 and 3.2.2.  
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during the Solver Parameters set-up) that meets all of the constraints. The maximum total profit 
Solver reports under the column Final Value is $7,840.00. The Original Value of $0.00 simply refers 
to the amount that was in the cell before Solver was run. 
 
The second section is labeled Variable Cells and refers to the decision variables, x1, x2, and x3. These 
are adjusted as Solver searches for the optimal solution. The Final Values of 0, 104, and 210, 
respectively, are the optimal solution. That is, the optimal solution is x1 = 0, x2 = 104, and x3 = 210. 
 
The third section of the Answer Report is labeled Constraints. The four constraints are all less than 
or equal to (≤) constraints. The left hand side value of each constraint represents the total amount 
used by the production plan. These totals are stored in cells E11, E12, E13, and E14 and are reported 
in the column labeled “Cell Value.” The right hand side values for each of the three constraints are 
stored in column G in cells G11, G12, G13, and G14. 
 
G.F. Hurley notices that of the four constraints, two of them are binding and two are not binding. 
But, he wonders what this means. 
 
He notices that for the two binding constraints, there is a 0 in the column labeled Slack. He looks 
back to the Solver solution in Figure 3.2.1 and notices that for each of the two binding constraints, 
the left hand side of the constraint is equal to the right hand side.  

 
For example, the workers at SK8MAN will use 5(0) + 15(104) + 4(210) = 2400 minutes for shaping 
(cell E11). They have 2400 minutes available for shaping (cell G11). In addition, they will use 7(0) + 
7(210) = 1470 Chinese maple veneers (cell E14). They have 1470 Chinese maple veneers available 
(cell G14). 
 
In other words, there is no slack because every bit of each of those resources is being used up by the 
optimal solution.  
 
However, for the non-binding constraints in the Answer Report, the Slack values are not zero. They 
are listed as 72 and 112. Again returning to the Solver solution in Figure 3.1.1, G.F. Hurley notices 
that the left hand side of the truck availability constraint is 628, and the right hand side is 700. This 
time the two sides of the constraint are not equal because the optimal solution does not use up all 
available trucks. There is a Slack of 700 – 628 = 72. That means that SK8MAN could use 72 more 
trucks. They will not do that, though, because in order to use these extra trucks, they would have to 
make more skateboards, which is impossible due to the shaping time and the Chinese maple veneers 
constraints.  
 
Similarly, G.F. Hurley notices that the left hand side of the North American maple veneers constraint 
is 728 and the right hand side is 840. Thus, they have an extra 840 – 728 = 112 North American 
maple veneers available. 
 

3.2.3 Solver Sensitivity Report 
 
Figure 3.2.3 contains the Sensitivity Report for the problem. Use it to answer the questions that 
follow. 
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G.F. Hurley notices that when the profitability of Fancy boards increases by exactly $40 (to $75), the 
optimal solution reported by Solver is to produce 0 Sporty boards, 120 Fancy boards, and 150 Pool-
Runner boards. This solution is the same as when the profitability of Fancy boards was $80. The total 
profit is now $12,000: 

15(0) + 75(120) + 20(150) = $12,000. 
 
However, he also notices that if the profitability of Fancy boards goes up to $75, the amount of 
weekly profit generated by the original optimal solution (0 Sporty boards, 104 Fancy boards, and 210 
Pool-Runner boards) is also $12,000: 

15(0) + 75(104) + 20(210) = $12,000. 
 
Both production plans lie on the same plane: z = 15x1 + 75x2 + 20x3. In fact, any point that lies on this 
plane and is within the feasible region is an optimal solution. Therefore, there are infinitely many 
optimal solutions when the profitability of Fancy boards is $75 (i.e., when the coefficient of x2 is 
increased exactly by the amount of the Allowable Increase).  
 
Note: This idea was explored graphically in the previous section, where the objective function was a 
line, rather than a plane. Visualizing the SK8MAN problem graphically is much more difficult 
because it has 3 decision variables. 
 
Finally, G.F. Hurley notices that the Sensitivity Report in Figure 3.2.3 shows an Allowable Increase 
of 1E+30 in the coefficient of x3 in the objective function. The number 1E+30 is Solver’s way of 
expressing the number 11030. This very large number is the best Solver can do to indicate an infinite 
Allowable Increase.  
 
To understand why the Allowable Increase is infinite, G.F. Hurley first needs to think about what the 
coefficient of x3 in the objective function represents. It is the profitability of Pool-Runner boards. 
Solver is showing that no matter how much the profitability of Pool-Runner boards increases, it will 
not change the optimal solution. In other words, increasing the profitability of Pool-Runner boards is 
not going to change the optimal number to make.  
 
This makes sense because the optimal solution shows that to maximize profits, 210 Pool-Runner 
boards (as well as 0 Sporty boards and 104 Fancy boards) should be made. Making 210 Pool-Runner 
boards per week consumes 1470 Chinese maple veneers, which is exactly the number available per 
week. Therefore, no more than 210 Pool-Runner boards can be made per week, no matter how much 
their profitability increases. SK8MAN is already making all of the Pool-Runners that it possibly can! 

 
Variable Cells: Allowable Decrease 
Next, G.F. Hurley returns to the original problem and considers decreasing one of the coefficients in 
the objective function. Referring again to Figure 3.2.3, he notices the Sensitivity Report indicates an 
Allowable Decrease of approximately 7.33 for the coefficient of x3 in the objective function.  
 
He considers decreasing the coefficient of x3 by 5 (a value smaller than the Allowable Decrease), 15 
(a value greater than the Allowable Decrease) and 7.33 (the Allowable Increase). The corresponding 
new profit coefficients for each case are 15, 5, and 12.67, respectively.  
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210 Pool-Runner boards (x3) will still be produced, but only 40 Fancy boards will be produced. So, in 
order to produce 80 EasyRider boards, 64 fewer Fancy boards would have to be made.  
 
G.F. Hurley wonders why this is more profitable to produce 64 fewer Fancy boards while producing 
80 more EasyRider boards. He considers the profit margins on each of the boards. Making 64 fewer 
Fancy boards would decrease the total profit by (64)($35) = $2,240. At the same time, making 80 
EasyRider boards that were not being made before would increase the total profit by (80)($30) = 
$2,400. Thus, the total profit is being increased by $2,400 – $2,240 = $160 per week. 
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Appendix B: Teacher Logs 

Chapter 2: Finding Optimal Solutions—Linear Programming (Maximization) 
Section 2.0.1: An Introductory Problem 
 
The purpose of this teacher log is to gather information about your use of the MINDSET Lego 
Problem. Parts of teachers’ plans and expectations for lessons often occur as anticipated, but 
lessons sometimes change during instruction for a variety of reasons. Please answer the 
following questions about what took place during your implementation of the Lego problem 
in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 

2 
About how many class periods did it take to complete the Lego 
problem? 

Neutral 

3a 
During the Lego problem, approximately what percentage of 
time was spent working: 
Individually? 

Neutral 

3b 
During the Lego problem, approximately what percentage of 
time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Lego problem, approximately what percentage of 
time was spent working: 
As a whole class? 

Neutral 

Solving the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c I used the Lego problem to introduce linear programming. Supports PSL 

4d 
I showed students how to construct a table and a chair using 
Legos. 

Neutral 

4e 
I gave the students a worksheet that described the problem 
context. 

Neutral 

4f 
Students predicted what the production rates should be before 
completing the Lego problem. 

Supports PSL 

4g 
Modeling the problem (Select all that apply): 
Students modeled the problem using Legos to build a physical 
model of the problem. 

Supports PSL if 
either one is 
checked 

4h 
Modeling the problem (Select all that apply): 
Students modeled the problem by drawing pictures. 

4i 
Modeling the problem (Select all that apply): 
Students solved this problem without using any type of model. 

Goes against PSL 

4j 
Students completed Table 2.0.1, listing possible production rates 
and profits. 

Supports MSL 
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4k 
Linear programming formulation (Select all that apply): 
Students developed the linear programming formulation for this 
problem. Goes against MSL 

for either 
4l 

Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this problem 
and gave it to my students. 

4m 

Solving the problem (Select all that apply): 
Students solved this problem by graphing constraints, finding the 
corners points, and evaluating the corner points in the objective 
function. 

Goes against MSL 

4n 
Solving the problem (Select all that apply): 
Students solved the problem using Excel Solver. 

Goes against MSL 

4o 
Solving the problem (Select all that apply): 
Students solved this problem without using any linear 
programming. 

Supports MSL 

5a 
Interpretation (Select all that apply): 
Students re-solved the problem with seven large pieces available 
instead of six. 

Supports MSL 

5b 
Interpretation (Select all that apply): 
Students re-solved the problem with nine small pieces available 
instead of eight. 

Supports MSL 

5c 
Interpretation (Select all that apply): 
Students re-solved the problem with 27 small and 18 large 
pieces. 

Supports MSL 

5d 
Interpretation (Select all that apply): 
Students re-solved the problem including the production of 
coffee tables. 

Supports MSL 

Vocabulary (Select all that apply) 

6a 
Defining “production rate” (Select all that apply): 
I told students a formal definition of production rate. 

Supports MSL for 
any 

6b 
Defining “production rate” (Select all that apply): 
I told students an informal definition of production rate. 

6c 
Defining “production rate” (Select all that apply): 
Students read the definition of production rate in the text or on a 
hand-out. 

6d 
Defining “production rate” (Select all that apply): 
Students developed their own definition of production rate using 
clues from me and from the problem. 

6e 
Defining “product mix” (Select all that apply): 
I told students a formal definition of product mix. 

Supports MSL for 
any 

6f 
Defining “product mix” (Select all that apply): 
I told students an informal definition of product mix. 

6g 
Defining “product mix” (Select all that apply): 
Students read the definition of product mix in the text or on a 
hand-out. 

6h Defining “product mix” (Select all that apply): 
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Students developed their own definition of product mix using 
clues from me and from the problem. 

6i 
Defining “objective function” (Select all that apply): 
I told students a formal definition of objective function. 

Supports MSL for 
any 

6j 
Defining “objective function” (Select all that apply): 
I told students an informal definition of objective function. 

6k 
Defining “objective function” (Select all that apply): 
Students read the definition of objective function in the text or 
on a hand-out. 

6l 
Defining “objective function” (Select all that apply): 
Students developed their own definition of objective function 
using clues from me and from the problem. 

6m 
Defining “decision variables” (Select all that apply): 
I told students a formal definition of decision variables. 

Supports MSL for 
any 

6n 
Defining “decision variables” (Select all that apply): 
I told students an informal definition of decision variables. 

6o 
Defining “decision variables” (Select all that apply): 
Students read the definition of decision variables in the text or 
on a hand-out. 

6p 
Defining “decision variables” (Select all that apply): 
Students developed their own definition of decision variables 
using clues from me and from the problem. 

6q 
Defining “optimal solution” (Select all that apply): 
I told students a formal definition of optimal solution. 

Supports MSL for 
any 

6r 
Defining “optimal solution” (Select all that apply): 
I told students an informal definition of optimal solution. 

6s 
Defining “optimal solution” (Select all that apply): 
Students read the definition of optimal solution in the text or on 
a hand-out. 

6t 
Defining “optimal solution” (Select all that apply): 
Students developed their own definition of optimal solution 
using clues from me and from the problem. 

6u 
Defining “feasible solution” (Select all that apply): 
I told students a formal definition of feasible solution. 

Supports MSL for 
any 

6v 
Defining “feasible solution” (Select all that apply): 
I told students an informal definition of feasible solution. 

6w 
Defining “feasible solution” (Select all that apply): 
Students read the definition of feasible solution in the text or on 
a hand-out. 

6x 
Defining “feasible solution” (Select all that apply): 
Students developed their own definition of feasible solution 
using clues from me and from the problem. 

6y 
Defining “infeasible solution” (Select all that apply): 
I told students a formal definition of infeasible solution. Supports MSL for 

any 
6z 

Defining “infeasible solution” (Select all that apply): 
I told students an informal definition of infeasible solution. 
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6aa 
Defining “infeasible solution” (Select all that apply): 
Students read the definition of infeasible solution in the text or 
on a hand-out. 

6bb 
Defining “infeasible solution” (Select all that apply): 
Students developed their own definition of infeasible solution 
using clues from me and from the problem. 

6cc 
Defining “sensitivity analysis” (Select all that apply): 
I told students a formal definition of sensitivity analysis. 

Supports MSL for 
any 

6dd 
Defining “sensitivity analysis” (Select all that apply): 
I told students an informal definition of sensitivity analysis. 

6ee 
Defining “sensitivity analysis” (Select all that apply): 
Students read the definition of sensitivity analysis in the text or 
on a hand-out. 

6ff 
Defining “sensitivity analysis” (Select all that apply): 
Students developed their own definition of sensitivity analysis 
using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

7a 
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-15 (but did not 
explicitly ask these questions). 

Supports MSL for 
at least 7 questions 
in a, b, or c;  
Goes against PSL 
for at least 7 
questions in a, b, or 
c 

7b 
I explicitly asked the whole class the following questions out of 
in-text questions #1-15. 

7c 
Students read the following questions out of in-text questions 
#1-15 out loud or individually. 

7d 
Students completed the following questions out of in-text 
questions #1-15 individually, in pairs, or in small groups. 

Supports PSL for at 
least 7 questions 

7e 
Students provided the class with answers to the following 
questions out of in-text questions #1-15. 

Supports PSL for at 
least 7 questions 

7f 
I gave students the answers to the following questions out of in-
text questions #1-15 in front of the class. 

Goes against PSL 
unless d or e also 
has 7 questions, 
then Neutral 

8a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

8b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before teaching 
the lesson. 

Neutral 

8c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after teaching 
the lesson. 

Neutral 

8d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after teaching 
the lesson. 

Neutral 

8e Objective of the Problem (Select all that apply) Neutral 
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Students created the objective(s) for this lesson. 

9 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

9a 

If students read the problem (fill in the percentages; these do not 
need to add to 100%): 
The percentage of the Lego problem that students read 
themselves (out loud or individually) 

Supports PSL if 
25% or above 

9b 

If students read the problem (fill in the percentages; these do not 
need to add to 100%): 
The percentage of the Lego problem that I read out loud to the 
students 

Goes against PSL 
if 25% or above 

10a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Lego problem. 

Goes against MSL 

10b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Lego problem. 

Goes against MSL 

10c 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

11 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

11a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL for 
any 

11b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this problem 

Neutral  

12a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Lego portion to this chapter. 

Neutral 

12b 
Other Activities 
Some of the activities above were adapted based on the needs of 
the class. 

Neutral 

 
If you indicated you did something in the Lego problem not 
listed in the previous statements, please describe what you did.  

 
 
Chapter 2: Finding Optimal Solutions—Linear Programming (Maximization) 
Section 2.1: Computer Flips, a Junior Achievement Company 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Computer Flips problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Computer Flips problem in your classroom. 
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Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 

2 
About how many class periods did it take to complete the 
Computer Flips problem? 

Neutral 

3a 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

2.1.1 Exploring the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students were introduced to the context of the problem 
through (Select all that apply): 
a class discussion on Junior Achievement. Supports PSL for 

either 
4d 

Students were introduced to the context of the problem 
through (Select all that apply): 
reading the book or a hand-out. 

4e 
Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about Simplex and 
Omniplex computers. 

Neutral 

4f 
Creating a table to organize the data (Select all that apply): 
Students created a table to organize the data about Simplex 
and Omniplex computers. 

Neutral 

4g Students discussed the feasibility of various production rates. Supports PSL 

4h 
Students did research to determine how long installation time 
typically takes when upgrading computers. 

Goes against PSL 

4i 
Students did research to determine the types of add-ons 
people may use when upgrading computers. 

Goes against PSL 

4j 
After doing research, students calculated the profit for each 
type of add-on available. 

Goes against MSL 

2.1.2 Generalizing the Problem (Select all that apply) 

5a 

I told students to let (Select all that apply): 
x1 represent the weekly production rate of Simplex computers 
and x2 represent the weekly production rate of Omniplex 
computers. 

Supports MSL 

5b 
I told students to let (Select all that apply): 
x1 represent Simplex computers and x2 represent Omniplex 

Goes against MSL 
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computers. 

5c 

I told students to let (Select all that apply): 
x represent the weekly production rate of Simplex computers 
and y represent the weekly production rate of Omniplex 
computers. 

Goes against MSL 

5d 
I told students to let (Select all that apply): 
x represent Simplex computers and y represent Omniplex 
computers. 

Goes against MSL 

5e 
I told students to let (Select all that apply): 
I used variables other than the ones listed here in this 
problem. 

Goes against MSL 

5f 
Linear programming formulation (Select all that apply): 
Students developed the linear programming formulation for 
this problem. 

Supports MSL for f or 
g 

5g 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to my students. 

Goes against PSL 
unless f is also 
checked 

2.1.3 A Visual Approach (Select all that apply) 

6a 
Graphing the feasible region (Select all that apply): 
Students graphed the feasible region for this problem. 

Supports MSL for a or 
b 

6b 
Graphing the feasible region (Select all that apply): 
I graphed the feasible region for this problem and gave it to 
my students. 

Goes against PSL 
unless a is also 
checked 

6c 
Graphing lines of constant profit (Select all that apply): 
Students graphed several lines of constant profit on the 
feasible region. 

Supports MSL for c or 
d 

6d 
Graphing lines of constant profit (Select all that apply): 
I graphed several lines of constant profit on the feasible 
region and showed it to my students. 

Goes against PSL 
unless c is also 
checked 

6e 
I led a class discussion on why the lines of constant profit are 
parallel. 

Supports MSL 

6f 
I led a class discussion on which point in the feasible region 
would yield the optimal solution. 

Supports MSL 

2.1.4 Solving the Problem (Select all that apply) 

7a 
I demonstrated the line of constant profit moving towards a 
corner point as the profit increases using a straight-edge on a 
graph. 

Neutral 

7b 

Mathematical arguments for why a corner point will yield the 
optimal solution (Select all that apply) 
The students made a mathematical argument as to why a 
corner point will yield the optimal solution. Goes against MSL for 

either 

7c 

Mathematical arguments for why a corner point will yield the 
optimal solution (Select all that apply) 
I made a mathematical argument as to why a corner point will 
yield the optimal solution. 

7d Solving the problem (Select all that apply): Goes against PSL, 
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I showed students how to solve this problem by graphing 
constraints, finding the corners points, and evaluating the 
corner points in the objective function. 

unless e is also 
checked, then Neutral 

7e 

Solving the problem (Select all that apply): 
Students (individually or in small groups) solved this problem 
by graphing constraints, finding the corners points, and 
evaluating the corner points in the objective function. 

Supports PSL 

7f 
Solving the problem (Select all that apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL 

7g 
Solving the problem (Select all that apply): 
Students solved this problem using Excel Solver. 

Goes against MSL 

7h Students discussed the solution in context of the problem. Supports MSL 

7i 
Students tried to calculate the number of hours each JA 
student worked on each type of computer. 

Goes against MSL 

2.1.5 Complicating the Problem (Select all that apply) 

8a 

Solving the problem with the Simplex marketability 
constraint (Select all that apply): 
I showed students how to solve this more complicated 
problem by graphing constraints, finding the corners points, 
and evaluating the corner points in the objective function. 

Goes against PSL, 
unless b is also 
checked, then Neutral 

8b 

Solving the problem with the Simplex marketability 
constraint (Select all that apply): 
Students (individually or in groups) solved this more 
complicated problem by graphing constraints, finding the 
corners points, and evaluating the corner points in the 
objective function. 

Supports PSL 

8c 

Solving the problem with the Simplex marketability 
constraint (Select all that apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL 

8d 
Solving the problem with the Simplex marketability 
constraint (Select all that apply): 
Students solved this problem using Excel Solver. 

Goes against MSL 

8e 
Students discussed the new solution in context of the 
problem. 

Supports MSL 

8f 
Students used the Internet to research the marketability of 
different computers on the market. 

Goes against PSL 

8g 

Solving the problem with the Simplex and the Omniplex 
marketability constraints (Select all that apply) 
I showed students how to solve this more complicated 
problem by graphing constraints, finding the corners points, 
and evaluating the corner points in the objective function. 

Goes against PSL, 
unless h is also 
checked, then Neutral 

8h 
Solving the problem with the Simplex and the Omniplex 
marketability constraints (Select all that apply) 
Students (individually or in groups) solved this more 

Supports PSL 
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complicated problem by graphing constraints, finding the 
corners points, and evaluating the corner points in the 
objective function. 

8i 

Solving the problem with the Simplex and the Omniplex 
marketability constraints (Select all that apply) 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL 

8j 
Solving the problem with the Simplex and the Omniplex 
marketability constraints (Select all that apply) 
Students solved this problem using Excel Solver. 

Goes against MSL 

8k 
Students discussed the new solution in context of the 
problem. 

Supports MSL 

8l 

Solving the problem with the Simplex and the Omniplex 
marketability constraints as well as the testing time constraint 
(Select all that apply): 
I showed students how to solve this more complicated 
problem by graphing constraints, finding the corners points, 
and evaluating the corner points in the objective function. 

Goes against PSL, 
unless m is also 
checked, then Neutral 

8m 

Solving the problem with the Simplex and the Omniplex 
marketability constraints as well as the testing time constraint 
(Select all that apply): 
Students (individually or in groups) solved this more 
complicated problem by graphing constraints, finding the 
corners points, and evaluating the corner points in the 
objective function. 

Supports PSL 

8n 

Solving the problem with the Simplex and the Omniplex 
marketability constraints as well as the testing time constraint 
(Select all that apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL 

8o 

Solving the problem with the Simplex and the Omniplex 
marketability constraints as well as the testing time constraint 
(Select all that apply): 
Students solved this problem using Excel Solver. 

Goes against MSL 

8p 
Students discussed the new solution in context of the 
problem. 

Supports MSL 

8q 
Students did research to determine how long installation time 
typically takes when upgrading computers. 

Goes against PSL 

8r 
I led a class discussion on the feasibility of non-integer 
solutions in this problem. 

Supports MSL 

8s 
I told the class to round non-integer solutions to the nearest 
integer. 

Goes against MSL 

 
2.1.6 Success Breeds An Even More Complicated Problem 
(Select all that apply)  

9a Students tried to solve this problem by graphing. Neutral 
9b Linear programming formulation (Select all that apply): Supports MSL for b or 
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Students developed the linear programming formulation for 
this more complicated problem. 

c 

9c 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this more 
complicated problem and gave it to my students. 

Goes against PSL 
unless b is also 
checked 

9d 

Solving this even more complicated problem (Select all that 
apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL 

9e 
Solving this even more complicated problem (Select all that 
apply): 
Students solved this problem using Excel Solver. 

Goes against MSL 

Vocabulary (Select all that apply) 

10a 
Defining “linear programming” (Select all that apply): 
I told students a formal definition of linear programming. 

Supports MSL for any 

10b 
Defining “linear programming” (Select all that apply): 
I told students an informal definition of linear programming. 

10c 
Defining “linear programming” (Select all that apply): 
Students read the definition of linear programming in the text 
or on a hand-out. 

10d 
Defining “linear programming” (Select all that apply): 
Students developed their own definition of linear 
programming using clues from me and from the problem. 

10e 
Defining “constraints” (Select all that apply): 
I told students a formal definition of constraints. 

Supports MSL for any 

10f 
Defining “constraints” (Select all that apply): 
I told students an informal definition of constraints. 

10g 
Defining “constraints” (Select all that apply): 
Students read the definition of constraints in the text or on a 
hand-out. 

10h 
Defining “constraints” (Select all that apply): 
Students developed their own definition of constraints using 
clues from me and from the problem. 

10i 
Defining “non-negativity constraints” (Select all that apply): 
I told students a formal definition of non-negativity 
constraints. 

Supports MSL for any 

10j 
Defining “non-negativity constraints” (Select all that apply): 
I told students an informal definition of non-negativity 
constraints. 

10k 
Defining “non-negativity constraints” (Select all that apply): 
Students read the definition of non-negativity constraints in 
the text or on a hand-out. 

10l 
Defining “non-negativity constraints” (Select all that apply): 
Students developed their own definition of non-negativity 
constraints using clues from me and from the problem. 

10m Defining “line of constant profit” (Select all that apply): Supports MSL for any 
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I told students a formal definition of line of constant profit. 

10n 
Defining “line of constant profit” (Select all that apply): 
I told students an informal definition of line of constant profit.

10o 
Defining “line of constant profit” (Select all that apply): 
Students read the definition of line of constant profit in the 
text or on a hand-out. 

10p 
Defining “line of constant profit” (Select all that apply): 
Students developed their own definition of line of constant 
profit using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

11a 

Asking in-text questions #1-42 
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-42 (but did not 
explicitly ask these questions). 

Supports MSL for at 
least 21 questions in a, 
b, or c;  
Goes against PSL for 
at least 21 

11b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-42  

11c 
Students read the following questions out of in-text questions 
#1-42 out loud or individually:  

11d 
Answering in-text questions #1-42   
Students completed the following questions out of in-text 
questions #1-42 individually, in pairs, or in small groups 

Supports PSL for at 
least 21 

11e 
Students provided the class with answers to the following 
questions out of in-text questions #1-42 

Supports PSL for at 
least 21 

11f 
I provided students the answers to the following questions out 
of in-text questions #1-42 

Goes against PSL for 
at least 21 in f; unless 
d or e is at least 21, 
then Neutral 

12a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

12b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

12c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

12d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

12e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

13 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

13a If students read the problem (fill in the percentages; these do Supports PSL if 25% 
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not need to add to 100%): 
The percentage of the Computer Flips problem that students 
read themselves (out loud or individually) 

or above 

13b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Computer Flips problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

14a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Computer Flips problem. 

Goes against MSL 

14b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Computer Flips problem. 

Goes against MSL 

14c 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

15 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

15a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

15b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem. 

Neutral  

16a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Computer Flips portion to this chapter. 

Neutral 

16b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Computer Flips 
problem not listed in the previous statements, please describe 
what you did. 

 

 
 
Chapter 2: Finding Optimal Solutions—Linear Programming (Maximization) 
Section 2.2: SK8MAN, Inc. 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
SK8MAN problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
SK8MAN problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 
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2 
About how many class periods did it take to complete the 
SK8MAN problem? 

Neutral 

3a 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Exploring the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students were introduced to the context of the problem 
through (Select all that apply): 
a class discussion on how to make a skateboard. 

Supports PSL for any 
  
  

4d 
Students were introduced to the context of the problem 
through (Select all that apply): 
a video on how to make a skateboard. 

4e 
Students were introduced to the context of the problem 
through (Select all that apply): 
reading the book or a hand-out. 

4f 
Creating a table to organize the data (Select all that apply): 
Students created a table to organize the data about Sporty and 
Fancy skateboards. 

Supports MSL for f or 
g; Supports PSL for f 
or g 
  4g 

Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about Sporty and Fancy 
skateboards and gave it to the students. 

4g 
Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about Sporty and Fancy 
skateboards and gave it to the students. 

Goes against PSL 
unless f is also 
checked 

4h 
Students researched the steps involved with making a 
skateboard. 

Goes against PSL 

4i 
After doing research, students calculated how long it would 
take to build a skateboard. 

Goes against MSL 

4j Students discussed the feasibility of various production rates. Neutral 
2.2.1 Problem Formulation (Select all that apply) 

5a 
I told students to let (Select all that apply): 
x1 be the weekly production rate of Sporty boards and x2 be 
the weekly production rate of Fancy boards. 

Supports MSL 

5b 
I told students to let (Select all that apply): 
x1 be Sporty boards and x2 be Fancy boards. 

Goes against MSL 

5c I told students to let (Select all that apply): Goes against MSL 
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x be the weekly production rate of Sporty boards and y be the 
weekly production rate of Fancy boards. 

5d 
I told students to let (Select all that apply):  
x be Sporty boards and y be Fancy boards. 

Goes against MSL 

5e 
I told students to let (Select all that apply): 
I used variables other than the ones listed here in this 
problem. 

Goes against MSL 

5f 
Linear programming formulation (Select all that apply): 
The students developed the LP formulation on their own. 

Supports MSL for f, g, 
or h; Supports PSL for 
f or g 
  

5g 
Linear programming formulation (Select all that apply): 
The students read the LP formulation in the text. 

5h 
Linear programming formulation (Select all that apply): 
I developed the LP formulation in front of the class. 

Goes against PSL 
unless f or g is also 
checked 

5i 
I led a discussion on the importance of non-negativity 
constraints. 

Supports MSL 

5j 
Graphing the feasible region (Select all that apply): 
The students graphed the feasible region on their own. Supports MSL for j, k, 

or l; Supports PSL for 
j or k 
  

5k 
Graphing the feasible region (Select all that apply): 
The students looked at the graph of the feasible region in the 
text. 

5l 
Graphing the feasible region (Select all that apply): 
I graphed the feasible region in front of the class. 

Goes against PSL 
unless j or k is also 
checked 

5m 
Calculating corner points (Select all that apply): 
I calculated the corner points by finding the intersection 
points of the constraints’ boundary lines in front of the class. 

Neutral 

5n 

Calculating corner points (Select all that apply): 
Students calculated the corner points by finding the 
intersection points of the constraints’ boundary lines on their 
own. 

Neutral 

5o 
Calculating corner points (Select all that apply): 
Students calculated all intersection points, regardless of 
whether they were in the feasible region. 

Neutral 

5p 
The Corner Point Principle (Select all that apply): 
I explained the Corner Point Principle to students formally. 

Supports MSL for p, 
q, or r 
  
  

5q 
The Corner Point Principle (Select all that apply): 
I explained the Corner Point Principle to students informally. 

5r 
The Corner Point Principle (Select all that apply): 
The students read the Corner Point Principle in the text or on 
a hand-out. 

5s 
Proving the Corner Point Principle (Select all that apply): 
The students developed a mathematical proof of the Corner 
Point Principle. 

Goes against MSL for 
s or t 
  

5t 
Proving the Corner Point Principle (Select all that apply): 
I developed a mathematical proof of the Corner Point 
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Principle for the students. 

5u 

Solving the problem using the Corner Point Principle (Select 
all that apply): 
The students tested each corner point of the feasible region 
into the objective function to determine the optimal solution. 

Supports MSL for u, 
v, or w; Supports PSL 
for u or v 
  

5v 
Solving the problem using the Corner Point Principle (Select 
all that apply): 
The students found the optimal solution by reading the text. 

5w 

Solving the problem using the Corner Point Principle (Select 
all that apply): 
I showed students how to test each corner point of the feasible 
region into the objective function to determine the optimal 
solution. 

Goes against PSL 
unless u or v is also 
checked 

5x 

Solving the problem using Excel Solver (Select all that 
apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against MSL for 
x or y 
  

5y 
Solving the problem using Excel Solver (Select all that 
apply): 
Students solved this problem using Excel Solver 

5z 
Students analyzed and interpreted the solution in context of 
the problem. 

Supports MSL 

2.2.2 Adding a New Constraint (Select all that apply) 

6a 
New linear programming formulation with the trucks 
constraint (Select all that apply): 
The students developed the new LP formulation on their own. 

Supports MSL for a, 
b, or c; Supports PSL 
for a or b 
  6b 

New linear programming formulation with the trucks 
constraint (Select all that apply): 
The students read the new LP formulation in the text. 

6c 
New linear programming formulation with the trucks 
constraint (Select all that apply): 
I developed the new LP formulation in front of the class. 

Goes against PSL 
unless a or b is also 
checked 

6d 
Graphing the new feasible region (Select all that apply): 
The students graphed the new feasible region on their own. Supports MSL for d, 

e, or f; Supports PSL 
for d or e 
  6e 

Graphing the new feasible region (Select all that apply): 
The students looked at the graph of the new feasible region in 
the text or a hand-out. 

6f 
Graphing the new feasible region (Select all that apply): 
I graphed the new feasible region in front of the class. 

Goes against PSL 
unless d or e is also 
checked 

6g 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
The students tested each new corner point of the feasible 
region into the objective function to determine the optimal 
solution. 

Supports MSL for g, 
h, or i; Supports PSL 
for g or h 
  

6h Solving the new problem using the Corner Point Principle 
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(Select all that apply): 
The students found the new optimal solution by reading the 
text or a hand-out. 

6i 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
I showed students how to test each new corner point of the 
feasible region into the objective function to determine the 
optimal solution. 

Goes against PSL 
unless g or h is also 
checked 

6j 

Solving the new problem using Excel Solver (Select all that 
apply): 
I showed students how to solve this new problem using Excel 
Solver. 

Goes against MSL for 
j or k 
  

6k 
Solving the new problem using Excel Solver (Select all that 
apply): 
Students solved this new problem using Excel Solver 

6l 
Students analyzed and interpreted the new solution in context 
of the problem. 

Supports MSL 

2.2.3 Adding a Third Constraint (Select all that apply) 

7a 
New linear programming formulation with the North 
American Maple constraint (Select all that apply): 
The students developed the new LP formulation on their own. 

Supports MSL for a, 
b, or c; Supports PSL 
for a or b 
  7b 

New linear programming formulation with the North 
American Maple constraint (Select all that apply): 
The students read the new LP formulation in the text. 

7c 
New linear programming formulation with the North 
American Maple constraint (Select all that apply): 
I developed the new LP formulation in front of the class. 

Goes against PSL 
unless a or b is also 
checked 

7d 
Graphing the new feasible region (Select all that apply): 
The students graphed the new feasible region on their own. Supports MSL for d, 

e, or f; Supports PSL 
for d or e 
  7e 

Graphing the new feasible region (Select all that apply): 
The students looked at the graph of the new feasible region in 
the text or a hand-out. 

7f 
Graphing the new feasible region (Select all that apply): 
I graphed the new feasible region in front of the class. 

Goes against PSL 
unless d or e is also 
checked 

7g 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
The students tested each new corner point of the feasible 
region into the objective function to determine the optimal 
solution. 

Supports MSL for g, 
h, or i; Supports PSL 
for g or h 
  

7h 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
The students found the new optimal solution by reading the 
text. 

7i 
Solving the new problem using the Corner Point Principle 
(Select all that apply): 

Goes against PSL 
unless g or h is also 
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I showed students how to test each new corner point of the 
feasible region into the objective function to determine the 
optimal solution. 

checked 

7j 

Solving the new problem using Excel Solver (Select all that 
apply): 
I showed students how to solve this new problem using Excel 
Solver. 

Goes against MSL for 
j or k 
  

7k 
Solving the new problem using Excel Solver (Select all that 
apply): 
Students solved this new problem using Excel Solver 

7l 
Students analyzed and interpreted the solution in context of 
the problem. 

Supports MSL 

7m 
I led a discussion on why this new constraint did not change 
the optimal solution. 

Supports MSL 

7n 
Binding and non-binding constraints (Select all that apply): 
I explained the difference between binding and non-binding 
constraints. 

Supports MSL 

7o 
Binding and non-binding constraints (Select all that apply): 
I showed students how to determine if a constraint is binding 
or non-binding. Supports MSL for o or 

p 
  

7p 
Binding and non-binding constraints (Select all that apply): 
Students determined if a constraint was binding or non-
binding on their own. 
2.2.4 A Fourth Constraint (Select all that apply) 

8a 
New linear programming formulation with the Chinese Maple 
constraint (Select all that apply): 
The students developed the new LP formulation on their own. 

Supports MSL for a, 
b, or c; Supports PSL 
for a or b 
  8b 

New linear programming formulation with the Chinese Maple 
constraint (Select all that apply): 
The students read the new LP formulation in the text. 

8c 
New linear programming formulation with the Chinese Maple 
constraint (Select all that apply): 
I developed the new LP formulation in front of the class. 

Goes against PSL 
unless a or b is also 
checked 

8d 
Graphing the new feasible region (Select all that apply): 
The students graphed the new feasible region on their own. 

Supports MSL for d, 
e, or f; Supports PSL 
for d or e 
  8e 

Graphing the new feasible region (Select all that apply): 
The students looked at the graph of the new feasible region in 
the text or a hand-out. 

8f 
Graphing the new feasible region (Select all that apply): 
I graphed the new feasible region in front of the class. 

Goes against PSL 
unless d or e is also 
checked 

8g 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
The students tested each new corner point of the feasible 
region into the objective function to determine the optimal 
solution. 

Supports MSL for g, 
h, or i; Supports PSL 
for g or h 
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8h 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
The students found the new optimal solution by reading the 
text. 

8i 

Solving the new problem using the Corner Point Principle 
(Select all that apply): 
I showed students how to test each new corner point of the 
feasible region into the objective function to determine the 
optimal solution. 

Goes against PSL 
unless g or h is also 
checked 

8j 

Solving the new problem using Excel Solver (Select all that 
apply): 
I showed students how to solve this new problem using Excel 
Solver. 

Goes against MSL for 
j or k 
  

8k 
Solving the new problem using Excel Solver (Select all that 
apply): 
Students solved this new problem using Excel Solver 

8l 
Students analyzed and interpreted the new solution in context 
of the problem. 

Supports MSL 

2.2.5 Adding a Third Decision Variable (Select all that apply) 

9a 
Creating a table to organize the data (Select all that apply): 
Students created a table to organize the data about Sporty, 
Fancy, and Pool-Runner skateboards. 

Supports MSL for a or 
b; Supports PSL for a 

9b 
Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about Sporty, Fancy, and 
Pool-Runner skateboards and gave it to the students. 

Goes against PSL 
unless a is also 
checked 

9c 
New linear programming formulation (Select all that apply): 
The students developed the new LP formulation on their own. 

Supports MSL for c, 
d, or e; Supports PSL 
for c or d 
  

9d 
New linear programming formulation (Select all that apply): 
The students read the new LP formulation in the text. 

9e 
New linear programming formulation (Select all that apply): 
I developed the new LP formulation in front of the class. 

Goes against PSL 
unless c or d is also 
checked 

9f Students tried to solve this problem by graphing. Neutral 

10 
2.2.6 Using Excel Solver (Select all that apply) 
Neither I nor the students used Excel Solver to solve this 
problem 

Goes against MSL 

10a 
Students filled in a blank spreadsheet by hand before going to 
the computer lab. 

Neutral 

10b 
Using Excel Solver (Select all that apply): 
Students worked on computers (individually or in pairs) to 
solve this problem. 

Supports PSL 

10c 
Using Excel Solver (Select all that apply): 
Students watched me use Excel Solver in front of the 
classroom instead of working on their own computers. 

Goes against PSL 

10d 
I showed students how to type in the formulas for the 
SK8MAN problem before going to the computer lab. 

Neutral 
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10e I explained the meaning of the $ sign in Excel. Supports MSL 

10f 
Steps #0-12 (Select all that apply): 
Students read and followed Steps 0-12 on their own. Supports MSL for f or 

g 
  10g 

Steps #0-12 (Select all that apply): 
I walked students through Steps 0-12 as a class. 

10h 
I collected a print-out of (Select all that apply): 
the LP formulation from Excel. 

Neutral 

10i 
I collected a print-out of (Select all that apply): 
the formulas in Excel (using Ctrl ~). 

Neutral 

10j 
I collected a print-out of (Select all that apply): 
the Answer Report. 

Neutral 

10k 
I collected a print-out of (Select all that apply): 
the Sensitivity Report. 

Neutral 

10l Students interpreted the values given in the Answer Report. Goes against MSL 

10m 
Students interpreted the values given in the Sensitivity 
Report. 

Goes against MSL 

10n 
Students analyzed and interpreted the solution in terms of the 
context of the problem. 

Supports MSL 

Vocabulary (Select all that apply) 

11a 
Defining “non-binding” (Select all that apply): 
I told students a formal definition of non-binding. 

Supports MSL for any 
a-d 
  
  
  

11b 
Defining “non-binding” (Select all that apply): 
I told students an informal definition of non-binding. 

11c 
Defining “non-binding” (Select all that apply): 
Students read the definition of non-binding in the text or on a 
hand-out. 

11d 
Defining “non-binding” (Select all that apply): 
Students developed their own definition of non-binding using 
clues from me and from the problem. 

11e 
Defining “slack” (Select all that apply): 
I told students a formal definition of slack. 

Supports MSL for any 
e-h 
  
  
  

11f 
Defining “slack” (Select all that apply): 
I told students an informal definition of slack. 

11g 
Defining “slack” (Select all that apply): 
Students read the definition of slack in the text or on a hand-
out. 

11h 
Defining “slack” (Select all that apply): 
Students developed their own definition of slack using clues 
from me and from the problem. 

11i 
Defining “binding” (Select all that apply): 
I told students a formal definition of binding. Supports MSL for any 

i-l 
  
  
  

11j 
Defining “binding” (Select all that apply): 
I told students an informal definition of binding. 

11k 
Defining “binding” (Select all that apply): 
Students read the definition of binding in the text or on a 
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hand-out. 

11l 
Defining “binding” (Select all that apply): 
Students developed their own definition of binding using 
clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

12a 

Asking in-text questions #1-11 
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-11 (but did not 
explicitly ask these questions). 

Supports MSL for at 
least 5 in a, b, or c;  
Goes against PSL for 
at least 5 

12b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-11  

12c 
Students read the following questions out of in-text questions 
#1-11 out loud or individually  

12d 
Answering in-text questions #1-11  
Students completed the following questions out of in-text 
questions #1-11 individually, in pairs, or in small groups 

Supports PSL for at 
least 5 questions 

12e 
Students provided the class with answers to the following 
questions out of in-text questions #1-11 

Supports PSL for at 
least 5 questions 

12f 
I provided students the answers to the following questions out 
of in-text questions #1-11 

Goes against PSL for 
at least 5 questions 
unless d or e, then 
Neutral 

13a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

13b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

13c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

13d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

13e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

14 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

14a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the SK8MAN problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

14b 
If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the SK8MAN  problem that I read out loud 

Goes against PSL if 
25% or above 
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to the students 

15a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
SK8MAN problem. 

Supports MSL 

15b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
SK8MAN problem. 

Neutral  

15c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral  

15d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

16 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

16a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

16b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem. 

Neutral  

17a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the SK8MAN portion to this chapter. 

Neutral 

17b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the SK8MAN problem 
not listed in the previous statements, please describe what you 
did. 

 

 
 
Chapter 2: Finding Optimal Solutions—Linear Programming (Maximization) 
Section 2.3: The Pallas Sport Shoe Company 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Pallas Shoes problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Pallas Shoes problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 

2 
About how many class periods did it take to complete the 
Pallas Shoes problem? 

Neutral 

3a During the Pallas Shoes problem, approximately what Neutral 
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percentage of time was spent working: 
Individually? 

3b 
During the Pallas Shoes problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Pallas Shoes problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Exploring the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students were introduced to the context of the problem 
through (Select all that apply): 
a class discussion on how to make shoes. 

Supports PSL for any 4d 
Students were introduced to the context of the problem 
through (Select all that apply): 
a video on how to make shoes. 

4e 
Students were introduced to the context of the problem 
through (Select all that apply): 
reading the book or a hand-out. 

4f 
Using a table to organize the data (Select all that apply): 
Students created a table to organize the data about the six 
lines of shoes. 

Supports PSL 

4g 
Using a table to organize the data (Select all that apply): 
Students looked at the table in the text that organized the data 
about the six lines of shoes. 

Supports PSL 

4h 
Using a table to organize the data (Select all that apply): 
I created a table to organize the data about the six lines of 
shoes and gave it to the students. 

Goes against PSL 
unless f or g is also 
checked 

4i 
Students calculated the total profit Pallas Shoes would make 
if they sold one of each type of shoe. 

Goes against MSL 

4j 
I led a class discussion on what step of making a sport shoe 
the students would most enjoy. 

Goes against PSL 

4k 
Students calculated the proportion of total time it would take 
to complete one step for one pair of shoes. 

Goes against MSL 

2.3.1 Problem Formulation (Select all that apply) 

5a 
Linear programming formulation (Select all that apply): 
The students developed the LP formulation on their own. 

Supports MSL for any 
5b 

Linear programming formulation (Select all that apply): 
The students read the LP formulation in the text. 

5c 
Linear programming formulation (Select all that apply): 
I developed the LP formulation in front of the class. 

Goes against PSL 
unless a or b is also 
checked 

5d Students filled in the LP formulation on a blank worksheet by Neutral 
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hand: 
before going to the computer lab. 

5e 
Students filled in the LP formulation on a blank worksheet by 
hand: 
instead of going to the computer lab. 

Neutral 

5f 
Using Excel Solver (Select all that apply): 
I showed students how to type in the formulas for the Pallas 
Shoe problem before going to the computer lab. 

Neutral 

5g 
Using Excel Solver (Select all that apply): 
Students watched me use Excel Solver while they worked on 
their own computers. 

Neutral 

5h 
Using Excel Solver (Select all that apply): 
Students watched me use Excel Solver in front of the 
classroom instead of working on their own computers. 

Neutral 

5i 
Using Excel Solver (Select all that apply): 
Students worked on computers (individually or in pairs) to 
solve this problem. 

Neutral 

2.3.2 Problem Solution (Select all that apply) 

6a 
Students analyzed and interpreted the solution in terms of the 
context of the problem. 

Supports MSL 

6b 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Supports MSL 

6c 
I explained the meaning of the various pieces of the (Select 
all that apply): 
Answer Report. 

Supports MSL 

6d 
I explained the meaning of the various pieces of the (Select 
all that apply): 
Sensitivity Report. 

Goes against MSL 

6e 
Students calculated, by hand, values from the (Select all that 
apply): 
Answer Report. 

Goes against MSL 

6f 
Students calculated, by hand, values from the (Select all that 
apply): 
Sensitivity Report. 

Goes against MSL 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

7a 

Asking in-text questions #1-15   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-15 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 7 questions in a, 
b, or c;  
Goes against PSL for 
at least 7 

7b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-15:  

7c 
Students read the following questions out of in-text questions 
#1-15 out loud or individually:  

7d Answering in-text questions #1-15   Supports PSL for at 
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Students completed the following questions out of in-text 
questions #1-15 individually, in pairs, or in small groups: 

least 7 questions 

7e 
Students provided the class with answers to the following 
questions out of in-text questions #1-15: 

Supports PSL for at 
least 7 questions 

7f 
I provided students the answers to the following questions out 
of in-text questions #1-15: 

Goes against PSL for 
at least 7 questions 
unless d or e, then 
Neutral 

8a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

8b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

8c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

8d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

8e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

9 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

9a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Pallas Shoes problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

9b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Pallas Shoes problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

10a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Pallas Shoes problem. 

Supports MSL 

10b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Pallas Shoes problem. 

Neutral  

10c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Supports MSL 

10d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

11 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 
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11a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

11b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral  

12a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Pallas Shoes portion to this chapter. 

Neutral 

12b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Pallas Shoes 
problem not listed in the previous statements above, please 
describe what you did. 

 

 
 
Chapter 3: Analyzing Optimal Solutions—Sensitivity Analysis 
Problem 3.1: Computer Flips, a Junior Achievement Company 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Computer Flips problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Computer Flips problem in your classroom. 
 

Item # Teacher Log Item Score 

1 
How many times have you taught this problem prior to this 
time? 

Neutral 

2 How many minutes is a typical mathematics period? 

3 
About how many class periods did it take to complete the 
Computer Flips problem? 

Neutral 

4a 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

4b 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

4c 
During the Computer Flips problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

5a 
I taught this section immediately following Section 2.1: 
Computer Flips, a Junior Achievement Company (i.e., I did 
not finish Chapter 2 before starting Chapter 3). 

Goes against MSL 

5b Students completed a warm-up that (Select all that apply): Neutral 
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introduced new content. 

5c 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

5d 
Students reviewed the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for 

either 
5e 

Students reviewed the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

5f 
Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about Simplex and 
Omniplex computers. 

Neutral 

5g 
Creating a table to organize the data (Select all that apply): 
Students created a table to organize the data about Simplex 
and Omniplex computers. 

Neutral 

3.1.1 Problem Formulation (Select all that apply) 

6a 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for a, 
b, or c 
  

6b 
Linear programming formulation (Select all that apply): 
The students read the linear programming formulation in the 
text. 

6c 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to the students. 

Goes against PSL 
unless a or b is also 
checked, then Neutral 

6d 

Solving the problem using Excel Solver (Select all that 
apply): 
I showed students how to solve this problem using Excel 
Solver. 

Supports MSL for d or 
e; Goes against PSL 
unless e is also 
checked 
  6e 

Solving the problem using Excel Solver (Select all that 
apply): 
Students solved this problem using Excel Solver. 

6f I gave students the solution to this problem. 
Goes against PSL 
unless e is also 
checked 

6g 
Students analyzed and interpreted the solution in context of 
the problem. 

Supports MSL 

3.1.2 Solver Answer Report (Select all that apply) 

7a 
Generating an Answer Report (Select all that apply): 
Students generated an Answer Report for this problem. 

Supports MSL for a or 
b 

7b 
Generating an Answer Report (Select all that apply): 
I generated an Answer Report and showed it to the students. 

Goes against PSL 
unless a is also 
checked, then Neutral 

7c 
I explained the meaning of the various pieces of the Answer 
Report. 

Supports MSL 

7d Students interpreted the meaning of the various pieces of the Supports MSL 
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Answer Report in terms of the problem context. 
7e Students calculated the values in the Answer Report by hand. Goes against MSL 

7f 
I explained the importance of deleting the values in the 
decision variable cells before re-solving a problem. 

Supports MSL 

7g 
Students analyzed their solution by changing constraints in 
Excel. 

Supports MSL 

3.1.3 Solver Sensitivity Report (Select all that apply) 

8a 
Generating a Sensitivity Report (Select all that apply): 
Students generated a Sensitivity Report for this problem. 

Supports MSL for a or 
b 

8b 
Generating a Sensitivity Report (Select all that apply): 
I generated a Sensitivity Report and showed it to the students. 

Goes against PSL 
unless a is also 
checked, then Neutral 

8c 
I explained the meaning of the various pieces of the 
Sensitivity Report. 

Supports MSL 

8d 
Students interpreted the meaning of the various pieces of the 
Sensitivity Report in terms of the problem context. 

Supports MSL 

8e 
Students calculated the values in the Sensitivity Report by 
hand. 

Goes against MSL 

8f 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Supports MSL 

8g 
Students discussed the ramifications of changing constraints 
and/or objective coefficients in terms of the problem context. 

Supports PSL 

8h 
Graphing the feasible region (Select all that apply): 
Students graphed the feasible region to better understand 
Allowable Increase. 

Supports MSL for h or 
i 

8i 
Graphing the feasible region (Select all that apply): 
I showed students a graph of the feasible region to explain 
Allowable Increase. 

Goes against PSL 
unless h is also 
checked, then Neutral 

Vocabulary (Select all that apply) 

9a 
Defining “Variable Cells” (Select all that apply): 
I told students a formal definition of Variable Cells. 

Supports MSL for any 

9b 
Defining “Variable Cells” (Select all that apply): 
I told students an informal definition of Variable Cells. 

9c 
Defining “Variable Cells” (Select all that apply): 
Students read the definition of Variable Cells in the text or on 
a hand-out. 

9d 
Defining “Variable Cells” (Select all that apply): 
Students developed their own definition of Variable Cells 
using clues from me and from the problem. 

9e 
Defining “Constraint Cells” (Select all that apply): 
I told students a formal definition of Constraint Cells. 

Supports MSL for any 9f 
Defining “Constraint Cells” (Select all that apply): 
I told students an informal definition of Constraint Cells. 

9g 
Defining “Constraint Cells” (Select all that apply): 
Students read the definition of Constraint Cells in the text or 
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on a hand-out. 

9h 
Defining “Constraint Cells” (Select all that apply): 
Students developed their own definition of Constraint Cells 
using clues from me and from the problem. 

9i 
Defining “Allowable Increase” (Select all that apply): 
I told students a formal definition of Allowable Increase. 

Supports MSL for any 

9j 
Defining “Allowable Increase” (Select all that apply): 
I told students an informal definition of Allowable Increase. 

9k 
Defining “Allowable Increase” (Select all that apply): 
Students read the definition of Allowable Increase in the text 
or on a hand-out. 

9l 
Defining “Allowable Increase” (Select all that apply): 
Students developed their own definition of Allowable 
Increase using clues from me and from the problem. 

9m 
Defining “Allowable Decrease” (Select all that apply): 
I told students a formal definition of Allowable Decrease. 

Supports MSL for any 

9n 
Defining “Allowable Decrease” (Select all that apply): 
I told students an informal definition of Allowable Decrease. 

9o 
Defining “Allowable Decrease” (Select all that apply): 
Students read the definition of Allowable Decrease in the text 
or on a hand-out. 

9p 
Defining “Allowable Decrease” (Select all that apply): 
Students developed their own definition of Allowable 
Decrease using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

10a 

Asking in-text questions #1-14   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-14 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 7 questions in a, 
b, or c; Goes against 
PSL for at least 7 
questions 

10b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-14:  

10c 
Students read the following questions out of in-text questions 
#1-14 out loud or individually:  

10d 
Answering in-text questions #1-14   
Students completed the following questions out of in-text 
questions #1-14 individually, in pairs, or in small groups: 

Supports PSL for at 
least 7 questions 

10e 
Students provided the class with answers to the following 
questions out of in-text questions #1-14: 

Supports PSL for at 
least 7 questions 

10f 
I provided students the answers to the following questions out 
of in-text questions #1-14: 

Goes against PSL for 
at least 7 questions, 
unless d or e, then 
Neutral 

11a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 

Neutral 
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teaching the lesson. 

11b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

11c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

11d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

11e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

12 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

12a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Computer Flips problem that students 
read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

12b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Computer Flips problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

13a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Computer Flips problem. 

Supports MSL 

13b 
Technology (Select all that apply) 
Students used Excel Solver to generate Answer and 
Sensitivity Reports. 

Supports MSL 

13c 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Computer Flips problem. 

Neutral 

13d 
Technology (Select all that apply) 
Students used Excel Solver to analyze and interpret the 
optimal solution to the Computer Flips problem 

Neutral 

13e 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

14 
Homework-Students were not assigned homework after 
completing this problem. 

Goes against MSL 

14a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

14b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

15a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Computer Flips portion to this chapter. 

Neutral 
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15b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Computer Flips 
problem not listed in the previous statements, please describe 
what you did. 

 

 
 
 
Chapter 3: Analyzing Optimal Solutions—Sensitivity Analysis 
Problem 3.2: SK8MAN, Inc. 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
SK8MAN problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
SK8MAN problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 

2 
About how many class periods did it take to complete the 
SK8MAN problem? 

Neutral 

3a 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the SK8MAN problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

4a 

Introducing the Problem (Select all that apply) 
I taught this section immediately following Section 2.2: 
SK8MAN, Inc. (i.e., I did not complete Sections 2.3 and 3.1 
before starting this section). 

Goes against MSL 

4b 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4c 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4d 
Students reviewed the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for 

either 
4e 

Students reviewed the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 
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3.2.1 Problem Formulation (Select all that apply) 

5a 
The students developed the linear programming formulation 
for this problem. Supports MSL for a, 

b, or c 
  5b 

The students read the linear programming formulation in the 
text. 

5c 
I developed the linear programming formulation for this 
problem and gave it to the students. 

Goes against PSL 
unless a or b is also 
checked, then Neutral 

3.2.2 Solver Answer Reports (Select all that apply) 

6a 
Generating an Answer Report (Select all that apply): 
Students generated an Answer Report for this problem. 

Neutral 

6b 
Generating an Answer Report (Select all that apply): 
I generated an Answer Report and showed it to the students. 

Neutral 

6c 
Generating an Answer Report (Select all that apply): 
Students read through the Answer Report in the text. 

Neutral 

6d 

The various pieces of the Answer Report (Select all that 
apply): 
I explained the meaning of the various pieces of the Answer 
Report. Supports MSL for 

either 

6e 

The various pieces of the Answer Report (Select all that 
apply): 
Students read about the various pieces of the Answer Report 
in the text or a hand-out. 

6f 

The various pieces of the Answer Report (Select all that 
apply): 
Students interpreted the meaning of the various pieces of the 
Answer Report in terms of the problem context. 

Supports MSL 

6g 
The various pieces of the Answer Report (Select all that 
apply): 
Students calculated the values in the Answer Report by hand. 

Goes against MSL 

6h 
Students analyzed their solution by changing constraints in 
Excel. 

Neutral 

3.2.3 Solver Sensitivity Reports (Select all that apply) 

7a 
Generating a Sensitivity Report (Select all that apply): 
Students generated a Sensitivity Report for this problem. 

Neutral 

7b 
Generating a Sensitivity Report (Select all that apply): 
I generated a Sensitivity Report and showed it to the students. 

Neutral 

7c 

The various pieces of the Sensitivity Report (Select all that 
apply): 
I explained the meaning of the various pieces of the 
Sensitivity Report. Supports MSL for 

either 

7d 

The various pieces of the Sensitivity Report (Select all that 
apply): 
Students read about the various pieces of the Sensitivity 
Report in the text or a hand-out. 

7e The various pieces of the Sensitivity Report (Select all that Supports MSL 
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apply): 
Students interpreted the meaning of the various pieces of the 
Sensitivity Report in terms of the problem context. 

7f 

The various pieces of the Sensitivity Report (Select all that 
apply): 
Students calculated the values in the Sensitivity Report by 
hand. 

Goes against MSL 

7g 
Students analyzed their solution by changing constraints in 
Excel. 

Neutral 

7h 
Students analyzed their solution by changing objective 
function coefficients in Excel. 

Neutral 

Variable Cells: Allowable Increase (Select all that apply) 

8a 
I led a class discussion on what an Allowable Increase of $40 
for the coefficient of x2 means in terms of the problem. 

Supports MSL 

8b 
I used another example to explain Allowable Increase to the 
students. 

Neutral 

8c 
I led a class discussion on what an Allowable Increase of 
1E+30 means in terms of the problem context. 

Supports MSL 

8d 

Increasing the profit of Fancy boards by $25 to $60 (Select all 
that apply): 
Students increased the profit of Fancy boards by $25 to $60 
and saw the result in Excel. 

Supports MSL for any 8e 

Increasing the profit of Fancy boards by $25 to $60 (Select all 
that apply): 
I increased the profit of Fancy boards by $25 to $60 and 
showed students the result in Excel. 

8f 

Increasing the profit of Fancy boards by $25 to $60 (Select all 
that apply): 
Students read the text or a hand-out to see the result of 
increasing the profit of Fancy boards by $25 to $60. 

8g 

Increasing the profit of Fancy boards by $45 to $80 (Select all 
that apply): 
Students increased the profit of Fancy boards by $45 to $80 
and saw the result in Excel. 

Supports MSL for any 8h 

Increasing the profit of Fancy boards by $45 to $80 (Select all 
that apply): 
I increased the profit of Fancy boards by $45 to $80 and 
showed students the result in Excel. 

8i 

Increasing the profit of Fancy boards by $45 to $80 (Select all 
that apply): 
Students read the text or a hand-out to see the result of 
increasing the profit of Fancy boards by $45 to $80. 

8j 

Increasing the profit of Fancy boards by $40 to $75 (Select all 
that apply): 
Students increased the profit of Fancy boards by $40 to $75 
and saw the result in Excel. 

Supports MSL for any 
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8k 

Increasing the profit of Fancy boards by $40 to $75 (Select all 
that apply): 
I increased the profit of Fancy boards by $40 to $75 and 
showed students the result in Excel. 

8l 

Increasing the profit of Fancy boards by $40 to $75 (Select all 
that apply): 
Students read the text or a hand-out to see the result of 
increasing the profit of Fancy boards by $40 to $75. 

8m 

Using a graph of the feasible region to explain Allowable 
Increase (Select all that apply): 
I led a class discussion on what Allowable Increase means 
graphically. 

Supports MSL 

8n 

Using a graph of the feasible region to explain Allowable 
Increase (Select all that apply): 
Students graphed the 3-dimensional feasible region to better 
understand Allowable Increase. Goes against MSL for 

either 

8o 

Using a graph of the feasible region to explain Allowable 
Increase (Select all that apply): 
I showed students a 3-dimensional graph of the feasible 
region to explain Allowable Increase. 
Variable Cells: Allowable Decrease (Select all that apply) 

9a 
I led a class discussion on what an Allowable Decrease of 
$7.33 for the coefficient of x3 means in terms of the problem. 

Supports MSL 

9b 
I used another example to explain Allowable Decrease to the 
students. 

Neutral 

9c 
I led a class discussion on what an Allowable Decrease of 
1E+30 means in terms of the problem context. 

Neutral 

9d 

Decreasing the profit of Pool-Runner boards by $5 to $15 
(Select all that apply): 
Students decreased the profit of Pool-Runner boards by $5 to 
$15 and saw the result in Excel. 

Supports MSL for any 9e 

Decreasing the profit of Pool-Runner boards by $5 to $15 
(Select all that apply): 
I decreased the profit of Pool-Runner boards by $5 to $15 and 
showed students the result in Excel. 

9f 

Decreasing the profit of Pool-Runner boards by $5 to $15 
(Select all that apply): 
Students read the text or a hand-out to see the result of 
decreasing the profit of Pool-Runner boards by $5 to $15. 

9g 

Decreasing the profit of Pool-Runner boards by $15 to $5 
(Select all that apply): 
Students decreased the profit of Pool-Runner boards by $15 
to $5 and saw the result in Excel. Supports MSL for any 

9h 
Decreasing the profit of Pool-Runner boards by $15 to $5 
(Select all that apply): 
I decreased the profit of Pool-Runner boards by $15 to $5 and 
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showed students the result in Excel. 

9i 

Decreasing the profit of Pool-Runner boards by $15 to $5 
(Select all that apply): 
Students read the text or a hand-out to see the result of 
decreasing the profit of Pool-Runner boards by $15 to $5. 

9j 

Decreasing the profit of Pool-Runner boards by $7.33 to 
$12.67 (Select all that apply): 
Students decreased the profit of Pool-Runner boards by $7.33 
to $12.67 and saw the result in Excel. 

Supports MSL for any 
9k 

Decreasing the profit of Pool-Runner boards by $7.33 to 
$12.67 (Select all that apply): 
I decreased the profit of Pool-Runner boards by $7.33 to 
$12.67 and showed students the result in Excel. 

9l 

Decreasing the profit of Pool-Runner boards by $7.33 to 
$12.67 (Select all that apply): 
Students read the text or a hand-out to see the result of 
decreasing the profit of Pool-Runner boards by $7.33 to 
$12.67. 

9m 

Using a graph of the feasible region to explain Allowable 
Decrease (Select all that apply): 
I led a class discussion on what Allowable Decrease means 
graphically. 

Supports MSL 

9n 

Using a graph of the feasible region to explain Allowable 
Decrease (Select all that apply): 
Students graphed the 3-dimensional feasible region to better 
understand Allowable Decrease. Goes against MSL for 

either 

9o 

Using a graph of the feasible region to explain Allowable 
Decrease (Select all that apply): 
I showed students a 3-dimensional graph of the feasible 
region to explain Allowable Decrease. 
Variable Cells: Reduced Cost (Select all that apply) 

10a 
I led a class discussion on what a Reduced Cost of -7.33 for 
Sporty boards means in terms of the problem. 

Supports MSL 

10b 
I used another example to explain Reduced Cost to the 
students. 

Neutral 

10c 

Forcing the production of one Sporty board (Select all that 
apply): 
Students added in the constraint x1 = 1and saw the result in 
Excel. 

Supports MSL for any 
10d 

Forcing the production of one Sporty board (Select all that 
apply): 
I added in the constraint x1 = 1and showed students the result 
in Excel. 

10e 
Forcing the production of one Sporty board (Select all that 
apply): 
Students read the text or a hand-out to see the result of adding 
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in the constraint x1 = 1. 

10f 

Forcing the production of ten Sporty boards (Select all that 
apply): 
I led a class discussion on what would happen if SK8MAN 
were forced to manufacture 10 Sporty boards each week. 

Supports MSL for f or 
g; Goes against PSL 
unless g is also 
checked 

10g 

Forcing the production of ten Sporty boards (Select all that 
apply): 
Individually or in small groups, students determined the effect 
of the profit if SK8MAN were forced to manufacture 10 
Sporty boards each week. 

  

10h 

Increasing the profit of Sporty boards by $8 to $23 (Select all 
that apply): 
Students increased the profit of Sporty boards by $8 to $23 
and saw the result in Excel. 

Supports MSL for any 10i 

Increasing the profit of Sporty boards by $8 to $23 (Select all 
that apply): 
I increased the profit of Sporty boards by $8 to $23 and 
showed students the result in Excel. 

10j 

Increasing the profit of Sporty boards by $8 to $23 (Select all 
that apply): 
Students read the text or a hand-out to see the result of 
increasing the profit of Sporty boards by $8 to $23. 

10k 
I led a class discussion on why Reduced Cost is always less 
than or equal to 0. 

Supports MSL 

10l 
I led a class discussion on why the Reduced Cost for x2 and x3 
were both 0. 

Supports MSL 

Constraints: Shadow Price (Select all that apply) 

11a 
I led a class discussion on what a Shadow Price of 2.33 for 
the shaping time constraint means in terms of the problem. 

Supports MSL 

11b 
I used another example to explain Shadow Price to the 
students. 

Neutral 

11c 

Increasing the shaping time constraint by 100 minutes to 2500 
minutes (Select all that apply): 
Students increased the shaping time constraint by 100 
minutes to 2500 minutes and saw the result in Excel. 

Supports MSL for any 
11d 

Increasing the shaping time constraint by 100 minutes to 2500 
minutes (Select all that apply): 
I increased the shaping time constraint by 100 minutes to 
2500 minutes and showed students the result in Excel. 

11e 

Increasing the shaping time constraint by 100 minutes to 2500 
minutes (Select all that apply): 
Students read the text or a hand-out to see the result of 
increasing the shaping time constraint by 100 minutes to 2500 
minutes. 

11f 
Decreasing the shaping time constraint by 150 minutes to 
2250 minutes (Select all that apply): 

Supports MSL for any 
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Students decreased the shaping time constraint by 150 
minutes to 2250 minutes and saw the result in Excel. 

11g 

Decreasing the shaping time constraint by 150 minutes to 
2250 minutes (Select all that apply): 
I decreased the shaping time constraint by 150 minutes to 
2250 minutes and showed students the result in Excel. 

11h 

Decreasing the shaping time constraint by 150 minutes to 
2250 minutes (Select all that apply): 
Students read the text or a hand-out to see the result of 
decreasing the shaping time constraint by 150 minutes to 
2250 minutes. 

 
Constraints: Allowable Increase and Allowable Decrease 
(Select all that apply)  

12a 
I led a class discussion on what an Allowable Increase of 240 
minutes for the shaping time constraint means in terms of the 
problem. 

Supports MSL 

12b 
I used another example to explain Allowable Increase to the 
students. 

Neutral 

12c 
I led a class discussion on what an Allowable Decrease of 
1,560 minutes for the shaping time constraint means in terms 
of the problem. 

Supports MSL 

12d 
I used another example to explain Allowable Decrease to the 
students. 

Neutral 

12e 

Increasing the shaping time constraint by 241 minutes to 2641 
minutes (Select all that apply): 
Students increased the shaping time constraint by 241 
minutes to 2641 minutes and saw the result in Excel. 

Supports MSL for any 
12f 

Increasing the shaping time constraint by 241 minutes to 2641 
minutes (Select all that apply): 
I increased the shaping time constraint by 241 minutes to 
2641 minutes and showed students the result in Excel. 

12g 

Increasing the shaping time constraint by 241 minutes to 2641 
minutes (Select all that apply): 
Students read the text or a hand-out to see the result of 
increasing the shaping time constraint by 241 minutes to 
2641. 

12h 

Decreasing the shaping time constraint by 1561 minutes to 
839 minutes (Select all that apply): 
Students decreased the shaping time constraint by 1561 
minutes to 839 minutes and saw the result in Excel. 

Supports MSL for any 
12i 

Decreasing the shaping time constraint by 1561 minutes to 
839 minutes (Select all that apply): 
I decreased the shaping time constraint by 1561 minutes to 
839 minutes and showed students the result in Excel. 

12j 
Decreasing the shaping time constraint by 1561 minutes to 
839 minutes (Select all that apply): 
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Students read the text or a hand-out to see the result of 
decreasing the shaping time constraint by 1561 minutes to 
839 minutes. 

12k 
I led a class discussion about the relationship between 
Allowable Increase and Shadow Price. 

Supports MSL 

12l 
I led a class discussion about the relationship between 
Allowable Decrease and Shadow Price. 

Supports MSL 

12m 
I led a class discussion about the relationship between the 
“Variable Cells” section and the “Constraints” section in the 
Sensitivity Report. 

Goes against MSL 

12n 
I led a class discussion about the relationship between 
Reduced Cost and Shadow Price. 

Goes against MSL 

 
3.2.3 Adding a Fourth Product Is It Profitable? (Select all that 
apply)  

13a 

New linear programming formulation with the EasyRider 
Skateboard (Select all that apply): 
The students developed the linear programming formulation 
for this new problem. 

Neutral 13b 

New linear programming formulation with the EasyRider 
Skateboard (Select all that apply): 
The students read the new linear programming formulation in 
the text or a hand-out. 

13c 

New linear programming formulation with the EasyRider 
Skateboard (Select all that apply): 
I developed the linear programming formulation for this new 
problem and gave it to the students. 

13d 
Solving the new problem (Select all that apply): 
The students solved the new problem in Excel themselves. 

Supports MSL for any 
13e 

Solving the new problem (Select all that apply): 
I solved the new problem in Excel and showed students the 
solution. 

13f 
Solving the new problem (Select all that apply): 
Students read the text or a hand-out to see the solution to the 
new problem. 

13g I led a class discussion on why the solution did not change. Supports MSL 

13h 
Students experimented on Excel to determine what they 
would need to change in order to make the EasyRider board 
profitable to make. 

Neutral 

13i 
I led a class discussion on how the Shadow Price values 
explain why the profit margin would need to be at least $28 
for each EasyRider skateboard. 

Supports MSL 

13j 

Increasing the profit of EasyRider boards by $5 to $30 (Select 
all that apply): 
Students increased the profit of EasyRider boards by $5 to 
$30 and saw the result in Excel. 

Supports MSL for any 

13k Increasing the profit of EasyRider boards by $5 to $30 (Select 
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all that apply): 
I increased the profit of EasyRider boards by $5 to $30 and 
showed students the result in Excel. 

13l 

Increasing the profit of EasyRider boards by $5 to $30 (Select 
all that apply): 
Students read the text or a handout to see the result of 
increasing the profit of EasyRider boards by $5 to $30. 

13m 

Increasing the profit of EasyRider boards by $5 to $30 (Select 
all that apply): 
Students interpreted the new solution in terms of the problem 
context. 

Supports MSL 

Vocabulary (Select all that apply) 

14a 
Defining “Reduced Cost” (Select all that apply): 
I told students a formal definition of Reduced Cost. 

Supports MSL for any 

14b 
Defining “Reduced Cost” (Select all that apply): 
I told students an informal definition of Reduced Cost. 

14c 
Defining “Reduced Cost” (Select all that apply): 
Students read the definition of Reduced Cost in the text or on 
a hand-out. 

14d 
Defining “Reduced Cost” (Select all that apply): 
Students developed their own definition of Reduced Cost 
using clues from me and from the problem. 

14e 
Defining “Shadow Price” (Select all that apply): 
I told students a formal definition of Shadow Price. 

Supports MSL for any 

14f 
Defining “Shadow Price” (Select all that apply): 
I told students an informal definition of Shadow Price. 

14g 
Defining “Shadow Price” (Select all that apply): 
Students read the definition of Shadow Price in the text or on 
a hand-out. 

14h 
Defining “Shadow Price” (Select all that apply): 
Students developed their own definition of Shadow Price 
using clues from me and from the problem. 

14i 
Defining “Allowable Increase” (Select all that apply): 
I told students a formal definition of Allowable Increase. 

Supports MSL for any 

14j 
Defining “Allowable Increase” (Select all that apply): 
I told students an informal definition of Allowable Increase. 

14k 
Defining “Allowable Increase” (Select all that apply): 
Students read the definition of Allowable Increase in the text 
or on a hand-out. 

14l 
Defining “Allowable Increase” (Select all that apply): 
Students developed their own definition of Allowable 
Increase using clues from me and from the problem. 

14m 
Defining “Allowable Decrease” (Select all that apply): 
I told students a formal definition of Allowable Decrease. 

Supports MSL for any 
14n 

Defining “Allowable Decrease” (Select all that apply): 
I told students an informal definition of Allowable Decrease. 
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14o 
Defining “Allowable Decrease” (Select all that apply): 
Students read the definition of Allowable Decrease in the text 
or on a hand-out. 

14p 
Defining “Allowable Decrease” (Select all that apply): 
Students developed their own definition of Allowable 
Decrease using clues from me and from the problem. 

15a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

15b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

15c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

15d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

15e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

16 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

16a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the SK8MAN problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

16b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the SK8MAN  problem that I read out loud 
to the students 

Goes against PSL if 
25% or above 

17a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
SK8MAN problem. 

Neutral 

17b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
SK8MAN problem. 

Neutral 

17c 
Technology (Select all that apply) 
Students used Excel Solver to generate Answer and 
Sensitivity Reports. 

Neutral 

17d 
Technology (Select all that apply) 
Students used Excel Solver to analyze and interpret the 
optimal solution to the SK8MAN problem. 

Neutral 

17e 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

18 
Homework 
Students were not assigned homework after completing this 

Goes against MSL 
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problem. 

18a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

18b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

19a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the SK8MAN portion to this chapter. 

Neutral 

19b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

 

If you indicated you did something in the SK8MAN problem 
not listed in the previous statements, please describe what you 
did. 

 

 
 
Chapter 3: Analyzing Optimal Solutions—Sensitivity Analysis 
Problem 3.3: The Pallas Sport Shoe Company 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Pallas Shoes problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Pallas Shoes problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? 

2 
About how many class periods did it take to complete the 
Pallas Shoes problem? 

Neutral 

3a 
During the Pallas Shoes problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 3b 
During the Pallas Shoes problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

3c 
During the Pallas Shoes problem, approximately what 
percentage of time was spent working: 
As a whole class? 

4a 
Introducing the Problem (Select all that apply) 
I taught this section immediately following Section 2.3: The 
Pallas Sport Shoe Company. 

Goes against MSL 

4b 
Students completed a warm-up that (Select all that apply): 
introduced new content. Neutral 

4c Students completed a warm-up that (Select all that apply): 
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reviewed previous content. 

4d 
Students reviewed the context of the problem through (Select 
all that apply): 
a class discussion on how to make shoes. Supports PSL for 

either 
4e 

Students reviewed the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4f 
Using a table to organize the data (Select all that apply): 
I created a table to organize the data about the six lines of 
sport shoes. 

Neutral 4g 
Using a table to organize the data (Select all that apply): 
Students created a table to organize the data about the six 
lines of sport shoes. 

4h 
Using a table to organize the data (Select all that apply): 
Students read the text or a hand-out to see the table that 
organized the data about the six lines of sport shoes. 
3.3.1 Problem Formulation (Select all that apply) 

5a 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. Supports MSL for a, 

b, or c 
  

5b 
Linear programming formulation (Select all that apply): 
The students read the linear programming formulation in the 
text. 

5c 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to the students. 

Goes against PSL 
unless a or b is also 
checked, then Neutral 

5d 
Solving the problem (Select all that apply): 
I showed students how to solve this problem using Excel 
Solver. 

Supports MSL for any 
5e 

Solving the problem (Select all that apply): 
Students solved this problem using Excel Solver. 

5f 
Solving the problem (Select all that apply): 
The students read the text or a hand-out to see the optimal 
solution given by Excel Solver. 

5g 
Solving the problem (Select all that apply): 
I gave students the solution to this problem. 
3.3.2 Interpreting the Solution (Select all that apply) 

6a 
Students analyzed and interpreted the solution in context of 
the problem. 

Supports MSL 

6b 
I led a class discussion on what it means to have a non-integer 
solution in this problem. 

Supports MSL 

6c 
I told the students to round non-integer solutions to the 
nearest integer. 

Goes against MSL 

6d 
Students interpreted the meaning of the various pieces of the 
Answer Report in terms of the problem context. 

Neutral 

6e Students calculated the values in the Answer Report by hand. Goes against MSL 
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6f 
Students interpreted the meaning of the various pieces of the 
Sensitivity Report in terms of the problem context. 

Supports MSL 

6g 
Students calculated the values in the Sensitivity Report by 
hand. 

Goes against MSL 

 
3.3.3 Using the Sensitivity Report to Make Decisions (Select 
all that apply)  

7a 
Adding in overtime (Select all that apply): 
I led a class discussion on whether overtime should be added. 

Supports MSL 

7b 
Adding in overtime (Select all that apply): 
Students re-solved the problem in Excel with overtime added. 

Neutral 

7c 
Adding in overtime (Select all that apply): 
I led a class discussion on whether students work overtime at 
their jobs. 

Goes against PSL 

7d 
Adding in overtime (Select all that apply): 
Students added in one hour of overtime to each of the steps, 
one at a time, until they found which one maximized profit. 

Goes against MSL 

7e 
Adding a new model (Select all that apply): 
I led a class discussion on whether the Pro-Go model should 
be produced. 

Supports MSL 

7f 
Adding a new model (Select all that apply): 
Students re-solved the problem in Excel with the Pro-Go 
model added. 

Neutral 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

8a 

Asking in-text questions #1-10   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-10 (but did not 
explicitly ask these questions). 

Supports MSL for at 
least 5 questions in a, 
b, or c; Goes against 
PSL for at least 5 

8b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-10:  

8c 
Students read the following questions out of in-text questions 
#1-10 out loud or individually:  

8d 
Answering in-text questions #1-10   
Students completed the following questions out of in-text 
questions #1-10 individually, in pairs, or in small groups: 

Supports PSL for at 
least 5 

8e 
Students provided the class with answers to the following 
questions out of in-text questions #1-10: 

Supports PSL for at 
least 5 

8f 
I provided students the answers to the following questions out 
of in-text questions #1-10: 

Goes against PSL 
unless d or e, then 
Neutral 

9a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

9b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 
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9c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

9d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

9e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

10 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

10a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Pallas Shoes problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

10b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Pallas Shoes problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

11a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Pallas Shoes problem. 

Neutral 

11b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Pallas Shoes problem. 

Neutral 

11c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

11d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

12 
Homework-Students were not assigned homework after 
completing this problem. 

Goes against MSL 

12a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

12b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

13a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Pallas Shoes portion to this chapter. 

Neutral 

13b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Pallas Shoes 
problem not listed in the previous statements, please describe 
what you did. 
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Chapter 4: Finding Optimal Solutions—Linear Programming (Minimization) 
Section 4.1: Nutrition in Malawi 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Malawi problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Malawi problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Malawi problem? 

Neutral 

3a 
During the Malawi problem, approximately what percentage 
of time was spent working: 
Individually? 

Neutral 

3b 
During the Malawi problem, approximately what percentage 
of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Malawi problem, approximately what percentage 
of time was spent working: 
As a whole class? 

Neutral 

4a 
Section 4.0: Introduction (Select all that apply) 
Section 4.0 was used to introduce the chapter. 

Supports MSL 

4b 
Section 4.0: Introduction (Select all that apply) 
Students read Section 4.0 themselves, out loud or 
individually. 

Supports PSL 

4c 
Section 4.0: Introduction (Select all that apply) 
I read Section 4.0 out loud to the students.  

Goes against PSL 

Introducing the Problem (Select all that apply) 

5a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

5b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

5c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for 

either c or d 
5d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

5e 

Organizing the data about nutrients and minimum daily 
requirements (Select all that apply): 
I created a table to organize the data about nutrients and their 
minimum daily requirements. 

Supports MSL for e, f, 
or g 



470 
 
 
 

 

5f 

Organizing the data about nutrients and minimum daily 
requirements (Select all that apply): 
Students created a table to organize the data about nutrients 
and their minimum daily requirements. 

5g 
Organizing the data about nutrients and minimum daily 
requirements (Select all that apply): 
Students looked at Table 4.1.1 in the text or a hand-out. 

5h 

Organizing the data about nutrients and minimum daily 
requirements (Select all that apply): 
Students did research to find data about nutrients and 
minimum daily requirements. 

Goes against MSL 

5i 

Organizing the data about nutritional content per gram of 
food (Select all that apply): 
I created a table to organize the data about nutritional content 
per gram of food. 

Supports MSL for i, j, 
or k 5j 

Organizing the data about nutritional content per gram of 
food (Select all that apply): 
Students created a table to organize the data about nutritional 
content per gram of food. 

5k 
Organizing the data about nutritional content per gram of 
food (Select all that apply): 
Students looked at Table 4.1.2 in the text or a hand-out. 

5l 

Organizing the data about nutritional content per gram of 
food (Select all that apply): 
Students did research to find data about nutritional content 
per gram of food. 

Goes against MSL 

5m 

Organizing the data about energy content of food (Select all 
that apply): 
I created a table to organize the data about energy content of 
food. 

Supports MSL for m, 
n, or o 5n 

Organizing the data about energy content of food (Select all 
that apply): 
Students created a table to organize the data about energy 
content of food. 

5o 
Organizing the data about energy content of food (Select all 
that apply): 
Students looked at Table 4.1.3 in the text or a hand-out. 

5p 

Organizing the data about energy content of food (Select all 
that apply): 
Students did research to find data about energy content of 
food. 

Goes against MSL 

5q 

Organizing the data about minimum and maximum daily 
calories (Select all that apply): 
I created a table to organize the data about minimum and 
maximum daily calories. 

Supports MSL for q, r, 
or s 

5r Organizing the data about minimum and maximum daily 
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calories (Select all that apply): 
Students created a table to organize the data about minimum 
and maximum daily calories. 

5s 
Organizing the data about minimum and maximum daily 
calories (Select all that apply): 
Students looked at Table 4.1.4 in the text or a hand-out. 

5t 

Organizing the data about minimum and maximum daily 
calories (Select all that apply): 
Students did research to find data about minimum and 
maximum daily calories 

Goes against MSL 

5u 

The difference between minimization and maximization 
problems (Select all that apply): 
I led a class discussion on the difference between 
minimization and maximization problems. 

Supports MSL 

5v 

The difference between minimization and maximization 
problems (Select all that apply): 
The students drew a graph, individually or in small groups, of 
a feasible region and compared the optimal solution in a 
minimization problem to the optimal solution in a 
maximization problem. 

Neutral 

5w 

The difference between minimization and maximization 
problems (Select all that apply): 
I drew a graph, in front of the class, of a feasible region and 
compared the optimal solution in a minimization problem to 
the optimal solution in a maximization problem. 

Neutral 

5x 

The difference between minimization and maximization 
problems (Select all that apply): 
Students looked at the graph in Figure 4.1.4 (or a similar 
graph) to see a visual representation of an optimal solution in 
a minimization problem. 

Supports MSL 

5y 

The difference between minimization and maximization 
problems (Select all that apply): 
I used Excel to show students the difference between 
minimization and maximization problems. 

Goes against MSL 

4.1.1 Problem Formulation (Select all that apply) 

6a 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for a or 
b 

6b 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to the students. 

Goes against PSL 
unless a is also 
checked, then Neutral 

6c 
Solving the problem (Select all that apply): 
I showed students how to solve this problem using Excel 
Solver. 

Goes against PSL 
unless d is also 
checked, then Neutral 

6d 
Solving the problem (Select all that apply): 
Students solved this problem using Excel Solver. 

Goes against MSL for 
either c or d 
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6e 
Solving the problem (Select all that apply): 
I gave students the solution to this problem. 

Goes against PSL 
unless d is also 
checked, then Neutral 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

7a 

Asking in-text questions #1-9   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-9 (but did not 
explicitly ask these questions). 

Supports MSL for at 
least 4 questions in a, 
b, or c; Goes against 
PSL for at least 4 
questions 

7b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-9:  

7c 
Students read the following questions out of in-text questions 
#1-9 out loud or individually:  

7d 
Answering in-text questions #1-9   
Students completed the following questions out of in-text 
questions #1-9 individually, in pairs, or in small groups 

Supports PSL for at 
least 4 questions 

7e 
Students provided the class with answers to the following 
questions out of in-text questions #1-9: 

Supports PSL for at 
least 4 questions 

7f 
I provided students the answers to the following questions out 
of in-text questions #1-9: 

Goes against PSL for 
at least 4 questions 
unless d or e, then 
Neutral 

8a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

8b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

8c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

8d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

8e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

9 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

9a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Malawi problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

9b 
If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Malawi problem that I read out loud to 

Goes against PSL if 
25% or above 
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the students 

10a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Malawi problem. 

Goes against MSL 

10b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Malawi problem. 

Neutral 

10c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

10d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

11 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

11a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

11b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem 

Neutral 

12a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Malawi portion to this chapter. 

Neutral 

12b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Malawi problem 
not listed in the previous statements, please describe what you 
did. 

 

 
 
Chapter 4: Finding Optimal Solutions—Linear Programming (Minimization) 
Section 4.2: Minimizing Cost to Reduce Phosphorus in Watersheds 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Watersheds problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Watersheds problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Watershed problem? 

Neutral 

3a During the Watershed problem, approximately what Neutral 
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percentage of time was spent working: 
Individually? 

3b 
During the Watershed problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Watershed problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for 

either c or d 
4d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e I led a discussion on water pollution. Supports PSL 
4f I led a discussion on phosphorus. Supports PSL 

4g 
Students researched the different types of water pollution on 
the Internet. 

Goes against PSL 

4h 
After doing some research, students calculated the percentage 
of phosphorus out of the entire body of water for each 
watershed. 

Goes against MSL; 
Goes against PSL 

4i 
I led a class discussion on why this is a minimization, not a 
maximization, problem. 

Supports MSL 

4j 

Using a table to organize the data about the amount of 
phosphorus per watershed (Select all that apply): 
I created a table to organize the data about the amount of 
phosphorus per watershed. 

Supports MSL for j, k, 
or l 4k 

Using a table to organize the data about the amount of 
phosphorus per watershed (Select all that apply): 
Students created a table to organize the data about the amount 
of phosphorus per watershed. 

4l 
Using a table to organize the data about the amount of 
phosphorus per watershed (Select all that apply): 
Students looked at Table 4.2.1 in the text or a hand-out. 

4m 

Using a table to organize the data about phosphorus reduction 
costs (Select all that apply): 
I created a table to organize the data about phosphorus 
reduction costs. Supports MSL for m, 

n, or o 

4n 
Using a table to organize the data about phosphorus reduction 
costs (Select all that apply): 
Students created a table to organize the data about phosphorus 
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reduction costs. 

4o 
Using a table to organize the data about phosphorus reduction 
costs (Select all that apply): 
Students looked at Table 4.2.2 in the text or a hand-out. 

5a 
4.2.1 Linear Programming Formulation (Select all that apply) 
I led a class discussion about why double-subscripted 
variables are appropriate for this problem. 

Supports MSL 

5b 
Using a matrix to define decision variables (Select all that 
apply): 
I created a matrix to define the decision variables. 

Supports MSL for b, 
c, or d 

5c 
Using a matrix to define decision variables (Select all that 
apply): 
Students created a matrix to define the decision variables. 

5d 
Using a matrix to define decision variables (Select all that 
apply): 
Students looked at Table 4.2.3 in the text or a hand-out. 

5e 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for e, f, 
or g 

5f 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to the students. 

5g 
Linear programming formulation (Select all that apply): 
Students read the linear programming formulation in the text 
or a hand-out. 
4.2.2 Using Excel Solver (Select all that apply) 

6a 
Setting up the LP formulation in Excel (Select all that apply): 
The students set up the linear programming formulation in 
Excel. 

Supports MSL for a, 
b, or c 

6b 
Setting up the LP formulation in Excel (Select all that apply): 
I set up the linear programming formulation in Excel and 
showed it to the students. 

6c 
Setting up the LP formulation in Excel (Select all that apply): 
Students looked at the linear programming formulation in 
Excel in the text or a hand-out. 

6d 
Solving the problem using Excel Solver (Select all that 
apply): 
The students solved the problem in Excel. 

Supports MSL for d, 
e, or f 

6e 
Solving the problem using Excel Solver (Select all that 
apply): 
I solved the problem in Excel and showed it to the students. 

6f Students read the solution in the text or a hand-out. 

6g 
Students identified the optimal solution and the total cost for 
this problem. 

Supports MSL 

4.2.3 Interpreting Results (Select all that apply) 
7a Generating an Answer Report (Select all that apply): Supports MSL for a, 
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Students generated an Answer Report for this problem. b, or c 

7b 
Generating an Answer Report (Select all that apply): 
I generated an Answer Report and showed it to the students. 

7c 
Generating an Answer Report (Select all that apply): 
Students read through the Answer Report in the text. 

7d 
Generating a Sensitivity Report (Select all that apply): 
Students generated a Sensitivity Report for this problem. 

Supports MSL for d, 
e, or f 

7e 
Generating a Sensitivity Report (Select all that apply): 
I generated a Sensitivity Report and showed it to the students.  

7f 
Generating a Sensitivity Report (Select all that apply): 
Students read through the Sensitivity Report in the text.   

7g 

Using the Answer and Sensitivity Reports (Select all that 
apply): 
I led a class discussion on Allowable Decrease in terms of the 
problem context. 

Supports MSL 

7h 

Using the Answer and Sensitivity Reports (Select all that 
apply): 
I led a class discussion on which constraints were binding and 
why. 

Supports MSL 

7i 

Using the Answer and Sensitivity Reports (Select all that 
apply): 
I led a class discussion on Shadow Price in terms of the 
problem context. 

Supports MSL 

7j 

Using the Answer and Sensitivity Reports (Select all that 
apply): 
I led a class discussion on what a negative Shadow Price 
means in terms of the problem context. 

Supports MSL 

7k 

Increasing the amount of reduction in urban storm runoff in 
the Lake Winnebago watershed by 1 kg (Select all that 
apply): 
Students increased the amount of reduction in urban storm 
runoff in the Lake Winnebago watershed by 1 kg to 12,001 
kg and saw the result in Excel. 

Supports MSL for k, l, 
or m 

7l 

Increasing the amount of reduction in urban storm runoff in 
the Lake Winnebago watershed by 1 kg (Select all that 
apply): 
I increased the amount of reduction in urban storm runoff in 
the Lake Winnebago watershed by 1 kg to 12,001 kg and 
showed students the result in Excel. 

7m 

Increasing the amount of reduction in urban storm runoff in 
the Lake Winnebago watershed by 1 kg (Select all that 
apply): 
Students read the text or a handout to see the result of 
increasing the amount of reduction in urban storm runoff in 
the Lake Winnebago watershed by 1 kg to 12,001 kg. 

7n Increasing the Lake Winnebago agricultural sources Supports MSL for n, 
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constraint by 1 kg (Select all that apply): 
Students increased the Lake Winnebago agricultural sources 
constraint by 1 kg to 6,001 kg and saw the result in Excel. 

o, or p 

7o 

Increasing the Lake Winnebago agricultural sources 
constraint by 1 kg (Select all that apply): 
I increased the Lake Winnebago agricultural sources 
constraint by 1 kg to 6,001 kg and showed students the result 
in Excel. 

7p 

Increasing the Lake Winnebago agricultural sources 
constraint by 1 kg (Select all that apply): 
Students read the text or a handout to see the result of 
increasing the Lake Winnebago agricultural sources 
constraint by 1 kg to 6,001 kg. 
Vocabulary (Select all that apply) 

8a 

Defining “double-subscripted variables” (Select all that 
apply): 
I told students a formal definition of double-subscripted 
variables. 

Supports MSL for a, 
b, c, or d 

8b 

Defining “double-subscripted variables” (Select all that 
apply): 
I told students an informal definition of double-subscripted 
variables. 

8c 

Defining “double-subscripted variables” (Select all that 
apply): 
Students read the definition of double-subscripted variables in 
the text or on a hand-out. 

8d 

Defining “double-subscripted variables” (Select all that 
apply): 
Students developed their own definition of double-
subscripted variables using clues from me and from the 
problem. 

8e 
Defining “matrix” (Select all that apply): 
I told students a formal definition of matrix. 

Supports MSL for e, f, 
g, or h 

8f 
Defining “matrix” (Select all that apply): 
I told students an informal definition of matrix. 

8g 
Defining “matrix” (Select all that apply): 
Students read the definition of matrix in the text or on a hand-
out. 

8h 
Defining “matrix” (Select all that apply): 
Students developed their own definition of matrix using clues 
from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

9a 
Asking in-text questions #1-18   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-18 (but did not 

Supports MSL for at 
least 9 questions in a, 
b, or c; Goes against 
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explicitly ask these questions): PSL for at least 9 
questions 

9b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-18:  

9c 
Students read the following questions out of in-text questions 
#1-18 out loud or individually:  

9d 
Answering in-text questions #1-18   
Students completed the following questions out of in-text 
questions #1-18 individually, in pairs, or in small groups 

Supports PSL for at 
least 9 questions 

9e 
Students provided the class with answers to the following 
questions out of in-text questions #1-18: 

Supports PSL for at 
least 9 questions 

9f 
I provided students the answers to the following questions out 
of in-text questions #1-18: 

Goes against PSL for 
at least 9 questions 
unless d or e, then 
Neutral 

10a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

10b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

10c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

10d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

10e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

11 Reading the Problem-Students did not read the problem at all. Goes against PSL 

11a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Watershed problem that students read 
themselves (out loud or individually) 

Supports PSL if 25% 
or above 

11b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Watershed problem that I read out loud 
to the students 

Goes against PSL if 
25% or above 

12a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Watershed problem. 

Neutral 

12b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Watershed problem. 

Neutral 

12c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 

Neutral 
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and/or objective coefficients in Excel. 

12d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

13 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

13a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

13b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

14a 
Other Activities-In addition to activities indicated previously, 
other activities were included in the Watershed portion to this 
chapter. 

Neutral 

14b 
Other Activities-Some of the activities above were adapted 
based on the needs of the class. 

Neutral 

 

If you indicated you did something in the Watershed problem 
not listed in the previous statements, please describe what you 
did. 

 

 
 
Chapter 4: Finding Optimal Solutions—Linear Programming (Minimization) 
Section 4.3: Disk Gasoline Distributors, Inc. 
 
The purpose of this teacher log is to gather information about your use of the MINDSET Disk 
Gasoline problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Disk Gasoline problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Disk Gasoline problem? 

Neutral 

3a 
During the Disk Gasoline problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Disk Gasoline problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Disk Gasoline problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 
4a Students completed a warm-up that (Select all that apply): Neutral 
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introduced new content. 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Introducing the problem context (Select all that apply): 
Students learned the context of the problem through a class 
discussion. Supports PSL for c or 

d 
4d 

Introducing the problem context (Select all that apply): 
Students learned the context of the problem by reading the 
book or a hand-out. 

4e 
Introducing the problem context (Select all that apply): 
I led a discussion on blending gasoline. 

Supports PSL 

4f 
Octane rating (Select all that apply): 
I led a discussion on octane rating. 

Supports PSL 

4g 
Octane rating (Select all that apply): 
After doing some research, students calculated the octane 
rating for the three refineries. 

Goes against MSL; 
Goes against PSL 

4h 
Vapor pressure (Select all that apply): 
I led a discussion on vapor pressure. 

Supports PSF 

4i 
Vapor pressure (Select all that apply): 
After doing some research, students calculated the vapor 
pressure for the three refineries. 

Goes against MSL; 
Goes against PSL 

4j 
Sulfur content (Select all that apply): 
I led a discussion on sulfur content. 

Supports PSF 

4k 
Sulfur content (Select all that apply): 
After doing some research, students calculated the sulfur 
content for the three refineries. 

Goes against MSL; 
Goes against PSL 

4l 
Olefins (Select all that apply): 
I led a discussion on olefins. 

Supports PSF 

4m 
Olefins (Select all that apply): 
After doing some research, students calculated the percentage 
of olefins for the three refineries. 

Goes against MSL; 
Goes against PSL 

4n 

Creating a table to organize the data about the three refineries 
(Select all that apply): 
I created a table to organize the data about the three 
refineries. 

Neutral 

4o 

Creating a table to organize the data about the three refineries 
(Select all that apply): 
Students created a table to organize the data about the three 
refineries. 

Neutral 

5a 
4.3.1 Linear Programming Formulation (Select all that apply) 
I led a class discussion about why a weighted average is 
appropriate to calculate the octane ratings in this problem. 

Supports MSL 

5b 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for b, 
c, or d 

5c Linear programming formulation (Select all that apply): 
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I developed the linear programming formulation for this 
problem and gave it to the students. 

5d 
Linear programming formulation (Select all that apply): 
Students read the linear programming formulation in the text 
or a hand-out. 
4.3.2 Excel Solver (Select all that apply) 

6a 
Setting up the LP formulation in Excel (Select all that apply): 
The students set up the linear programming formulation in 
Excel. 

Supports MSL for a, 
b, or c 

6b 
Setting up the LP formulation in Excel (Select all that apply): 
I set up the linear programming formulation in Excel and 
showed it to the students. 

6c 
Setting up the LP formulation in Excel (Select all that apply): 
Students looked the linear programming formulation in Excel 
in the text or a hand-out. 

6d 
Solving the problem using Excel Solver (Select all that 
apply): 
The students solved the problem in Excel. 

Supports MSL for d, 
e, or f 

6e 
Solving the problem using Excel Solver (Select all that 
apply): 
I solved the problem in Excel and showed it to the students. 

6f Students read the solution in the text or a hand-out. 

6g 
Students identified the optimal solution and the total cost for 
this problem. 

Supports MSL 

6h 
Interpreting the solution (Select all that apply): 
Students interpreted and analyzed the optimal solution and 
total cost in terms of the context of the problem. 

Supports MSL 

6i 
Interpreting the solution (Select all that apply): 
Students used an Answer Report to interpret and analyze the 
solution. 

Neutral 

6j 
Interpreting the solution (Select all that apply): 
Students used a Sensitivity Report to interpret and analyze the 
solution. 

Neutral 

Vocabulary (Select all that apply) 

7a 
Defining “weighted average” (Select all that apply): 
I told students a formal definition of weighted average. 

Supports MSL for a, 
b, c, or d 

7b 
Defining “weighted average” (Select all that apply): 
I told students an informal definition of weighted average. 

7c 
Defining “weighted average” (Select all that apply): 
Students read the definition of weighted average in the text or 
on a hand-out. 

7d 
Defining “weighted average” (Select all that apply): 
Students developed their own definition of weighted average 
using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  
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8a 

Asking in-text questions #1-15   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-15 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 7 questions in a, 
b, or c; Goes against 
PSL for at least 7 
questions 

8b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-15:  

8c 
Students read the following questions out of in-text questions 
#1-15 out loud or individually:  

8d 
Answering in-text questions #1-15   
Students completed the following questions out of in-text 
questions #1-15 individually, in pairs, or in small groups: 

Supports PSL for at 
least 7 questions 

8e 
Students provided the class with answers to the following 
questions out of in-text questions #1-15: 

Supports PSL for at 
least 7 questions 

8f 
I provided students the answers to the following questions out 
of in-text questions #1-15: 

Goes against PSL 
unless d or e, then 
Neutral 

9a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

9b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

9c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

9d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

9e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

10 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

10a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Disk Gasoline problem that students 
read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

10b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Disk Gasoline problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

11a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Disk Gasoline problem. 

Neutral 

11b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 

Neutral 
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Disk Gasoline problem. 

11c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

11d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

12 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

12a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

12b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

13a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Disk Gasoline portion to this chapter. 

Neutral 

13b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Disk Gasoline 
problem not listed in the previous statements, please describe 
what you did. 

 

 
 
Chapter 5: Finding Optimal Solutions—Integer Programming 
Section 5.1: Political Advertising 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Political Advertising problem. Parts of teachers’ plans and expectations for lessons often 
occur as anticipated, but lessons sometimes change during instruction for a variety of 
reasons. Please answer the following questions about what took place during your 
implementation of the Political Advertising problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Political Advertising problem? 

Neutral 

3a 
During the Political Advertising problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Political Advertising problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c During the Political Advertising problem, approximately what Neutral 
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percentage of time was spent working: 
As a whole class? 
Introducing the Problem (Select all that apply)   

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. 

Supports PSL for c or 
d 

4d 
Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

  

4e I led a discussion on political advertising. Supports PSL 

4f 
I showed students a political ad (any type of ad, such as 
television, newspaper, direct mailing, etc.). 

Neutral 

Exploring the Problem (Select all that apply)   

5a 
I led a class discussion on the possible values for x1 and x2 in 
the equation 80x1 + 60x2 = 600. 

Supports MSL 

5b I led a class discussion on linear Diophantine equation. Supports MSL 

5c 
I led a class discussion on the possible values for x1 and x2 in 
the equation 80x1 + 60x2 = 650. 

Supports MSL 

5d 
I led a class discussion on the connection between greatest 
common divisors and linear Diophantine equations. 

Supports MSL 

5e 
I led a class discussion on the difference between linear 
programming and integer programming problems. 

Supports MSL 

5f 
Graphing the feasible region (Select all that apply): 
Students graphed the feasible region. Supports MSL for f, g, 

or h 
  
  

5g 
Graphing the feasible region (Select all that apply): 
I graphed the feasible region and showed it to my students. 

5h 
Graphing the feasible region (Select all that apply): 
Students saw the feasible region in the text or a hand-out. 

5i 
Graphing the feasible region with lattice points (Select all that 
apply): 
Students graphed the feasible region showing lattice points. 

Supports MSL for i, j, 
or k 
  
  

5j 

Graphing the feasible region with lattice points (Select all that 
apply): 
I graphed the feasible region showing lattice points and 
showed it to my students. 

5k 

Graphing the feasible region with lattice points (Select all that 
apply): 
Students saw the feasible region showing lattice points in the 
text or a hand-out. 

 
5.1.1 The Effectiveness of Political Advertising (Select all 
that apply) 
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6a I led a class discussion on the various media for political ads. Neutral 
6b I led a class discussion on the pros and cons of surveys. Goes against MSL 
6c I led a class discussion on the assumptions in this problem. Supports MSL 

6d 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for d, 
e, or f; Supports PSL 

6e 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
problem and gave it to the students. 

Goes against PSL 
unless d, then Neutral 

6f 
Linear programming formulation (Select all that apply): 
Students read the linear programming formulation in the text 
or a hand-out. 

Goes against PSL 
unless d, then Neutral 

6g 
Solving the problem (Select all that apply): 
The students solved the problem in Excel. 

Supports MSL for any 
g-k; Supports PSL for 
g or h 
  

6h 
Solving the problem (Select all that apply): 
The students solved the problem by hand. 

6i 
Solving the problem (Select all that apply): 
I solved the problem in Excel and showed it to the students. 

Goes against PSL for i 
or j unless g or h, then 
Neutral 
  

6j 
Solving the problem (Select all that apply): 
I solved the problem by hand and showed it to the students. 

6k 
Solving the problem (Select all that apply): 
Students read the solution in the text or a hand-out. 

  

6l 
Solving the problem (Select all that apply): 
Students identified the optimal solution for this problem. 

Supports MSL 

7a 

5.1.2 The Kernel of the Problem (Select all that apply) 
Students calculated the optimal solution using linear 
programming techniques before they calculated the optimal 
solution using integer programming. 

Supports MSL 

7b 
Rounding the solution (Select all that apply): 
I told students to round (2.875, 7) to (3, 7) to find the correct 
answer. 

Goes against MSL 

7c 
Rounding the solution (Select all that apply): 
I led a class discussion about why (2.875, 7) cannot be 
rounded to (3, 7) in this example. 

Supports MSL 

7d 
Identifying and discussing the kernel (Select all that apply): 
I showed students how to identify the kernel. 

Supports MSL 

7e 
Identifying and discussing the kernel (Select all that apply): 
I led a class discussion on the importance of the kernel. 

Supports MSL 

7f 
Graphing the kernel (Select all that apply): 
Students drew a graph of the feasible region with lattice 
points and the kernel. Supports MSL for f, g, 

or h 
  
  

7g 
Graphing the kernel (Select all that apply): 
I drew a graph of the feasible region with lattice points and 
the kernel. 

7h 
Graphing the kernel (Select all that apply): 
Students read the text or a hand-out to see a graph of the 



486 
 
 
 

 

feasible region with lattice points and the kernel. 

7i 

Evaluating the objective function for the kernel (Select all 
that apply): 
Students evaluated the objective function for the kernel points 
to find the optimal solution. 

Supports MSL for i, j, 
or k 
  
  

7j 

Evaluating the objective function for the kernel (Select all 
that apply): 
I evaluated the objective function for the kernel points to find 
the optimal solution for the students. 

7k 

Evaluating the objective function for the kernel (Select all 
that apply): 
Students read the text or a handout to see the objective 
function evaluated for the kernel points to find the optimal 
solution. 

7l 
Using Excel Solver to find the optimal solution (Select all 
that apply): 
I showed students how to choose integer constraints in Excel. 

Supports MSL 

7m 
Using Excel Solver to find the optimal solution (Select all 
that apply): 
The students solved the problem in Excel. 

Supports MSL for m, 
n, or o; Supports PSL 

7n 
Using Excel Solver to find the optimal solution (Select all 
that apply): 
I solved the problem in Excel and showed it to the students. 

Goes against PSL 
unless m, then Neutral 

7o Students read the solution in the text or a hand-out. 
Goes against PSL 
unless m, then Neutral 

7p 
Students interpreted the solution in terms of the problem 
context. 

Supports MSL 

8a 

5.1.3 Gearing Up for the Election (Select all that apply) 
Students saw the effectiveness, percentage of population 
reached, and cost for the new media (radio, Internet, direct 
mailings, and billboards). 

Supports MSL 

8b 
Integer programming formulation (Select all that apply): 
The students developed the integer programming formulation 
for this new problem. 

Supports MSL for b, 
c, or d; Supports PSL 

8c 
Integer programming formulation (Select all that apply): 
I developed the integer programming formulation for this new 
problem and gave it to the students. 

Goes against PSL 
unless b, then Neutral 

8d 
Integer programming formulation (Select all that apply): 
Students read the integer programming formulation in the text 
or a hand-out. 

Goes against PSL 
unless b, then Neutral 

8e 
Setting up the IP formulation in Excel (Select all that apply): 
The students set up the integer programming formulation for 
this new problem in Excel. 

Supports MSL for e, f, 
or g; Supports PSL 

8f 
Setting up the IP formulation in Excel (Select all that apply): 
I set up the integer programming formulation for this new 
problem in Excel and showed it to the students. 

Goes against PSL 
unless e, then Neutral 
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8g 
Setting up the IP formulation in Excel (Select all that apply): 
Students looked the integer programming formulation for this 
new problem in Excel in the text or a hand-out. 

Goes against PSL 
unless e, then Neutral 

8h 
Solving the problem using Excel Solver (Select all that 
apply): 
The students solved the problem in Excel. 

Supports MSL for h, i, 
or j; Supports PSL 

8i 
Solving the problem using Excel Solver (Select all that 
apply): 
I solved the problem in Excel and showed it to the students. 

Goes against PSL 
unless h, then Neutral 

8j Students read the solution in the text or a hand-out. 
Goes against PSL 
unless h, then Neutral 

8k 
Students interpreted the solution in terms of the problem 
context. 

Supports MSL 

9a 
5.1.4 Adding Another Requirement (Select all that apply) 
I led a class discussion on why Ms. Brown may want to send 
out at least one direct mailing each week. 

Neutral 

9b 
Integer programming formulation (Select all that apply): 
The students developed the integer programming formulation 
for this new problem. 

Supports MSL for b, 
c, or d; Supports PSL 

9c 
Integer programming formulation (Select all that apply): 
I developed the integer programming formulation for this new 
problem and gave it to the students. 

Goes against PSL 
unless b, then Neutral 

9d 
Integer programming formulation (Select all that apply): 
Students read the integer programming formulation in the text 
or a hand-out. 

Goes against PSL 
unless b, then Neutral 

9e 
Setting up the IP formulation in Excel (Select all that apply): 
The students set up the integer programming formulation for 
this new problem in Excel. 

Supports MSL for e, f, 
or g; Supports PSL 

9f 
Setting up the IP formulation in Excel (Select all that apply): 
I set up the integer programming formulation for this new 
problem in Excel and showed it to the students. 

Goes against PSL 
unless e, then Neutral 

9g 
Setting up the IP formulation in Excel (Select all that apply): 
Students looked the integer programming formulation for this 
new problem in Excel in the text or a hand-out. 

Goes against PSL 
unless e, then Neutral 

9h 
Solving the problem using Excel Solver (Select all that 
apply): 
The students solved the problem in Excel. 

Supports MSL for h, i, 
or j; Supports PSL 

9i 
Solving the problem using Excel Solver (Select all that 
apply): 
I solved the problem in Excel and showed it to the students. 

Goes against PSL 
unless h, then Neutral 

9j Students read the solution in the text or a hand-out. 
Goes against PSL 
unless h, then Neutral 

9k 
Students interpreted the solution in terms of the problem 
context. 

Supports MSL 

Vocabulary (Select all that apply)   
10a Defining “integer programming” (Select all that apply): Supports MSL for any 
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I told students a formal definition of integer programming. a-d 
  
  
  

10b 
Defining “integer programming” (Select all that apply): 
I told students an informal definition of integer programming. 

10c 
Defining “integer programming” (Select all that apply): 
Students read the definition of integer programming in the 
text or on a hand-out. 

10d 
Defining “integer programming” (Select all that apply): 
Students developed their own definition of integer 
programming using clues from me and from the problem. 

10e 
Defining “feasible region” (Select all that apply): 
I told students a formal definition of feasible region. 

Supports MSL for any 
e-h 
  
  
  

10f 
Defining “feasible region” (Select all that apply): 
I told students an informal definition of feasible region. 

10g 
Defining “feasible region” (Select all that apply): 
Students read the definition of feasible region in the text or on 
a hand-out. 

10h 
Defining “feasible region” (Select all that apply): 
Students developed their own definition of feasible region 
using clues from me and from the problem. 

10i 
Defining “lattice points” (Select all that apply): 
I told students a formal definition of lattice points. 

Supports MSL for any 
i-l 

10j 
Defining “lattice points” (Select all that apply): 
I told students an informal definition of lattice points. 

10k 
Defining “lattice points” (Select all that apply): 
Students read the definition of lattice points in the text or on a 
hand-out. 

10l 
Defining “lattice points” (Select all that apply): 
Students developed their own definition of lattice points using 
clues from me and from the problem. 

10m 
Defining “kernel” (Select all that apply): 
I told students a formal definition of kernel. 

Supports MSL for any 
m-p 

10n 
Defining “kernel” (Select all that apply): 
I told students an informal definition of kernel. 

10o 
Defining “kernel” (Select all that apply): 
Students read the definition of kernel in the text or on a hand-
out. 

10p 
Defining “kernel” (Select all that apply): 
Students developed their own definition of kernel using clues 
from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions) 

  

11a 

Asking in-text questions #1-42   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-42 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 21 questions for 
a, b, or c; Goes 
against PSL for at 
least 21 questions 
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11b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-42: 

  

11c 
Students read the following questions out of in-text questions 
#1-42 out loud or individually: 

  

11d 
Answering in-text questions #1-42  
Students completed the following questions out of in-text 
questions #1-42 individually, in pairs, or in small groups: 

Supports PSL for at 
least 21 questions 

11e 
Students provided the class with answers to the following 
questions out of in-text questions #1-42: 

Supports PSL for at 
least 21 questions 

11f 
I provided students the answers to the following questions out 
of in-text questions #1-42: 

Goes against PSL 
unless d or e, then 
Neutral 

12a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

12b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

12c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

12d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

12e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

13 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

13a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Political Advertising problem that 
students read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

13b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Political Advertising problem that I 
read out loud to the students 

Goes against PSL if 
25% or above 

14a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Political Advertising problem. 

Neutral 

14b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Political Advertising problem. 

Neutral 

14c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

14d Technology (Select all that apply) Neutral 
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Students used calculators to do arithmetic calculations. 

15 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

15a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

15b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

16a 

Other Activities 
In addition to activities indicated previously, other activities 
were included in the Political Advertising portion to this 
chapter. 

Neutral 

16b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Political 
Advertising problem not listed in the previous statements, 
please describe what you did. 

  

 
 
Chapter 5: Finding Optimal Solutions—Integer Programming 
Section 5.2: Opening and Operating the Pizza Palace 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Pizza Palace problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Pizza Palace problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Pizza Palace problem? 

Neutral 

3a 
During the Pizza Palace problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Pizza Palace problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Pizza Palace problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 
4a Students completed a warm-up that (Select all that apply): Neutral 
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introduced new content. 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for c or 

d 
4d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e I led a class discussion on owning and operating a restaurant. Neutral 
4f I led a class discussion on the different types of employees. Supports MSL 

4g 
Students shared their personal experiences working in 
restaurants. 

Neutral 

4h 
Students predicted how many of each type of employee Ms. 
Johnson should hire before solving the problem.  

Supports MSL 

4i 
Creating a table to organize the data (Select all that apply): 
I created a table to organize the data about the different types 
of employees. 

Neutral 

4j 
Creating a table to organize the data (Select all that apply): 
Students created a table to organize the data about the 
different types of employees. 

Neutral 

5.2.1 Problem Formulation (Select all that apply) 

5a 
Integer programming formulation (Select all that apply): 
The students developed the integer programming formulation 
for this problem. 

Supports MSL for a, 
b, or c 

5b 
Integer programming formulation (Select all that apply): 
I developed the integer programming formulation for this 
problem and gave it to the students. 

5c 
Integer programming formulation (Select all that apply): 
Students read the integer programming formulation in the text 
or a hand-out. 

5d 
Setting up the IP formulation in Excel (Select all that apply): 
Students set up the integer programming formulation for this 
problem in Excel. 

Supports MSL for d, 
e, or f 

5e 
Setting up the IP formulation in Excel (Select all that apply): 
I set up the integer programming formulation for this problem 
in Excel and showed it to the students. 

5f 
Setting up the IP formulation in Excel (Select all that apply): 
Students looked the integer programming formulation for this 
problem in Excel in the text or a hand-out. 

5g 
Solving the problem using Excel Solver (Select all that 
apply): 
Students solved the problem in Excel. Supports MSL for g, 

h, or i 
5h 

Solving the problem using Excel Solver (Select all that 
apply): 
I solved the problem in Excel and showed it to the students. 
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5i 
Solving the problem using Excel Solver (Select all that 
apply): 
Students read the solution in the text or a hand-out. 

5j 
Interpreting the solution (Select all that apply): 
Students interpreted the solution in terms of the problem 
context. 

Supports MSL 

5k 
Interpreting the solution (Select all that apply): 
Students used Excel Solver to explore the sensitivity of the 
solution. 

Supports MSL 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

6a 

Asking in-text questions #1-8   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-8 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 4 questions in a, 
b, or c; Goes against 
PSL for at least 4 
questions 

6b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-8:  

6c 
Students read the following questions out of in-text questions 
#1-8 out loud or individually:  

6d 
Answering in-text questions #1-8   
Students completed the following questions out of in-text 
questions #1-8 individually, in pairs, or in small groups: 

Supports PSL for at 
least 4 questions 

6e 
Students provided the class with answers to the following 
questions out of in-text questions #1-8: 

Supports PSL for at 
least 4 questions 

6f 
I provided students the answers to the following questions out 
of in-text questions #1-8: 

Goes against PSL 
unless d or e, then 
Neutral 

7a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

7b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

7c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

7d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

7e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

8 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

8a 
If students read the problem (fill in the percentages; these do 
not need to add to 100%): 

Supports PSL if 25% 
or above 
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The percentage of the Pizza Palace problem that students read 
themselves (out loud or individually) 

8b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Pizza Palace problem that I read out 
loud to the students 

Goes against PSL if 
25% or above 

9a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Pizza Palace problem. 

Supports MSL 

9b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Pizza Palace problem. 

Neutral 

  
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

9c 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

10 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

10a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

10b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

11a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Pizza Palace portion to this chapter. 

Neutral 

11b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Pizza Palace 
problem not listed in the previous statements, please describe 
what you did. 

 

 
 
Chapter 5: Finding Optimal Solutions—Integer Programming 
Section 5.3: Transporting Oranges to Midwest Markets 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Orange Transportation problem. Parts of teachers’ plans and expectations for lessons often 
occur as anticipated, but lessons sometimes change during instruction for a variety of 
reasons. Please answer the following questions about what took place during your 
implementation of the Orange Transportation problem in your classroom. 
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Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Orange Transportation problem? 

Neutral 

3a 
During the Orange Transportation problem, approximately 
what percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Orange Transportation problem, approximately 
what percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Orange Transportation problem, approximately 
what percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for c or 

d 
4d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e I led a discussion on logistics. Supports MSL 

4f 
Students used the Internet to determine the validity of the 
model. 

Neutral 

 
5.3.1 Hercules Transport: Moving Oranges across the 
Country (Select all that apply)  

5a 
I led a discussion on why this problem is not an integer 
programming problem. 

Supports MSL 

5b 
Students used mapquest.com to verify the numbers found in 
Table 5.3.1. 

Goes against MSL 

5c 
Students multiplied each value in Table 5.3.1 by $1.40 to find 
the values in Table 5.3.2. 

Goes against MSL 

5.3.2 Model Formulation (Select all that apply) 

6a 
I led a class discussion on whether this was a maximization or 
a minimization problem. 

Neutral 

6b 
Students used double subscripted decision variables in this 
problem. 

Supports MSL 

6c 
Linear programming formulation (Select all that apply): 
The students developed the linear programming formulation 
for this problem. 

Supports MSL for c, 
d, or e 

6d 
Linear programming formulation (Select all that apply): 
I developed the linear programming formulation for this 
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problem and gave it to the students. 

6e 
Linear programming formulation (Select all that apply): 
Students read the linear programming formulation in the text 
or a hand-out. 

6f 

Integer solutions in transportation problems (Select all that 
apply): 
I led a class discussion on the general structure of a 
transportation problem (Figure 5.3.1). 

Supports MSL 

6g 

Integer solutions in transportation problems (Select all that 
apply): 
I explained to students why transportation problems will 
always have integer solutions. Supports MSL for g or 

h 

6h 

Integer solutions in transportation problems (Select all that 
apply): 
Students read about integer solutions in transportation 
problems in the text or a hand-out. 

6i 

Integer solutions in transportation problems (Select all that 
apply): 
I gave students a mathematical proof showing why the 
structure of a transportation problem forces integer solutions. 

Goes against MSL 

6j 

Integer solutions in transportation problems (Select all that 
apply): 
I told students to include integer constraints in this problem, 
even though they are not necessary. 

Goes against MSL 

6k 

Integer solutions in transportation problems (Select all that 
apply): 
I led a class discussion on why one would not want to include 
integer constraints. 

Supports MSL 

 
5.3.3 Optimal Solution and Sensitivity Analysis (Select all 
that apply)  

7a 
Using Excel Solver to find the optimal solution (Select all 
that apply): 
The students solved the problem in Excel. 

Supports MSL for a, 
b, or c 

7b 
Using Excel Solver to find the optimal solution (Select all 
that apply): 
I solved the problem in Excel and showed it to the students. 

7c Students read the solution in the text or a hand-out. 

7d 
Students interpreted the optimal solution in terms of the 
problem context. 

Supports MSL 

7e 
Sensitivity Report (Select all that apply): 
Students generated a Sensitivity Report. 

Supports MSL for e, f, 
or g 

7f 
Sensitivity Report (Select all that apply): 
I generated a Sensitivity Report and showed it to the students. 

7g 
Sensitivity Report (Select all that apply): 
Students read the Sensitivity Report in the text or a hand-out. 

7h Sensitivity Report (Select all that apply): Supports MSL 
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Students interpreted the meaning of the negative shadow 
price for Florida’s supply constraint. 

7i 

New linear programming formulation with non-integer 
constraints (Select all that apply): 
The students developed the new linear programming 
formulation with non-integer constraints. 

Supports MSL for i, j, 
or k 

7j 

New linear programming formulation with non-integer 
constraints (Select all that apply): 
I developed the new linear programming formulation with 
non-integer constraints and gave it to the students. 

7k 

New linear programming formulation with non-integer 
constraints (Select all that apply): 
Students read the new linear programming formulation with 
non-integer constraints in the text or a hand-out. 

7l 
Using Excel Solver to find the new optimal solution (Select 
all that apply): 
The students solved the new problem in Excel. 

Supports MSL for l, 
m, or n 

7m 

Using Excel Solver to find the new optimal solution (Select 
all that apply): 
I solved the new problem in Excel and showed it to the 
students. 

7n Students read the new solution in the text or a hand-out. 

7o 
Students interpreted the new solution in terms of the problem 
context. 

Supports MSL 

Vocabulary (Select all that apply) 

8a 
Defining “logistics” (Select all that apply): 
I told students a formal definition of logistics. 

Supports MSL for any 
a-d 

8b 
Defining “logistics” (Select all that apply): 
I told students an informal definition of logistics. 

8c 
Defining “logistics” (Select all that apply): 
Students read the definition of logistics in the text or on a 
hand-out. 

8d 
Defining “logistics” (Select all that apply): 
Students developed their own definition of logistics using 
clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

9a 

Asking in-text questions #1-5   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-5 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 2 questions in a, 
b, or c; Goes against 
PSL for at least 2 
questions 

9b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-5:  

9c 
Students read the following questions out of in-text questions 
#1-5 out loud or individually:  
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9d 
Answering in-text questions #1-5   
Students completed the following questions out of in-text 
questions #1-5 individually, in pairs, or in small groups: 

Supports PSL for at 
least 2 questions 

9e 
Students provided the class with answers to the following 
questions out of in-text questions #1-5: 

Supports PSL for at 
least 2 questions 

9f 
I provided students the answers to the following questions out 
of in-text questions #1-5: 

Goes against PSL 
unless d or e, then 
Neutral 

10a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

10b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

10c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

10d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

10e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

11 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

11a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Orange Transportation problem that 
students read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

11b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Orange Transportation problem that I 
read out loud to the students 

Goes against PSL if 
25% or above 

12a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Orange Transportation problem. 

Neutral 

12b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Orange Transportation problem. 

Neutral 

12c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

12d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

13 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 
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13a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

13b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

14a 

Other Activities 
In addition to activities indicated previously, other activities 
were included in the Orange Transportation portion to this 
chapter. 

Neutral 

14b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Orange 
Transportation problem not listed in the previous statements, 
please describe what you did. 

 

 
 
Chapter 6: Finding Optimal Solutions—Binary Programming 
Section 6.0: Introduction 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Jarvis Selects Projects problem. Parts of teachers’ plans and expectations for lessons often 
occur as anticipated, but lessons sometimes change during instruction for a variety of 
reasons. Please answer the following questions about what took place during your 
implementation of the Jarvis Selects Projects problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Jarvis Selects Projects problem? 

Neutral 

3a 
During the Jarvis Selects Projects problem, approximately 
what percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Jarvis Selects Projects problem, approximately 
what percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Jarvis Selects Projects problem, approximately 
what percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c Students learned the context of the problem through (Select Supports PSL for c or 
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all that apply): 
a class discussion. 

d 

4d 
Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e 
I led a class discussion on binary decision variables and 
where they may be found. 

Supports MSL 

4f 
I led a class discussion on the types of projects Jarvis may be 
doing. 

Neutral 

4g 
I led a class discussion on what Jarvis must consider besides 
time and money. 

Neutral 

4h 
I introduced an additional project, besides Project 1 and 
Project 2, for students to consider. 

Goes against MSL 

4i 
Marginal value of each project (Select all that apply): 
Students calculated the marginal value of Project 1. 

Goes against MSL 

4j 
Marginal value of each project (Select all that apply): 
Students calculated the marginal value of Project 2. 

Goes against MSL 

4k 
Marginal value of each project (Select all that apply): 
Students calculated the ratio of Project 1’s marginal value to 
Project 2’s marginal value. 

Goes against MSL 

4l 
Binary programming formulation (Select all that apply): 
The students developed the binary programming formulation 
for this problem. 

Supports MSL for l, 
m, or n; Supports PSL 

4m 
Binary programming formulation (Select all that apply): 
I developed the binary programming formulation for this 
problem and gave it to the students. 

 

4n 
Binary programming formulation (Select all that apply): 
Students read the binary programming formulation in the text 
or a hand-out. 

 

Analyzing the Problem (Select all that apply) 

5a 
Students analyzed the constraint 7x1 + 11x2 ≤ A by 
substituting various values in for A. 

Supports MSL 

5b 
I led a class discussion on why changing the value of A may 
or may not change the optimal solution. 

Supports MSL 

5c 
I led a class discussion on why Solver does not generate a 
Sensitivity Report for binary programming problems. 

Supports MSL 

5d 

The difference between binary programming and other topics 
(Select all that apply): 
I led a class discussion on the difference between sensitivity 
analysis in binary programming and sensitivity analysis in 
linear programming. 

Supports MSL 

5e 

The difference between binary programming and other topics 
(Select all that apply): 
I led a class discussion on the general differences between 
binary programming and linear programming. 

Neutral 

5f The difference between binary programming and other topics Goes against MSL 
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(Select all that apply): 
I led a class discussion on the difference between sensitivity 
analysis in binary programming and sensitivity analysis in 
integer programming. 

5g 

The difference between binary programming and other topics 
(Select all that apply): 
I led a class discussion on the general differences between 
binary programming and integer programming. 

Goes against MSL 

5h 

The difference between binary programming and other topics 
(Select all that apply): 
I led a class discussion on the differences between binary 
programming and Multi-Criteria Decision-Making (MCDM). 

Goes against MSL 

Vocabulary (Select all that apply) 

6a 
Defining “binary decision variables” (Select all that apply): 
I told students a formal definition of binary decision 
variables. 

Supports MSL for any 
a-d 

6b 
Defining “binary decision variables” (Select all that apply): 
I told students an informal definition of binary decision 
variables. 

6c 
Defining “binary decision variables” (Select all that apply): 
Students read the definition of binary decision variables in the 
text or on a hand-out. 

6d 
Defining “binary decision variables” (Select all that apply): 
Students developed their own definition of binary decision 
variables using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

7a 

Asking in-text questions #1-10   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-10 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 5 questions in a, 
b, or c; Goes against 
PSL for at least 5 
questions 

7b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-10:  

7c 
Students read the following questions out of in-text questions 
#1-10 out loud or individually:  

7d 
Answering in-text questions #1-10   
Students completed the following questions out of in-text 
questions #1-10 individually, in pairs, or in small groups: 

Supports PSL for at 
least 5 questions 

7e 
Students provided the class with answers to the following 
questions out of in-text questions #1-10: 

Supports PSL for at 
least 5 questions 

7f 
I provided students the answers to the following questions out 
of in-text questions #1-10: 

Goes against PSL 
unless d or e, then 
Neutral 

8a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 

Neutral 
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teaching the lesson. 

8b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 

8c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

8d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

8e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

9 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

9a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Jarvis Selects Projects problem that 
students read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

9b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Jarvis Selects Projects problem that I 
read out loud to the students 

Goes against PSL if 
25% or above 

10a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Jarvis Selects Projects problem. 

Goes against MSL 

10b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Jarvis Selects Projects problem. 

Goes against MSL 

10c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Goes against MSL 

10d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

11 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

11a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

11b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

12a 

Other Activities 
In addition to activities indicated previously, other activities 
were included in the Jarvis Selects Projects portion to this 
chapter. 

Neutral 

12b Other Activities Neutral 
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Some of the activities above were adapted based on the needs 
of the class. 

 

If you indicated you did something in the Jarvis Selects 
Projects problem not listed in the previous statements, please 
describe what you did. 

 

 
 
Chapter 6: Finding Optimal Solutions—Binary Programming 
Section 6.1: Flipping Houses 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Flipping Houses problem. Parts of teachers’ plans and expectations for lessons often occur as 
anticipated, but lessons sometimes change during instruction for a variety of reasons. Please 
answer the following questions about what took place during your implementation of the 
Flipping Houses problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Flipping Houses problem? 

Neutral 

3a 
During the Flipping Houses problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Flipping Houses problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Flipping Houses problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply): 
a class discussion. Supports PSL for c or 

d 
4d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e I showed the students a video on flipping houses. Neutral 
4f I led a class discussion on summer jobs students have had. Goes against PSL 

4g 
Using a table to organize the data (Select all that apply): 
I created a table to organize the data about each grandchild 
and his/her skills. 

Supports MSL for g, 
h, or i 
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4h 
Using a table to organize the data (Select all that apply): 
Students created a table to organize the data about each 
grandchild and his/her skills. 

4i 
Using a table to organize the data (Select all that apply): 
Students read the book or a handout to see a table organizing 
the data about each grandchild and his/her skills.  

4j 
Students did research on different types of skills required to 
restore a house. 

Goes against PSL 

4k 
Students did research on houses for sale and possible resale 
values. 

Goes against PSL 

4l I led a class discussion on profit and cost. Neutral 

4m 
Students calculated how many total hours there were 
available to work. 

Supports MSL 

4n 
Students predicted how many hours the grandchildren would 
spend on each of their skills (i.e., plumbing, carpentry, 
landscaping, painting, and cleaning). 

Goes against MSL 

6.1.1 Problem Formulation (Select all that apply) 

5a 
Students determined all the combinations of houses Mr. Dale 
could afford to purchase with $500,000. 

Goes against MSL 

5b 
Students determined the largest number of houses Mr. Dale 
could afford to purchase with $500,000. 

Goes against MSL 

5c 
I led a class discussion on what a binary decision variable 
means in terms of this problem context.  

Supports MSL 

5d 
Objective function (Select all that apply): 
I developed the objective function and gave it to the students. 

Supports MSL for d, 
e, or f 

5e 
Objective function (Select all that apply): 
Students developed the objective function individually or in 
small groups. 

 

5f 
Objective function (Select all that apply): 
Students read the objective function in the text or a hand-out.  

5g 
Summation notation (Select all that apply): 
Students rewrote the objective function using summation 
notation. 

Neutral 

5h 
Summation notation (Select all that apply): 
I chose to not use summation notation at all in this problem. 

Neutral 

5i 
Summation notation (Select all that apply): 
Appendix A was used to introduce summation notation to the 
students. 

Neutral 

5j 

Variable notation for the total cost constraint (Select all that 
apply): 
The variables introduced in the text (i.e., Hi, Mi, and Ci) were 
used throughout this problem. 

Supports MSL 

5k 

Variable notation for the total cost constraint (Select all that 
apply): 
Other variables were used besides Hi, Mi, and Ci to represent 
the cost to purchase house i, the cost of materials for house i, 

Neutral 
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and any contractor’ costs for house i, respectively. 

5l 

Variable notation for the total cost constraint (Select all that 
apply): 
Variables were not used for the total cost constraint; instead 
each house had its own separate constraint for total cost. 

Goes against MSL 

5m 

Variable notation for the other constraints (Select all that 
apply): 
The variables introduced in the text (i.e., pi, qi, ri, si, and ti) 
were used throughout this problem. 

Supports MSL 

5n 

Variable notation for the other constraints (Select all that 
apply): 
Other variables were used besides pi, qi, ri, si, and ti to 
represent the number of plumbing hours required for house i, 
the number of painting hours required for house i, the number 
of landscaping hours required for house i, the number of 
carpentry hours required for house i, and the total number of 
hours required for house i, respectively 

Neutral 

5o 

Variable notation for the other constraints (Select all that 
apply): 
Variables were not used; instead each house had its own 
separate constraints. 

Goes against MSL 

5p 
Developing the constraints (Select all that apply): 
Students developed the constraints for this problem 
independently or in small groups. 

Supports MSL for p, 
q, or r 

5q 
Developing the constraints (Select all that apply): 
I developed the constraints for this problem and gave them to 
the students. 

 

5r 
Developing the constraints (Select all that apply): 
Students read the constraints for this problem in the text or a 
hand-out. 

 

5s 
I led a class discussion about why a cleaning constraint is not 
necessary. 

Supports MSL 

5t Students saw the value and cost of each house (Table 6.1.2). Supports MSL 

5u 
Students calculated the value and cost of other houses not 
included in this problem, based on real estate research. 

Goes against MSL 

5v Students saw the labor hours for each house (Table 6.1.3). Supports MSL 

5w 
Students calculated the labor hours for other houses not 
included in this problem, based on research. 

Goes against MSL 

6.1.2 Solving the Problem (Select all that apply) 

6a 
Solving the problem (Select all that apply): 
The students solved the problem in Excel. 

Supports MSL for a, 
b, or c 

6b 
Solving the problem (Select all that apply): 
I solved the problem in Excel and showed it to the students. 

6c 
Solving the problem (Select all that apply): 
Students read the solution in the text or a hand-out. 

6d Solving the problem (Select all that apply): Goes against MSL 
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Students solved the problem first using linear programming 
techniques (without the binary constraint) and then added in 
the binary constraint. 

6e 
Solving the problem (Select all that apply): 
Students used another method (besides Excel Solver) to find 
the solution to this problem. 

Goes against MSL 

6f 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students interpreted the solution presented in the text or a 
hand-out. Supports MSL for f or 

g 

6g 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students used Excel Solver to interpret the solution they 
found. 

6h 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students calculated the number of hours each grandchild will 
work on each job. 

Goes against MSL 

6i 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students determined whether some grandchildren will work 
more than other grandchildren. 

Goes against MSL 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

7a 

Asking in-text questions #1-18   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-18 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 9 questions in a, 
b, or c; Goes against 
PSL for at least 9 
questions 

7b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-18:  

7c 
Students read the following questions out of in-text questions 
#1-18 out loud or individually:  

7d 
Answering in-text questions #1-18   
Students completed the following questions out of in-text 
questions #1-18 individually, in pairs, or in small groups: 

Supports PSL for at 
least 9 questions 

7e 
Students provided the class with answers to the following 
questions out of in-text questions #1-18: 

Supports PSL for at 
least 9 questions 

7f 
I provided students the answers to the following questions out 
of in-text questions #1-18: 

Goes against PSL 
unless d or e, then 
Neutral 

8a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

8b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 

Neutral 
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teaching the lesson. 

8c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

8d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

8e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

9 
Reading the Problem 
Students did not read the problem at all. 

Goes against PSL 

9a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Flipping Houses problem that students 
read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

9b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Flipping Houses problem that I read 
out loud to the students 

Goes against PSL if 
25% or above 

10a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Flipping Houses problem. 

Neutral 

10b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Flipping Houses problem. 

Neutral 

10c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

10d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

11 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

11a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

11b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

12a 
Other Activities 
In addition to activities indicated previously, other activities 
were included in the Flipping Houses portion to this chapter. 

Neutral 

12b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 
If you indicated you did something in the Flipping Houses 
problem not listed in the previous statements, please describe  
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what you did. 
 
Chapter 6: Finding Optimal Solutions—Binary Programming 
Section 6.2: Sam Johnson Makes a Hard Decision 
 
The purpose of this teacher log is to gather information about your use of the MINDSET 
Choosing a College problem. Parts of teachers’ plans and expectations for lessons often 
occur as anticipated, but lessons sometimes change during instruction for a variety of 
reasons. Please answer the following questions about what took place during your 
implementation of the Choosing a College problem in your classroom. 
 

Item # Teacher Log Item Score 
1 How many minutes is a typical mathematics period? Neutral 

2 
About how many class periods did it take to complete the 
Choosing a College problem? 

Neutral 

3a 
During the Choosing a College problem, approximately what 
percentage of time was spent working: 
Individually? 

Neutral 

3b 
During the Choosing a College problem, approximately what 
percentage of time was spent working: 
In pairs or small groups? 

Neutral 

3c 
During the Choosing a College problem, approximately what 
percentage of time was spent working: 
As a whole class? 

Neutral 

Introducing the Problem (Select all that apply) 

4a 
Students completed a warm-up that (Select all that apply): 
introduced new content. 

Neutral 

4b 
Students completed a warm-up that (Select all that apply): 
reviewed previous content. 

Neutral 

4c 
Students learned the context of the problem through (Select 
all that apply) 
-a class discussion. Supports PSL for c or 

d 
4d 

Students learned the context of the problem through (Select 
all that apply): 
reading the book or a hand-out. 

4e 
Discussing students’ experiences with choosing a college 
(Select all that apply): 
I led a class discussion on what students look for in a college. 

Neutral 

4f 

Discussing students’ experiences with choosing a college 
(Select all that apply): 
I led a class discussion on which colleges students are 
considering and why.  

Neutral 

4g 
Students used the Internet to research possible college choices 
for themselves. 

Goes against MSL 

4h Students made a list of the criteria they will consider when Goes against MSL 
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choosing a college. 

4i 
I led a class discussion about why binary decision variables 
are appropriate for this problem.  

Supports MSL 

4j 

Relating to Multi-Criteria Decision Making (MCDM) (Select 
all that apply): 
I compared this problem context to the context in Section 1.2 
(Enrique Ramirez Chooses a College). 

Neutral 

4k 

Relating to Multi-Criteria Decision Making (MCDM) (Select 
all that apply): 
I led a class discussion about why Multi-Criteria Decision 
Making (MCDM) is not appropriate for this problem. 

Neutral 

4l 

Relating to Multi-Criteria Decision Making (MCDM) (Select 
all that apply): 
I led a class discussion about why Multi-Criteria Decision 
Making (MCDM) could be used instead of binary 
programming to solve this problem. 

Goes against MSL 

4m 
Using a table to organize the data about each college (Select 
all that apply): 
I created a table to organize the data about each college. 

Supports MSL for m, 
n, or o 

4n 

Using a table to organize the data about each college (Select 
all that apply): 
Students created a table to organize the data about each 
college. 

4o 

Using a table to organize the data about each college (Select 
all that apply): 
Students read the book or a handout to see a table (Table 
6.2.1) organizing the data about each college. 
6.2.1: Developing the Constraints (Select all that apply) 

5a 
I led a class discussion on why “average debt at graduation” 
should not be included in Sam’s selection process. 

Supports MSL 

5b 
I led a class discussion on why Sam would want to base his 
choices on acceptance rate and an attractiveness score. 

Supports MSL 

5c 
Discussing attractiveness scores (Select all that apply): 
I led a class discussion on what an attractiveness score means 
to Sam. 

Supports MSL 

5d 
Discussing attractiveness scores (Select all that apply): 
I led a class discussion on what an attractiveness score would 
mean to the students. 

Goes against MSL 

5e 
Using techniques from Multi-Criteria Decision Making 
(MCDM) (Select all that apply): 
I reviewed steps from the MCDM chapter. 

Supports MSL 

5f 

Using techniques from Multi-Criteria Decision Making 
(MCDM) (Select all that apply): 
I did not teach the MCDM chapter, so I had to teach students 
how Sam assigned scores. 

Neutral 

5g Using techniques from Multi-Criteria Decision Making Goes against MSL 
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(MCDM) (Select all that apply): 
Students used Sam’s data to assign attractiveness scores 
based on their own preferences. 

5h 

Using techniques from Multi-Criteria Decision Making 
(MCDM) (Select all that apply): 
I skipped the section on MCDM in this problem and simply 
showed students Sam’s assigned scores. 

Goes against MSL 

5i 
Assigned scores (Select all that apply): 
Students saw a table (Table 6.2.2) showing Sam’s scheme for 
assigning scores. 

Supports MSL 

5j 
Assigned scores (Select all that apply): 
Students found the average of Sam’s assigned scores. 

Goes against MSL 

5j 
Preference scores (Select all that apply): 
Students saw a table (Table 6.2.3) showing Sam’s personal 
preference scores for each college. 

Supports MSL 

5k 
Preference scores (Select all that apply): 
Students found the average of Sam’s personal preference 
scores. 

Goes against MSL 

5m 
Calculating attractiveness scores (Select all that apply): 
I led a class discussion about how Sam calculated the 
attractiveness scores for his colleges. 

Supports MSL 

5n 
Calculating attractiveness scores (Select all that apply): 
I explained what it means to “weight” criteria. 

Supports MSL 

5o 
Calculating attractiveness scores (Select all that apply): 
Students calculated the attractiveness scores for each of 
Sam’s colleges. 

Goes against MSL 

5p 
Calculating attractiveness scores (Select all that apply): 
Students calculated attractiveness scores for their own 
colleges. 

Goes against MSL 

5q 
Acceptance rate constraints (Select all that apply): 
I led a class discussion on Sam’s acceptance rate constraints. 

Supports MSL 

5r 

Acceptance rate constraints (Select all that apply): 
I led a class discussion on why Sam would want at least two 
of the schools in his portfolio will have acceptance rates of at 
least 70%. 

Supports MSL 

5s 

Acceptance rate constraints (Select all that apply): 
I led a class discussion on why Sam wants a constraint 
requiring the average acceptance rate of the schools in his 
portfolio to be at least 60%. 

Supports MSL 

5t 
Acceptance rate constraints (Select all that apply): 
Students developed the acceptance rate constraints they 
would include if they were choosing a college. 

Goes against MSL 

5u 

Constraint for the number of colleges Sam will apply to 
(Select all that apply): 
I led a class discussion on why Sam will apply to exactly 5 
colleges. 

Supports MSL 



510 
 
 
 

 

5v 
Constraint for the number of colleges Sam will apply to 
(Select all that apply): 
Students discussed how many colleges they will apply to. 

Goes against MSL 

6.2.2: Formulating the Problem (Select all that apply) 

6a 
Binary decision variables (Select all that apply): 
I led a class discussion on how binary decision variables will 
be used in this problem. 

Supports MSL 

6b 
Binary decision variables (Select all that apply): 
I led a class discussion on what a binary decision value of 1 
means in this problem context. 

Supports MSL 

6c 
Binary decision variables (Select all that apply): 
I led a class discussion on what a binary decision value of 0 
means in this problem context. 

Supports MSL 

6d 
Binary decision variables (Select all that apply): 
Students calculated how many possible combinations of 
schools there are that Sam could apply to. 

Goes against MSL 

6e 
Binary decision variables (Select all that apply): 
Students listed all possible combinations of schools Sam 
could apply to. 

Goes against MSL 

6f 
Variables Sam will use (Select all that apply): 
We used that variables listed in Table 6.2.4 for this problem. 

Supports MSL 

6g 
Variables Sam will use (Select all that apply): 
We used other variables than the ones listed in Table 6.2.4. 

Goes against MSL 

6h 
Variables Sam will use (Select all that apply): 
We did not use variables to describe acceptance rate, size, 
tuition, distance, and attractiveness. 

Goes against MSL 

6i 
Binary indicators (Select all that apply): 
I led a class discussion on why Sam will use a binary 
indicator coefficient. 

Supports MSL 

6j 
Binary indicators (Select all that apply): 
Students determined the binary indicator, bRi, for each of 
Sams’ schools. 

Supports MSL for j, k, 
or l 

6k 
Binary indicators (Select all that apply): 
I determined the binary indicator, bRi, for each school and 
gave it to the students. 

6l 
Binary indicators (Select all that apply): 
Students read the binary indicator, bRi, for each school in the 
text or a hand-out. 

6m 
Binary indicators (Select all that apply): 
Students determined the binary indicator, bRi,  for each of 
their own schools they are considering for themselves. 

Goes against MSL 

6n 
Developing the objective function (Select all that apply): 
I developed the objective function and gave it to the students. 

Supports MSL for n, 
o, or p 

6o 
Developing the objective function (Select all that apply): 
Students developed the objective function individually or in 
small groups. 
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6p 
Developing the objective function (Select all that apply): 
Students read the objective function in the text or a hand-out. 

6q 
Developing the constraints (Select all that apply): 
I developed the constraints and gave it to the students. 

Supports MSL for q, r, 
or s 

6r 
Developing the constraints (Select all that apply): 
Students developed the constraints individually or in small 
groups. 

6s 
Developing the constraints (Select all that apply): 
Students read the constraints in the text or a hand-out. 

6t 
Summation notation (Select all that apply): 
Summation notation was used in the constraints for this 
problem. 

Supports MSL 

6u 
Summation notation (Select all that apply): 
This was the first problem students saw summation notation. 

Neutral 

6v 
Summation notation (Select all that apply): 
Students wrote out each sum. 

Goes against MSL 

6.2.3: Solving the Problem (Select all that apply) 

7a 
Solving the problem (Select all that apply): 
The students solved the problem in Excel. 

Supports MSL for a, 
b, or c 

7b 
Solving the problem (Select all that apply): 
I solved the problem in Excel and showed it to the students. 

7c 
Solving the problem (Select all that apply): 
Students read the solution in the text or a hand-out. 

7d 

Solving the problem (Select all that apply): 
Students solved the problem first using linear programming 
techniques (without the binary constraint) and then added in 
the binary constraint. 

Goes against MSL 

7e 
Solving the problem (Select all that apply): 
Students used another method (besides Excel Solver) to find 
the solution to this problem. 

Goes against MSL 

7f 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students interpreted the solution presented in the text or a 
hand-out. Supports MSL for f or 

g 

7g 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
Students used Excel Solver to interpret the solution they 
found. 

7h 

Interpreting the solution in terms of the problem context 
(Select all that apply): 
I led a class discussion on the meaning of the objective 
function value in terms of the problem context. 

Neutral 

Vocabulary (Select all that apply) 

8a 
Defining “binary decision variables” (Select all that apply): 
I told students a formal definition of binary decision 
variables. 

Supports MSL for any 
a-d 
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8b 
Defining “binary decision variables” (Select all that apply): 
I told students an informal definition of binary decision 
variables. 

8c 
Defining “binary decision variables” (Select all that apply): 
Students read the definition of binary decision variables in the 
text or on a hand-out. 

8d 
Defining “binary decision variables” (Select all that apply): 
Students developed their own definition of binary decision 
variables using clues from me and from the problem. 

8e 
Defining “binary indicator coefficient” (Select all that apply) 
I told students a formal definition of binary indicator 
coefficient. 

Supports MSL for any 
e-h 

8f 
Defining “binary indicator coefficient” (Select all that apply) 
I told students an informal definition of binary indicator 
coefficient. 

8g 
Defining “binary indicator coefficient” (Select all that apply) 
Students read the definition of binary indicator coefficient in 
the text or on a hand-out. 

8h 
Defining “binary indicator coefficient” (Select all that apply) 
Students developed their own definition of binary indicator 
coefficient using clues from me and from the problem. 

 
In-Text Questions (Choose the numbers of the completed 
questions)  

9a 

Asking in-text questions #1-9   
I led a class discussion that covered the information in the 
following questions out of in-text questions #1-9 (but did not 
explicitly ask these questions): 

Supports MSL for at 
least 4 questions in a, 
b, or c; Goes against 
PSL for at least 4 
questions 

9b 
I explicitly asked the whole class the following questions out 
of in-text questions #1-9:  

9c 
Students read the following questions out of in-text questions 
#1-9 out loud or individually:  

9d 
Answering in-text questions #1-9   
Students completed the following questions out of in-text 
questions #1-9 individually, in pairs, or in small groups: 

Supports PSL for at 
least 4 questions 

9e 
Students provided the class with answers to the following 
questions out of in-text questions #1-9: 

Supports PSL for at 
least 4 questions 

9f 
I provided students the answers to the following questions out 
of in-text questions #1-9: 

Goes against PSL 
unless d or e, then 
Neutral 

10a 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem before 
teaching the lesson. 

Neutral 

10b 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem before 
teaching the lesson. 

Neutral 
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10c 
Objective of the Problem (Select all that apply) 
I gave students a written objective of the problem after 
teaching the lesson. 

Neutral 

10d 
Objective of the Problem (Select all that apply) 
I gave students a verbal objective of the problem after 
teaching the lesson. 

Neutral 

10e 
Objective of the Problem (Select all that apply) 
Students created the objective(s) for this lesson. 

Neutral 

11 Reading the Problem-Students did not read the problem at all. Goes against PSL 

11a 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Choosing a College problem that 
students read themselves (out loud or individually) 

Supports PSL if 25% 
or above 

11b 

If students read the problem (fill in the percentages; these do 
not need to add to 100%): 
The percentage of the Choosing a College problem that I read 
out loud to the students 

Goes against PSL if 
25% or above 

12a 
Technology (Select all that apply) 
Students used Excel Solver to find the optimal solution to the 
Choosing a College problem. 

Neutral 

12b 
Technology (Select all that apply) 
I provided an Excel template for my students to complete the 
Choosing a College problem. 

Neutral 

12c 
Technology (Select all that apply) 
Students analyzed their solution by changing constraints 
and/or objective coefficients in Excel. 

Neutral 

12d 
Technology (Select all that apply) 
Students used calculators to do arithmetic calculations. 

Neutral 

13 
Homework 
Students were not assigned homework after completing this 
problem. 

Goes against MSL 

13a 
I assigned the following homework assignment from the 
textbook after completing this problem: 

Supports MSL 

13b 
I assigned the following homework assignment from another 
resource (other than the textbook) after completing this 
problem: 

Neutral 

14a 

Other Activities 
In addition to activities indicated previously, other activities 
were included in the Choosing a College portion to this 
chapter. 

Neutral 

14b 
Other Activities 
Some of the activities above were adapted based on the needs 
of the class. 

Neutral 

 

If you indicated you did something in the Choosing a College 
problem not listed in the previous statements, please describe 
what you did. 

 



514 
 
 
 

 

Appendix C: Observation Protocol 

DATE  

SCHOOL  

TEACHER  

TYPE OF 
COURSE  

NUMBER OF 
STUDENTS  

LENGTH OF 
PERIOD  

OBSERVER  

CHAPTER/TOPIC  
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Summary of Observation 

 Comments 

Provide a schedule of class activities.  

Describe the content of each class activity.   

Describe the teacher’s instructional 
techniques for each activity. 

 

Describe the cognitive demand of each 
activity.  Make sure to include whether 
each activity was open-ended. 

 

Describe the types of questions the teacher 
asked.  Give examples. 

 

Describe the group work in each activity 
(if it exists).  Make sure to include: 

a) the number of students in each 
group 

b) how students were placed in each 
group 

 

Describe the use of technology (if it 
exists).  Make sure to include: 

a) the type of technology 
b) which activities each type of 

technology was implemented in 

 

How do students have access to the 
curriculum text?  What version of the text 
was the teacher using? 

 

Did the students read the text?  If so, how?  
In what form was the text (e.g. power point 
slides, bounded textbook, worksheet, etc.) 

 

What in-text questions and homework 
problems are referred to during the lesson?  

 

What is the classroom setting?  Make sure 
to include: 

a) arrangement of desks 
b) type and location of technology if it 

exists 
c) physical classroom features 
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Productive Pedagogies Rating 

 CLASSROOM 
OBSERVATION Description Rating Comments 

In
te

ll
ec

tu
al

 Q
u

al
it

y 

Higher order 
thinking 

Involves transformation 
of information and 
ideas.  This 
transformation occurs 
when students combine 
facts and ideas and 
synthesize, generalize, 
explain, hypothesize or 
arrive at some 
conclusion or 
interpretation.   
Are the students being 
pushed to justify their 
thinking or extend 
beyond their solutions?  
Higher order thinking 
goes beyond students 
working a problem and 
answering in-text 
questions. 

Choose an 
item. 
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Summary of Observation 

 Comments 

Understanding Understanding is 
indicated when students 
grasp relatively 
complex relationships 
between the central 
concepts of a topic or 
discipline.  They can 
produce new 
knowledge by 
discovering 
relationships, solving 
problems, constructing 
explanations and 
drawing conclusions. 
Understanding should 
represent overall 
understanding of the 
presented mathematics 
and the connections 
between the 
mathematical content 
and the problem 
context. 

Choose an 
item. 

 

Substantive 
conversation 

There is considerable 
interaction among 
students, and between 
teacher and students, 
about the ideas of a 
mathematics topic.  The 
interactions are 
reciprocal and promote 
shared understanding. 

Choose an 
item. 
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Summary of Observation 

 Comments 

Knowledge as 
problematic 

This involves an 
understanding of 
knowledge not as a 
fixed body of 
information, but rather 
as being constructed, 
and hence subject to 
political, economic, 
social and cultural 
influences and 
implications 

Choose an 
item. 

 

Metalanguage Such instruction 
incorporates frequent 
discussion about talk 
and writing, about how 
written and spoken 
facts work, about 
specific technical 
vocabulary and words, 
about how sentences 
work or don’t work 
(syntax, grammar).  

Choose an 
item. 
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Productive Pedagogies Rating 

 CLASSROOM 
OBSERVATION Description Rating Comments 

S
u

p
p

or
ti

ve
 C

la
ss

ro
om

 E
n

vi
ro

n
m

en
t 

Social 
support 

Social support is 
characterized by an 
atmosphere of mutual 
respect and support 
between teacher and 
students, and among 
students. 

Choose an 
item. 

 

Academic 
engagement 
 

Students are engaged 
and on task.  They raise 
questions, contribute to 
group activities and help 
peers. 

Choose an 
item. 

 

Explicit 
quality 
performance 
criteria 

The criteria for judging 
the range of student 
performance is made 
explicit. 
Using tools such as 
rubrics. 

Choose an 
item. 

 

Technology Students use appropriate 
technology (e.g., 
Microsoft Excel, 
graphing calculators) 
correctly. Reflection 
encouraged during and 
after technology use. 
Instruction incorporates 
interpretation of results 

Choose an 
item. 
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Productive Pedagogies Rating 

 CLASSROOM 
OBSERVATION Description Rating Comments 

R
ec

og
n

it
io

n 
of

 
D

if
fe

re
n

ce
 

Inclusivity Inclusive classroom 
practices (including 
narratives) intentionally 
acknowledge, support 
and incorporate the 
diversity of students’ 
diverse backgrounds, 
experiences and abilities. 

Choose an 
item. 
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Productive Pedagogies Rating 

 CLASSROOM 
OBSERVATION Description Rating Comments 

C
on

n
ec

te
d

n
es

s 

Knowledge 
integration 

This occurs when 
explicit attempts are 
made to connect two or 
more sets of subject 
area knowledge. 

Choose an 
item. 

 

Background 
knowledge 

Opportunities are 
provided for students to 
make connections 
between their own 
background knowledge 
and the topics, skills 
and competencies they 
are studying and 
acquiring. 

Choose an 
item. 

 

Connectedness 
to the world 

This describes the 
extent to which the 
lesson has value and 
meaning beyond the 
instructional context, 
making a connection to 
the wider social context 
within which students 
live. 

Choose an 
item. 

 

Problem-
based 
curriculum 

Such curriculum is one 
in which students are 
presented with specific 
practical, real or 
hypothetical problems 
to solve.  The 
mathematics is 
interpreted in the 
context of the problem.  
Exemplary: Students 
are push to think 
beyond the solution 
within the context. 

Choose an 
item. 
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Appendix D: Survey 

MINDSET Survey 
North Carolina State University 

This form is valid until November 3, 2012 
  
You are invited to volunteer to participate in an educational research project. Mathematics 
INstruction using Decision Science and Engineering Tools (MINDSET) is a project to create, 
implement and evaluate a new curriculum to teach standard math concepts using math-based 
decision making tools in fourth year high school classrooms. This research will support the 
development of an important new high school mathematics course that will be implemented 
nationwide.  Additionally, this research will be used in a dissertation research study. 
  
What will happen if you take part in this part of the study? 
The purpose of this survey is to gather information about your beliefs and background. This 
survey will take approximately 30 minutes to complete. 
 
Risks and Benefits 
There will be no risk associated with your participation in the research study. 
You will benefit from teaching the MINDSET material because the materials bring in 
interesting, real-life examples to motivate student learning but there is no benefit from 
participating in the evaluation of the curriculum. 
In addition, the knowledge we gain from your experiences will add to the knowledge base in 
mathematics education, especially with regard to how teachers can learn a new content area 
and pass this knowledge on to their students. 
  
Confidentiality 
The information and data derived from this survey will be stored securely in a locked file and 
will be made available to the research team to use for research, presentation, and publication 
purposes only. No reference will be made to your name either in oral or written reports and 
transcripts that could link you individually to the study. To keep your identity confidential, 
all teachers will be identified by a random number. We will use a master list with codes 
which will replace names to the study data we collect. This master list will be kept in a 
locked file cabinet at the Friday Institute.  The files will be destroyed five years after the 
completion of the study, with the exception of any data used in publications. 
  
Compensation 
You will receive $50 for your participation in this research study if you complete this survey 
and at least four lesson logs. You will also receive $5 for each additional log you complete. 
There are no foreseeable costs for you associated with your participation. However, we are 
happy for you to participate in any way. 
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What if you have questions about this study? 
If you have any questions at any time, you may contact Dr. Karen A. Keene at 919-513-3374. 
Her address is 502J Poe Hall, NC State University. If you feel you have not been treated 
according to the descriptions in this form, or your rights as a participant in research have 
been violated during this project, you may contact Deb Paxton, Regulatory Compliance 
Administrator, Box 7514, NCSU Campus (919-515-4514), or Carol Mickelson, IRB 
Coordinator, Box 7514 NCSU Campus (919-515-7515). 
  
Participation 
Your participation in this study is voluntary; you may decline to participate without penalty. 
Your participation is not part of your job requirement. If you decide to participate, you may 
withdraw from the study at any time without penalty. If you withdraw from the study before 
data collection is complete your data will be returned to you or destroyed at your request.  
 
By writing your name and email address in the spaces below, you acknowledge that you have 
read and understood the above information. 
First name: 
Last name: 
Email address (This will only be used for data organization. We will not provide your email 
address to anyone outside the MINDSET project):  
 
How many years have you been teaching prior to this year? [0-40, more than 40] 
Gender (Optional): [Male/Female] 
Race (Optional): [White, Black/African American, Hispanic/Latino/Spanish, American 
Indian/Alaska Native, Asian Indian, Japanese, Native Hawaiian, Chinese, Korean, 
Guamanian/Chamorro, Filipino, Vietnamese, Samoan, Other Asian, Other Pacific Islander, 
Some other race] 
 
Please select the years that you have attended MINDSET workshops: [2008, 2009, 2010, 
2011] 
 
Where was the location of these MINDSET workshops? [North Carolina, Georgia, 
Michigan]  
 
What was the content of the MINDSET workshop(s) you have attended? [deterministic, 
probabilistic, both] 
 
If you teach MINDSET materials in an existing course, the MINDSET materials take 
approximately how much of the course? [very little, about half, more than half, all of it] 
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On the following questions, you will be asked your opinion about a statement.  Please use the 
following coding to respond to the statements: 1—Strongly Disagree, 2—Disagree, 3—
Neither Disagree nor Agree, 4—Agree, 5—Strongly Agree 

 1 2 3 4 5 
1. The best way for students to learn is through teacher 

lecture/explanations with selected, regular questioning of 
individual students 

     

2. Mathematics is a beautiful, creative and useful human 
endeavor that is both a way of knowing and a way of 
thinking 

     

3. Young students are capable of much higher levels of 
mathematical thought than has been suggested traditionally 

     

4. I personally don’t use algebra or higher math outside of 
school very often 

     

5. I would rather have someone give me a good solution to a 
hard math problem than have to work it out for myself 

     

6. Student learning does not occur when they work in small 
groups 

     

7. Mathematics problems given to students should be quickly 
solvable in a few steps 

     

8. Teachers should recognize that what seem like errors and 
confusions from an adult point of view are students' 
expressions of their current understanding 

     

9. Mathematics is the dynamic searching for order and pattern 
in the learner's environment 

     

10. Students do not learn when the teacher lectures/explains with 
students listening quietly  

     

11. Mathematics is computation      
12. Most of my students would be happy to get A’s in math      
13. Mathematics learning is being able to get the right answers 

quickly 
     

14. It is not necessary for the teacher to explain problem 
solutions to the class 

     

15. Most of my students don’t feel they want to be good math 
students 

     

16. Most of my students like doing math      
17. The teacher should explain problem solutions to the class      
18. Higher math doesn’t actually have much use for most people 

in everyday life 
     

19. Students are rational decision makers capable of determining 
for themselves what is right and wrong 

     

20. Students do not learn when the teacher lectures/explains with      
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selected, regular questioning of individual students 
21. Most of my students feel their families don’t care very much 

about their math grades 
     

22. Math problems are frequently boring      
23. Teachers should provide instructional activities which result 

in problematic situations for learners 
     

24. Teachers should negotiate social norms with the students in 
order to develop a cooperative learning environment in 
which students can construct their knowledge 

     

25. Most of my students feel their families would be proud of 
them if they were good math students 

     

26. The best way for students to learn is through teacher-guided 
whole-class discussion (teacher provides structure, most or 
all students communicate) 

     

27. Mathematics knowledge is the result of the learner 
interpreting and organizing the information gained from 
experiences 

     

28. Mathematics is no more sequential a subject than any other      
29. Once I start working on a math problem I find it hard to stop      
30. Periods of uncertainty, conflict, confusion, surprise are a 

significant part of the mathematics learning process 
     

31. Solving math problems is best done by following established 
rules 

     

32. Most of my students don’t enjoy math class very much      
33. I use algebra or higher mathematics in important ways 

outside of school 
     

34. Being able to memorize facts is critical in mathematics 
learning 

     

35. Mathematics learning is enhanced by challenge within a 
supportive environment 

     

36. Students should be given the opportunity to explain problem 
solutions to the class 

     

37. The best way for students to learn in through student-guided 
whole-class discussion (minimal teacher participation, most 
or all students communicate) 

     

38. It is not necessary for students to explain problem solutions 
to the class 

     

39. I like challenging math problems      
40. It is unnecessary, even damaging, for teachers to tell students 

if their answers are correct or incorrect 
     

41. Mathematics learning is enhanced by activities which build 
upon and respect students' experiences 
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42. Right answers are much more important in mathematics than 
the ways in which you get them 

     

43. Students learn best when working in small groups or doing 
discussion in small groups 

     

44. Students learn best through teacher lecture/explanations with 
students listening quietly 

     

45. I know how useful algebra and higher mathematics can be      
46. The role of the mathematics teacher is to transmit 

mathematical knowledge and to verify that learners have 
received this knowledge 

     

47. I find student-guided whole-class discussion to be ineffective      
48. Mathematical problem solving can be a very creative activity      
49. Teachers or the textbook - not the student - are the authorities 

for what is right or wrong 
     

50. At times math can be a scary subject for me      
51. Math rarely makes me feel uncomfortable and nervous      
52. I find teacher-guided whole-class discussion to be ineffective      

 
53. You are working with a group of four students, and you ask them to identify the 

decision variables in the following integer programming problem.  
The marketing manager for Sierra Mist soda needs to decide how many TV spots and 
magazine ads to run during the next quarter.  Each 30 second TV spot costs $5,000 
and is expected to create sales of 300,000 cans of soda.  Each one page magazine ad 
costs $2,000 and is expected to create sales of 500,000 cans of soda.  A total of 
$100,000 may be spent on TV spots and magazine ads; however, Sierra Mist wants to 
spend no more than $70,000 on TV spots and no more than $50,000 on magazine ads. 

Kelly:  x1 = TV  
 x2 = Magazines 

Lee:  x1 = cost of an ad  
 x2 = number of cans sold 

Sandy:  x1 = number of TV spots to run   
  x2 = number of Magazines ads to run 

Pat:  x1 = 300,000  
 x2 = 500,000  

Which of the students has identified the decision variables most appropriately? 
(Choose all that apply) 

a. Kelly 
b. Lee 
c. Sandy 
d. Pat 
e. None of them. It should be:______________________________________ 

 
Some teachers give students “rules of thumb” to follow when doing math. For each rule 
of thumb listed below, indicate your view using the following code: 

(T) It is true. 
(F) It is false. 
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(NS) You’re not sure. 
54. The optimal solution of a linear programming problem always occurs at a corner 

point of the feasible region. 
55. If a non-integer solution is given in a mathematical programming problem and a non-

integer solution does not make sense in the problem, round to the nearest integer to 
obtain the new optimal solution. 

56. If a constraint is binding, then the slack value is zero. 
57. The shadow price will always be zero for nonbinding constraints.  
58. When completing any mathematical programming problem, non-negativity 

constraints should always be listed. 
 

Many teachers want students to understand the “whys” in math, rather than simply 
memorizing rules of principle. Sometimes this can be hard. For each item below, indicate 
what you think, using one of the following codes: 

(E) It is possible to explain why. 
(R) It is just “one of those things” in math that you have to remember. 
(NS) I am not sure. 

59. If there is a unique solution to a linear programming problem, it must occur at a 
corner point of the feasible region. 

60. The solution to a linear programming problem need not be integer values. 
61. A binary decision variable is restricted to values 0 and 1. 

 
62. Suppose your students were working on a mathematical programming problem that 

contained a constraint limiting the amount of available resources. You asked your 
students to explain what “binding” means in terms of this constraint. Which of the 
following responses would you accept?   
Bobbie: “All of the available constraint is used up” 
Sam: “The left-hand side of the constraint inequality is equal to the right-hand side” 

a. Bobbie 
b. Sam 
c. Both of them 
d. Neither of them 
e. I’m not sure 

 
63. Your students are struggling with binary decision variables, so you decide to create 

contextual examples that can be solved with binary programming. Which of the 
following are appropriate decisions that could be represented with a binary decision 
variable?  (Choose all that apply) 

a. Whether or not you build a new house 
b. Whether or not a flipped coin lands heads up 
c. Whether or not you undertake an advertising campaign 
d. Whether or not a light turns red on your way home from work 
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e. I don’t know 
f. None of these. Instead: ____________________________________ 

On the following questions, you will be asked your opinion about curricula.  Please indicate 
how important you feel each of the following is in a curriculum, where 1—Least Important 
and 6—Most Important 
 1 2 3 4 5 6 

64. Opportunities for students to explore concepts and 
problems on their own 

      

65. Problems that represent real-world situations       
66. Visual materials (e.g., pictures, diagrams)       
67. Answers to selected practice problems       
68. Examples of solved problems       
69. Outlines of the major ideas and rules that students should 

know 
      

70. Joint, cooperative, or small group work       
71. Practice problems for students to solve       
72. Clear, direct explanations       
73. Hands-on lessons       
74. Problem-solving strategies       
75. Explanations of why mathematical rules and relationships 

make sense 
      

76. Illustrations of different ways to solve a problem       
77. Repeated examples or problems       
78. Easy to understand steps for solving problems       
79. Problems that have more than one correct answer       
80. Games that students can play in class       
81. Problems in which students attempt to make sense of 

mathematical rules and relationships 
      

82. Unfamiliar problems that extend students' understandings       
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Appendix E: Survey Organized by Construct 
 
Beliefs about math 
On the following questions, you will be asked your opinion about a statement.  Please use the 
following coding to respond to the statements: 1—Strongly Disagree, 2—Disagree, 3—
Neither Disagree nor Agree, 4—Agree, 5—Strongly Agree 

 1 2 3 4 5 
Beliefs about math 
Scored positively 

     

2. Mathematics is a beautiful, creative and useful human endeavor 
that is both a way of knowing and a way of thinking 

     

9. Mathematics is the dynamic searching for order and pattern in 
the learner's environment 

     

28. Mathematics is no more sequential a subject than any other      
29. Once I start working on a math problem I find it hard to stop      
33. I use algebra or higher mathematics in important ways outside 
of school 

     

39. I like challenging math problems      
45. I know how useful algebra and higher mathematics can be      
48. Mathematical problem solving can be a very creative activity      
51. Math rarely makes me feel uncomfortable and nervous      
Beliefs about math 
Scored negatively 

     

4. I personally don’t use algebra or higher math outside of school 
very often 

     

5. I would rather have someone give me a good solution to a hard 
math problem than have to work it out for myself 

     

7. Mathematics problems given to students should be quickly 
solvable in a few steps 

     

11. Mathematics is computation      
18. Higher math doesn’t actually have much use for most people in 
everyday life 

     

22. Math problems are frequently boring      
31. Solving math problems is best done by following established 
rules 

     

42. Right answers are much more important in mathematics than 
the ways in which you get them 

     

50. At times math can be a scary subject for me      
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Beliefs about teaching 
On the following questions, you will be asked your opinion about a statement.  Please use the 
following coding to respond to the statements: 1—Strongly Disagree, 2—Disagree, 3—
Neither Disagree nor Agree, 4—Agree, 5—Strongly Agree 

Beliefs about teaching 
Scored positively 

1 2 3 4 5 

3. Young students are capable of much higher levels of 
mathematical thought than has been suggested traditionally 

     

8. Teachers should recognize that what seem like errors and 
confusions from an adult point of view are students' expressions of 
their current understanding 

     

10. Students do not learn when the teacher lectures/explains with 
students listening quietly 

     

14. It is not necessary for the teacher to explain problem solutions 
to the class 

     

19. Students are rational decision makers capable of determining 
for themselves what is right and wrong 

     

20. Students do not learn when the teacher lectures/explains with 
selected, regular questioning of individual students  

     

23. Teachers should provide instructional activities which result in 
problematic situations for learners 

     

24. Teachers should negotiate social norms with the students in 
order to develop a cooperative learning environment in which 
students can construct their knowledge 

     

27. Mathematics knowledge is the result of the learner interpreting 
and organizing the information gained from experiences 

     

30. Periods of uncertainty, conflict, confusion, surprise are a 
significant part of the mathematics learning process 

     

35. Mathematics learning is enhanced by challenge within a 
supportive environment 

     

36. Students should be given the opportunity to explain problem 
solutions to the class 

     

37. The best way for students to learn in through student-guided 
whole-class discussion (minimal teacher participation, most or all 
students communicate) 

     

40. It is unnecessary, even damaging, for teachers to tell students if 
their answers are correct or incorrect 

     

41. Mathematics learning is enhanced by activities which build 
upon and respect students' experiences 

     

43. Students learn best when working in small groups or doing 
discussion in small groups 
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Beliefs about teaching 
Scored negatively 

     

1. The best way for students to learn is through teacher 
lecture/explanations with selected, regular questioning of individual 
students 

     

6. Student learning does not occur when they work in small groups      
13. Mathematics learning is being able to get the right answers 
quickly 

     

17. The teacher should explain problem solutions to the class      
26. The best way for students to learn is through teacher-guided 
whole-class discussion (teacher provides structure, most or all 
students communicate) 

     

34. Being able to memorize facts is critical in mathematics learning      
38. It is not necessary for students to explain problem solutions to 
the class 

     

44. Students learn best through teacher lecture/explanations with 
students listening quietly 

     

46. The role of the mathematics teacher is to transmit mathematical 
knowledge and to verify that learners have received this knowledge 

     

47. I find student-guided whole-class discussion to be ineffective      
52. I find teacher-guided whole-class discussion to be ineffective      

 
Beliefs about students 
On the following questions, you will be asked your opinion about a statement.  Please use the 
following coding to respond to the statements: 1—Strongly Disagree, 2—Disagree, 3—
Neither Disagree nor Agree, 4—Agree, 5—Strongly Agree 

Beliefs about students 
Scored positively 

1 2 3 4 5 

12. Most of my students would be happy to get A’s in math      
16. Most of my students like doing math      
25. Most of my students feel their families would be proud of them 
if they were good math students 

     

Beliefs about students 
Scored negatively 

     

15. Most of my students don’t feel they want to be good math 
students 

     

21. Most of my students feel their families don’t care very much 
about their math grades 

     

32. Most of my students don’t enjoy math class very much      
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Beliefs about curriculum 
On the following questions, you will be asked your opinion about curricula.  Please indicate 
how important you feel each of the following is in a curriculum, where 1—Least Important 
and 6—Most Important 

Beliefs about curriculum 
Score positively 

1 2 3 4 5 6 

64. Opportunities for students to explore concepts and problems 
on their own 

      

65. Problems that represent real-world situations       
66. Visual materials (e.g., pictures, diagrams)       
70. Joint, cooperative, or small group work       
73. Hands-on lessons       
75. Explanations of why mathematical rules and relationships 
make sense 

      

76. Illustrations of different ways to solve a problem       
79. Problems that have more than one correct answer       
80. Games that students can play in class       
81. Problems in which students attempt to make sense of 
mathematical rules and relationships 

      

82. Unfamiliar problems that extend students' understandings       
Beliefs about curriculum 
Score negatively

      

67. Answers to selected practice problems       
68. Examples of solved problems       
69. Outlines of the major ideas and rules that students should 
know 

      

71. Practice problems for students to solve       
72. Clear, direct explanations       
74. Problem-solving strategies       
77. Repeated examples or problems       
78. Easy to understand steps for solving problems       

 
 
Subject matter knowledge 
 
53. You are working with a group of four students, and you ask them to identify the decision 
variables in the following integer programming problem.  
The marketing manager for Sierra Mist soda needs to decide how many TV spots and 
magazine ads to run during the next quarter.  Each 30 second TV spot costs $5,000 and is 
expected to create sales of 300,000 cans of soda.  Each one page magazine ad costs $2,000 
and is expected to create sales of 500,000 cans of soda.  A total of $100,000 may be spent on 
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TV spots and magazine ads; however, Sierra Mist wants to spend no more than $70,000 on 
TV spots and no more than $50,000 on magazine ads. 
Kelly:  x1 = TV  
 x2 = Magazines 

Lee:  x1 = cost of an ad  
 x2 = number of cans sold 

Sandy:  x1 = number of TV spots to run   
  x2 = number of Magazines ads to run 

Pat:  x1 = 300,000  
 x2 = 500,000  

Which of the students has identified the decision variables most appropriately? (Choose all 
that apply) 

83. Kelly 
84. Lee 
85. Sandy [Correct Answer is 3: Sandy] 
86. Pat 
87. None of them. It should be:______________________________________ 

 
Some teachers give students “rules of thumb” to follow when doing math. For each rule of 
thumb listed below, indicate your view using the following code: 

(T) It is true. 
(F) It is false. 
(NS) You’re not sure. 

54. The optimal solution of a linear programming problem always occurs at a corner point of 
the feasible region. [Correct Answer is F] 
55. If a non-integer solution is given in a mathematical programming problem and a non-
integer solution does not make sense in the problem, round to the nearest integer to obtain the 
new optimal solution. [Correct Answer is F] 
56. If a constraint is binding, then the slack value is zero. [Correct Answer is T] 
57. The shadow price will always be zero for nonbinding constraints. [Correct Answer is T] 
58. When completing any mathematical programming problem, non-negativity constraints 
should always be listed. [Correct Answer is F] 
 
Many teachers want students to understand the “whys” in math, rather than simply 
memorizing rules of principle. Sometimes this can be hard. For each item below, indicate 
what you think, using one of the following codes: 

(E) It is possible to explain why. 
(R) It is just “one of those things” in math that you have to remember. 
(NS) I am not sure. 

59. If there is a unique solution to a linear programming problem, it must occur at a corner 
point of the feasible region. [Correct Answer is E] 
60. The solution to a linear programming problem need not be integer values. [Correct 
Answer is E] 
61. A binary decision variable is restricted to values 0 and 1. [Correct Answer is E] 
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62. Suppose your students were working on a mathematical programming problem that 
contained a constraint limiting the amount of available resources. You asked your students to 
explain what “binding” means in terms of this constraint. Which of the following responses 
would you accept?   

Bobbie: “All of the available constraint is used up” 
Sam: “The left-hand side of the constraint inequality is equal to the right-hand side” 

f. Bobbie 
g. Sam 
h. Both of them [Correct Answer is c. Both of them] 
i. Neither of them 
j. I’m not sure 

 
63. Your students are struggling with binary decision variables, so you decide to create 
contextual examples that can be solved with binary programming. Which of the following are 
appropriate decisions that could be represented with a binary decision variable?  (Choose all 
that apply) 

a. Whether or not you build a new house 
b. Whether or not a flipped coin lands heads up 
c. Whether or not you undertake an advertising campaign 
d. Whether or not a light turns red on your way home from work 
e. I don’t know 
f. None of these. Instead: ____________________________________ 

[Correct Answers are a. Whether or not you build a new house and c. Whether or not 
you undertake an advertising campaign] 
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Appendix F: Pre-Observation Interview Protocol 
 
I appreciate your letting me observe your class.  I have some questions I’d like to ask you 
related to your upcoming lesson.  Would you mind if I taped the interview?  It will help me 
stay focused on our conversation and it will ensure I have an accurate record of what we 
discussed. 
 

1. Describe the goal for today’s/tomorrow’s lesson in broad terms (not the objective). 
 

2. Describe how you prepared for today’s/tomorrow’s lesson. 
 

3. Did you plan this lesson essentially as it was organized in the MINDSET book or did 
you modify it in important ways? 

 
4. If modified: 

Can you describe the modifications you made and your reasons for making them? 
 

5. Explain the decisions you made during the planning of today’s/tomorrow’s lesson and 
why you made those decisions. 

 
6. How do you feel about teaching this topic? Do you enjoy it? 

 
7. How well prepared to you feel to guide student learning of this content? 

 
8. What do you think the students will gain from today’s/tomorrow’s lesson? 

 
9. What possible issues do you foresee students experiencing in this lesson? 

 
10. How many times have you taught this lesson before? 

 
11. How many years have you been teaching prior to this year?   
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Appendix G: Post-Observation Semi-Structured Interview Protocol 
 
I appreciate your letting me observe your class.  I have some questions I’d like to ask you 
related to this lesson.  Would you mind if I taped the interview?  It will help me stay focused 
on our conversation and it will ensure I have an accurate record of what we discussed. 
 
Preliminary 

Can I have a copy of the instructional materials you used for this lesson? [Specify what 
you would like to have copies of, if necessary.] 

 
 
A. Learning Goals 

1. How do you feel about how the lesson played out? 
 

2. Do you feel that your goal of today’s lesson was reached? Why or why not? 
 

3. What do you think the students gained from today’s lesson? How do you know? 
 

4. How would you describe the cognitive demand of the lesson? 
 

5. Do you think the students obtained a deep understanding of the content? Why or why 
not? How do you know? 

 
6. How would you describe the student engagement during this lesson? 

 
 
B. The Teacher 

7. This curriculum focuses on certain instructional strategies, such as keeping the 
problem in context, analyzing and interpreting solutions, and implementing 
technology.  
 

8. How comfortable do you feel using the instructional strategies involved in teaching 
this curriculum? 

 
9. What sort of changes did you make, during instruction, from your originally planned 

lesson? 
Why did these changes occur? 
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C. Context 
10. Sometimes schools and districts make it easier for teachers to teach mathematics well, 

and sometimes they get in the way. 
What about your teaching situation influenced your planning of this lesson? 

 
11. Did the facilities and available equipment and supplies have any influence on your 

choice of this lesson or how you taught it? 
Were there any problems in getting the materials you needed for this lesson? 

 
Thank you for your time.  If I have any additional questions or need clarification, how and 
when is it best to contact you? 
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Appendix H: Post-Observation Stimulated Recall Interview Protocol 
 
I appreciate your letting me observe your class. I have some questions I’d like to ask you 
related to yesterday’s lesson. Would you mind if I taped the interview? It will help me stay 
focused on our conversation and it will ensure I have an accurate record of what we 
discussed. 
 
In this interview, I am going to show you video clips from yesterday’s lesson. I would like 
you to review the clips and explain your thinking at that point in time. Please try your best to 
bring back what you were thinking during the lesson; do not try to create an explanation if 
you can’t think of one.  
 
When I start the video, feel free to stop it at any time to discuss your thoughts. 
 
Possible questions to ask after viewing a video clip: 
 

 At that point, what were your thoughts? And, what was the reason for that decision? 
 

 What were you doing in this segment and why? 
 

 Were you thinking of any alternative actions or strategies at that time? 
 

 Did you have any particular objectives in mind in this segment, and, if so, what were 
they? 

 
 What were you aiming at there? 

 
 What were you getting at with that question? 
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Appendix I: Interview Codes and Descriptions 
 

Beliefs about Curriculum
Code Description 

Answers in the book 
The book provides too many answers, so the teacher may 
choose not to use it. 

Application/Real-
World 

This curriculum is applicable or useful to students' lives or 
to the real world. 

Appropriate/not 
appropriate for students 

The MINDSET curriculum is sometimes not appropriate for 
the teacher's students; it would be appropriate for stronger 
students. Or the MINDSET curriculum is appropriate for 
my students 

Challenging/Complex 
These materials are challenging or complex (for teacher 
and/or students). 

Cognitive demand 
The teacher mentions the cognitive demand of the materials, 
whether it was high, low, or appropriate. 

Dragging/Too long 
Teacher mentions that the materials are dragging or that the 
chapters/problems are too long 

In-text questions 
Teacher discusses his/her opinions about the in-text 
questions. 

Insufficient Homework 
Problems 

Lack of HW problems or inappropriate HW problems in 
text 

Lends itself to certain 
instructional strategies 

This curriculum lends itself to instructional strategies, such 
as group work or keeping the problem in context 

New/Different 
Teacher mentions that these materials are very new and 
different from what they're used to. This could be a positive 
or a negative belief. 

Positive about 
materials 

Teacher mentions liking or appreciating the materials 

Standard Course of 
Study 

Teacher mentions remaining faithful to or throwing out the 
Standard Course of Study for the course (AFM or Discrete). 

Too difficult 
The teacher believes the curriculum is too difficult for 
his/her students or for him/herself.  

Versions of the text 
When a teacher talks about an older version versus a newer 
version of the text. 
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Beliefs about Math 
Code Description 

Importance of correct 
answers 

Teacher mentions that correct answers are important. 

Importance of correct 
vocabulary or syntax 

Teacher mentions that students need to use proper 
vocabulary or syntax. For example, x1 = the number of 
chairs produced per day. 

Math is/is not present in 
the "real world" 

The teacher talks about how math (e.g., vocabulary) is not 
heard outside of a math classroom. Or teacher talks about 
how math IS contexts. 

Math Vocabulary Teacher gives an opinion about vocabulary in math. 

Multiple methods 
Teacher mentions that there are multiple ways to get to a 
solution. 

Step-by-step Process 
Teacher talks about math as a step-by-step process or that 
math can/should be done by following steps. 

Tricks/Rules Math includes tricks or rules. 
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Beliefs about Students 
Code Description 

ESL Students Teacher expresses an opinion about ESL students. 

Knowing where 
students will struggle 

The teacher mentions knowing where the students may get 
stuck or struggle, either when planning the lesson or when 
implementing the lesson. 

Positive about students 
Explaining why students are good at the math/technology or 
group work. 

Student 
Accountability 

Teacher mentions that students need to be held accountable 
for their work or learning. 

Student Background 
Teacher mentions students' backgrounds, from any earlier 
time (e.g., past courses or past chapters). 

Student Confidence 
Teacher mentions students lacking confidence or gaining 
confidence. 

Student engagement 
Teacher mentions that students are often not engaged/on 
task, that it's difficult to keep students engaged/on task, or 
that it's important for students to be engaged in the lesson. 

Student 
Issues/Struggles 

Teacher mentions how/when students may struggle. Or 
teacher mentions that students have trouble with certain 
topics. (This code is a general "negative about students" 
code.) 

Student Levels Teacher discusses higher- and/or lower-level students. 
Students are afraid of 
being wrong 

Students are uncomfortable taking risks in class because they 
are afraid of being wrong. 

Students can 
overcome 

Students can overcome obstacles; students can solve large 
problems. 

Students can't handle 
too much 
data/information 

Students have difficulty when there's too much information. 
Also, students get confused very easily. 

Students do not like 
math 

Teacher mentions that students typically do not like math. 

Students have never 
had to think before 

This is the first course where students are expected to think. 

Students Reading 
Teacher expresses an opinion about students reading (e.g., 
he/she mentions that students read well or that they do not 
understand what they read). 

Students working in 
groups 

Students work well or don't work well in groups. 
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Beliefs about Students Continued 
Code Description 

Teacher Confusion = 
Student Confusion 

If it confuses me, it's going to confuse the students 

Technology 
Students have issues with technology or students are very 
good with technology. 

Word problems 
Teacher mentions that students do not like or are intimidated 
by word problems. Or teacher mentions that students respond 
well to word problems/real-life contexts. 
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Beliefs about Teaching 
Code Description 

Analyze/Interpret/Reflect 

Teacher mentions analyzing, interpreting, or reflecting 
during or after a problem. They may be comfortable or 
uncomfortable with these techniques. They may think it's 
important or not important. 

Assessing Teacher mentions the importance of assessing students. 
Block vs. Traditional 
Schedule 

Teacher mentions a preference of block or traditional 
scheduling. Or teacher mentions length of class period. 

Confidence/Comfort as a 
teacher 

The teacher mentions their confidence. For example, a 
teacher may say that he/she feels comfortable saying "I 
don't know" to the students. 

Consistency/Flow 

The importance to keep consistency in the classroom 
(either through routines or through mathematical 
consistencies). Or the teacher mentions the flow of the 
lesson. 

Contextual problems The teacher mentions keeping the problem in context. 

Differentiation 
Lessons should meet the needs of many students. Or 
teacher has difficulty with differentiation. 

Experiencing 
It's important for students to experience the lesson 
themselves, to construct or discover on their own. 

Group Work 

This includes the teacher talking about how important it is 
for students to have the opportunity to work through 
activities with partners. This also includes the benefits of 
group work (i.e., why the teacher chose to put students in 
groups). 

Hands-on It's important to use hands-on activities. 

Homework 
Teacher talks about the importance of homework or why 
they don't think homework is important. 

Importance of Class 
Discussions 

Teacher mentions that class discussions are an important 
technique. 

Lecture/Telling 
Teacher talks about lecture/telling as being an effective or 
an ineffective way to teach. 

Materials/lesson needs to 
be concrete 

The lesson needs to be concrete for the students to grab a 
hold of it (e.g., using integers instead of fractions or 
decimals). 

Multiple 
methods/solutions 

Teacher thinks it's important to see multiple methods or 
solutions when solving problems. 
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Beliefs about Teaching Continued 
Code Description 

Need to "check in" with 
the students 

The teacher talks about how he/she needs to check in with 
the students by asking questions or by leading a class 
discussion. 

Need to "get through" 
the material 

Teacher talks about the lesson as needing to "get through" a 
certain point. For example, a teacher may say that their goal 
for the lesson is to get through question 10. 

Need to be prepared 
The teacher feels he/she must prepare extensively when 
teaching this content because it is so challenging. 

Need to Prepare 
Students 

Teacher wants to prepare students for future courses, for 
jobs, or for life. 

Organize Information 
Organized information is easier to understand. It's important 
to organize information. Students' can see information more 
easily in a table. 

Practice/Repetition 
Students need to practice mathematical skills. Repetition is 
important for learning. 

Reviewing Previous 
Skills 

Teacher mentions the importance of reviewing previous 
skills or why he/she does not want to review previous skills. 
This is includes Algebra as well as other mathematical skills 
and knowledge. 

Scaffolding 
Teacher mentions the importance of and/or need to scaffold 
or to give steps to students. 

Standards 
The course needs to align with the standards. Or standards 
don't really matter. 

Start with easier 
problems 

It's better to start with easier problems and then build up to 
more complex ones. 

Student 
Thinking/Understanding 

Teacher mentions that he/she wants students to think or the 
importance of students thinking/understanding. 

Students 
explaining/presenting 

Teacher mentions the importance of students presenting or 
explaining math to one another or the teacher. 

Students need to 
struggle/take risks 

Teacher mentions that students should struggle a little bit 
when learning. Or teacher mentions that students need to 
take risks during instruction. 

Time constraints/Timing 
Teacher mentions time as being a part of their decision-
making process. 

Vocabulary 
Teacher mentions why he/she focuses on or stays away 
from vocabulary. 
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Subject Matter Knowledge 
Code Description 

"Math is hard" Teacher expresses that math is difficult for him/her. 

Confident in their 
knowledge 

The teacher mentions that he/she feels/does not feel 
comfortable with the material and is able/not able to guide 
student learning. 

Feeling/Not feeling 
prepared 

The teacher mentions how prepared they feel to teach the 
materials. 

Lack of subject matter 
knowledge 

Teacher shows or expresses a lack of subject matter 
knowledge. 

Learning from the text 
Teacher mentions that they gained knowledge from the 
curricular materials. 

Previous knowledge 
Teacher mentions his/her previous knowledge or lack 
thereof and how that influenced their instructional choices. 

Summer Workshops 
Teacher mentions learning subject matter knowledge from 
the workshops or that they didn't get enough knowledge 
from the workshops. 

Technology 
Teacher lacks knowledge about technology or teacher 
knows about technology. 
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Appendix J: Informed Consent Form 
 

MINDSET Project 
Teacher Informed Consent Form for Research 

North Carolina State University 
This form is valid November 3, 2010 to November 3, 2011 

 
Primary Investigator: Dr. Karen Keene 
 
What are some general things you should know about this research study? 
You are invited to volunteer to participate in an educational research project. Mathematics 
INstruction using Decision Science and Engineering Tools (MINDSET) is a project to create, 
implement and evaluate a new curriculum to teach standard math concepts using math-based 
decision making tools in fourth year high school classrooms. Currently we are pilot testing 
the curriculum in some classrooms with the idea that eventually it will be adopted as a 
curriculum. The purpose of this research is to evaluate the curriculum by conducting 
qualitative research in the classes that are using the curriculum, and doing a large scale 
assessment of problem solving skills and attitudes towards mathematics in many fourth year 
classrooms across the United States. This research will support the development of an 
important new high school mathematics course that will be implemented nationwide.  The 
assessment will provide information to evaluate and improve the course and help us learn 
about high school students’ problem solving skills.  
 
What will happen if you take part in the study? 
If you agree to participate in this study, you will be asked to first give a consent form to each 
student in your class. The consent forms will be sent to you approximately two weeks before 
the assessment and will be collected along with the assessments. Next, you will give an 
assessment to your students, taking approximately 120 minutes of class time. This involves 
60 minutes at the beginning and 60 minutes at the end of the class.   
 
In addition, you may be asked to have a member of the research team interview you and/or 
observe one or more lessons in your classroom. You will be told in advance if a researcher 
would like to visit your classroom. During observations, the observer will take field notes, 
and these observations will be used for the research team to gather information about 
teachers’ instructional choices in the classroom. Observations may be videotaped for research 
purposes. If you give consent to being videotaped, the camera will be placed in the back of 
the room with the main focus on you, the teacher. The videotapes will be utilized mostly for 
the verbal discussions; however, the research team may present a clip of a video during 
research presentations or may use an image in a publication.  
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Interviews will be used to learn about your experiences with the MINDSET materials and the 
summer workshop. Interviews will take approximately 45 minutes. Interviews may be 
videotaped and your comments may be transcribed for publication (identity withheld). 
All videos will be stored on a secure server and will be destroyed five years after the 
completion of the study, except for any portions of the videos that are used in publications.  
You may also be asked to complete surveys, logs, feedback forms, and implementation 
journals describing your experiences teaching the new materials. Each of these surveys will 
take approximately10-15 minutes to complete and will ask you about your experience with 
the summer workshop, about your instructional methods, and about your perceptions 
regarding your teacher qualifications. Each lesson log will take approximately 10-15 minutes 
to complete and will ask you information about your implementation of certain lessons. 
Feedback forms will take 1-2 hours per chapter to complete and will ask you about how you 
implemented the MINDSET materials in your classroom. Journals will take approximately 
20 minutes to complete each entry, where you detail you instructional choices and your 
thoughts and feelings towards the materials. All together, you will spend approximately 8-10 
hours of out of school time working with this evaluation. All data and notes will be stored in 
a locked file cabinet at the Friday Institute and will be destroyed five years after the 
completion of the study, with the exception of any data used in publications. If any of your 
data is used in future research publications or presentations, you will not be identified by 
name. 
 
Risks and Benefits 
There will be no risk associated with your participation in the research study. 
You will benefit from teaching the MINDSET material because the materials bring in 
interesting, real-life examples to motivate student learning but there is no benefit from 
participating in the evaluation of the curriculum. 
 
In addition, the knowledge we gain from your experiences will add to the knowledge base in 
mathematics education, especially with regard to how teachers can learn a new content area 
and pass this knowledge on to their students.  
 
Confidentiality 
The information and data derived from the surveys, assessments, journals, videotapes and 
observations will be kept strictly confidential. It will be stored securely in a locked file and 
will be made available to the research team to use for research, presentation, and publication 
purposes only. No reference will be made to your name either in oral or written reports and 
transcripts that could link you individually to the study. To keep your identity confidential, 
all teachers will be identified by a random number. We will use a master list with codes 
which will replace names to the study data we collect. This master list will be kept in a 
locked file cabinet at the Friday Institute. The audio or videotapes will be digitally recorded 
and stored on a secure server at the Friday Institute.  The files will be destroyed five years 
after the completion of the study, with the exception of any data used in publications. 



548 
 
 
 

 

 
Compensation 
You will receive no payment for your participation in this research study, and there are no 
foreseeable costs for you associated with your participation.  
 
What if you have questions about this study? 
If you have any questions at any time, you may contact Dr. Karen A. Keene at 919-513-3374. 
Her address is 502J Poe Hall, NC State University. If you feel you have not been treated 
according to the descriptions in this form, or your rights as a participant in research have 
been violated during this project, you may contact Deb Paxton, Regulatory Compliance 
Administrator, Box 7514, NCSU Campus (919-515-4514), or Carol Mickelson, IRB 
Coordinator, Box 7514 NCSU Campus (919-515-7515). 
 
Participation 
Your participation in this study is voluntary; you may decline to participate without penalty. 
Your participation is not part of your job requirement. If you decide to participate, you may 
withdraw from the study at any time without penalty. If you withdraw from the study before 
data collection is complete your data will be returned to you or destroyed at your request. 
 
Please initial by the statements that apply to you. 
 

_____ I have read and understood the above information.  
 
_____ I will allow personnel from the MINDSET project team to visit my classroom 

and collect data about my planning and instruction.  
 
_____ I give permission to the MINDSET project team and North Carolina State 

University to make audio-video recordings of me while teaching in my 
classroom.  I understand that the video recording will be used as a record of 
the lesson and the discussion taking place and may be used for publication and 
presentation purposes.  

 
_____ I consent that a transcript of the audio-video recording of the classroom 

observation can be made.  
 
_____ I will allow personnel from the MINDSET project team to interview me.  
 
_____ I give permission to the MINDSET project team and North Carolina State 

University to make audio-video recordings of me during the interview.  I 
understand that the video recording will be used as a record of the interview 
and the discussion taking place and may be used for publication and 
presentation purposes.  
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_____ I further consent that a transcript of the audio-video recording of the interview 

can be made.  
 
_____ I will allow personnel from the MINDSET project team to send me surveys, 

feedback forms, and other forms used to describe my teaching experiences 
that I will complete to the best of my ability. 

 
_____ I will allow personnel from the MINDSET project team to send me attitude 

surveys and assessments, which I will give to my students. I understand that 
these surveys and assessments will not count towards my students’ grades or 
standings in my class. 

 
Please complete and sign. 
 
By signing below, I am giving the project team and NC State permission to use those items 
initialed above for record keeping purposes, for promotional purposes on the website, and for 
research purposes. 
 

_____________________________________  
 
 
 
 
 
 
 
 
 
 
 
 
 

Full Name 
 
 
_____________________________________
Signature 
 
 
_____________________________________
Date 
 
 
_____________________________________
Address 
 
 
_____________________________________
City, State, Zip 
 
 
_____________________________________
Email 

 


