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ABSTRACT 

 

This study explored 78 elementary school principals’ perceptions of classroom mathematics 

instruction in an effort to build understanding of the professional vision (Goodwin, 1994) of 

elementary school principals as it relates to mathematics instruction. This study also tested the 

theory of Leadership Content Knowledge (Stein & Nelson, 2003) which proposes that principal 

instructional leadership in mathematics is, in part, dependent upon content knowledge in 

mathematics. The principals were all current public school principals in the state of Florida and 

participated in a year-long, content-specific professional development series in mathematics and 

science for school leaders. 

The research questions in this exploratory study were (1) What is the relationship between 

elementary principals’ knowledge in mathematics and their level of expertise in classroom 

observation of elementary mathematics instruction? (2) What elements of mathematics 

instruction are consistently interpreted similarly or dissimilarly between mathematics specialists 

and elementary school principals? (3) What do elementary school principals commonly notice or 

look for when observing mathematics instruction?  

The study employed a mixed-methods design to explore the correlation between mathematics 

knowledge and observation expertise as well as to begin to catalogue the appreciative system and 

terms used by principals to build a general picture of the professional vision of school principals. 

Data sources included the Mathematics Knowledge for Teaching survey (Hill & Ball, 2004), the 

Reformed Teaching Observation Protocol (Piburn et al., 2000; Sawada et al., 2000), and written 

responses to open-ended prompts designed to elicit principal perceptions of classroom 

instruction in mathematics. All 78 participants completed the surveys after observing three 

videos of classroom mathematics instruction. Written responses were analyzed and used to 

determine commonly noticed aspects of mathematics instruction as well as insights into principal 

recommendations for instructional improvement. A set of codes were generated from the written 

data, applied to the data, tested for reliability, and used to describe the relative frequency, 

consistency, and dependency of principal remarks. 

During the course of this study, a method for measuring the observation expertise of 

individual principals was developed. This study found no significant correlation between 

principals’ mathematics knowledge and their observation expertise. When particular surface-
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level, observable features such as group work and high levels of apparent student engagement 

appeared in the video, principals had highly consistent interpretations of mathematics instruction. 

Mathematics specialists had highly consistent interpretations of traditional instruction, but there 

was less agreement between mathematics specialists regarding more reform-oriented instruction.  

This study also found that elementary school principals have a positive impression of reform-

oriented instruction in mathematics and a negative impression of traditional instruction. 

Regarding what principals notice in mathematics instruction, some of the central topics that 

principals are looking for in classroom instruction include student engagement, group work (by 

students), the use of manipulatives, the use of vocabulary by both teachers and students, 

occasional checks for student understanding, physical and emotional safety, and teacher-student 

rapport. Principal recommendations for instructional improvement often included reference to 

group work and manipulatives without reference to specific ways that manipulatives may 

illuminate mathematical ideas or ways to structure group work for increased learning. 

Results of this study will guide professional development for school principals as 

instructional leaders in mathematics. Results also suggest further development of methods for 

rigorous study of the interaction of variables within the theory of Leadership Content 

Knowledge.



 2

CHAPTER 1 

INTRODUCTION 

 

School principals exert influence upon mathematics instruction and student learning. The 

nature and extent of the school principal’s influence on mathematics classroom instruction is not 

known. However, more generally, empirical studies indicate that school leaders influence the 

quality of their schools and, more specifically, student performance, through the creation of 

learning environments that foster achievement and by focusing improvement efforts on the 

practices most likely to result in improved student outcomes, including the development of 

teachers’ instructional skills (Brenninkmeyer & Spillane, 2004; Crow, Hausman, & Scribner, 

2002; Day, Sammons, Hopkins, Leithwood, & Kington, 2008; Hallinger, Bickman, & Davis, 

1996; Hallinger & Heck, 1998; Marks & Nance, 2007; Mulford, 2005). The studies exploring the 

instructional leadership of school principals typically related knowledge, attitudes, and behaviors 

of school principals to student achievement. Very few studies have attempted to explore the 

perceptions of school principals as it relates specifically to mathematics instruction. 

This study employed a mixed-methods approach to explore principals’ perceptions of 

elementary-level instruction in mathematics. The quantitative approach developed a 

methodology for quantifying level of agreement between principals and experts who observe the 

same classroom instruction and examined the strength of the relationship between content 

knowledge for teaching mathematics and principal agreement with mathematics experts. The 

qualitative aspect identified the elements that elementary principals tended to notice and interpret 

similarly and dissimilarly when they observed elementary mathematics instruction. 

Approximately 150 principals observed three videos of classroom instruction in mathematics 

and completed both an open-ended form and a structured observation protocol. Principals’ 

written comments and ratings on the observation protocol were analyzed in order to gain insight 

into principal perceptions and interpretations of mathematics instruction. Results of this study 

will inform efforts in preparing school principals to be effective instructional leaders in 

mathematics. 

Principals as Instructional Leaders 

The role of the school principal has changed over time. Starting as the principal teacher, the 

first school principals were heavily involved with instruction and the professional development 
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of other teachers. Through the 20th century, as schools grew much larger, the role of the school 

principal shifted away from instructional leadership and towards management and 

administration. During the current era of accountability that has been evolving rapidly over the 

past two decades, the school principal has again become more involved with instructional 

leadership (Matthews & Crow, 2003; Murphy, 1994; Nelson & Sassi, 2005).  

The state of Florida recently adopted standards for school leaders that are accompanied by 

state certification for principals through the Florida Educational Leadership Exam (FELE) 

(Florida Department of Education, 2008). The FELE contains three subcategories: Instructional 

Leadership, Operational Leadership, and School Leadership. The instructional leadership 

subsection contains items related to instructional delivery methods that enhance student learning, 

identifying Standards-based curricula, and much more. In this certification system, school 

principals are required to hold current state teaching certificates, have three or more years of 

teaching experience, and pass the FELE, thereby becoming state-certified for school leadership. 

In the accountability system in Florida, it is the school principal, not the classroom teacher, who 

is held accountable by law for student achievement. This accountability policy, along with 

standards for school leadership that include instructional leadership as the primary component, 

shifts the attention of the principal back to classroom instruction, curriculum, and assessment of 

student learning. 

Principals write and monitor school improvement plans, which are often focused on 

assessment and monitoring student learning. Florida law requires principals to conduct classroom 

observations of teachers. Three observations sometimes persist through a whole class period. 

Other observation models include the classroom walkthrough, a technique for observing many 

classrooms for approximately five minutes each time (Jerald, 2007). The time frame of the 

classroom walkthrough appeals to many school principals and administrators. Depending on the 

individual principal, principals and teachers may or may not engage in a discussion following a 

classroom observation. Principals write and approve individual professional development plans 

with teachers. Analysis of survey data generated over seven years of the National Science 

Foundation’s Local System Change through Teacher Enhancement program reveals that 

principal support was the most important factor in determining teacher participation in 

professional development (Crawford & Banilower, 2004). Other findings in the same study 

indicate principals paying lip service to reform without instituting systemic change in the school. 
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Principals are in a critical position to either mediate or moderate district and state policy 

initiatives related to curriculum, instruction, assessment, and the professional development of 

teachers in mathematics. A recent large-scale study indicates that the principals are instrumental 

in shaping opportunities for teachers to implement policy initiatives in mathematics, and that the 

principal may be better positioned to encourage instructional change than department 

chairpersons, who may slow the rate of improvement in instruction (Printy, 2008). Coburn 

(2001) reports that principals control the extent to which teachers receive and implement policy 

messages. Principals have an indirect influence over whether teachers construct meaning of 

policies for themselves and whether the policies will have implications for their own practice by 

prioritizing the messages for teachers. For state and national policy initiatives in mathematics 

and science to make it to the student level, principals must be aware of the policy, and they must 

know how the policy message is intended to translate to classroom practice. 

Vision and Policy for Classroom Mathematics Instruction 

While all states have written and adopted curriculum standards as well as large-scale state 

assessment to monitor those standards as per the No Child Left Behind Act (2001), few states 

have undergone an effort to create a comprehensive framework to define or describe high-quality 

mathematics instruction and formative assessment for their teachers to enact. Many of the 

mathematics curriculum frameworks adopted by states reflect (to varying degrees) the vision for 

school mathematics curriculum described by the NCTM Principles and Standards for School 

Mathematics (2000). 

Given that the NCTM Standards (1989, 1991, 1995, 2000) for K-12 mathematics have 

existed for 20 years, we must ask the question: Does classroom practice embody the vision 

described in the Standards? Regrettably, examination of classroom practice repeatedly indicates 

that classroom practice does not reflect the intent of the Standards (Jacobs et al., 2006; Pasley, 

Weiss, Shimkus, & Smith, 2004; Stigler & Hiebert, 1999; Weiss, Pasley, Smith, Banilower, & 

Heck, 2003). In the TIMSS Video Study, the researchers surveyed teacher familiarity with 

mathematics education reform documents. Most teachers reported that they were familiar with 

the documents and that they implement these reform practices in their classrooms. The videos 

revealed a wide interpretation of the reform message. Moreover, researchers found that the 

strength of content knowledge of a teacher was not correlated with different cultural patterns of 

teaching (Stigler & Hiebert, 2004). Other research vividly describes some of our best and 
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strongest teachers struggling with misinterpretations of what is meant by reform-oriented, 

Standards-based mathematics learning environments (Ball, 1990; Cohen, 1990; Sowell & 

Zambo, 1997; Spillane & Zeuli, 1999). 

Researchers and policymakers in mathematics education are aware of this discrepancy 

between the ideal vision and current practice for the mathematical education of students. The 

fashionable solution to the problem of closing the gap at the time of this writing is to set a goal to 

increase the mathematics content knowledge and pedagogical content knowledge (Shulman, 

1986) of classroom teachers. While this may be an important goal as a component of a larger 

systemic plan, the pathway to that goal is not clear. More importantly, there is not currently a 

systemic plan to reach the goal. 

Classroom Observation 

Beyond the evidence that the school principal plays a key role in influencing teaching and 

learning (Leithwood, Louis, Anderson, & Wahlstrom, 2004), principals in Florida are a critical 

player in any effort to improve instructional quality in mathematics classrooms. In the Florida 

school accountability system, principals are held ultimately accountable for all facets of school 

reform and student learning. As described in state statute, Florida’s successful school principals 

monitor the success of all students in the learning environment; align the curriculum; instruction 

and assessment processes to promote effective student performance; and use a variety of 

benchmarks, learning expectations and feedback measures to ensure accountability for all 

participants engaged in the educational process.  

One critical aspect of this instructional leadership is the act of classroom observation. 

Principals observe all classrooms (more often for teachers in their first three years), provide 

feedback to teachers, and negotiate individual professional development plans with teachers. 

Principals are legally responsible for writing and maintaining their school improvement plan 

(Rule 6A-5.080 (c), FAC). Further, principal observations are valid and reliable evidence in a 

court of law, indicating that school principals, above any other single role in the education 

system, are expected to be expert observers of classroom instruction. For these and many other 

reasons, the observation of classroom instruction by the school principal is a critically important 

phenomenon in the daily activity of an elementary school. 
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Experiences Working with Principals 

While many state policymakers and national leaders call for improved content standards and 

assessment of student learning, very little attention goes to the classroom instruction that 

provides the bridge between state standards and assessment. “Reforming a relationship between 

teachers and children by remote control simply cannot be done” (Sowell & Zambo, 1997). I have 

personally viewed this problem from a variety of perspectives. I assert that no single role in the 

education system (considering teachers, students, parents, university educators, principals, 

district and state administrators, and state and national policymakers) has the potential to enact 

more meaningful change in instruction and classroom culture than the school principal. 

I have had the pleasure of serving as a teacher educator for both practicing teachers and 

prospective teachers. It has been my perception that teacher knowledge in mathematics is not as 

deep as it could be. At the same time, I see that practicing teachers exhibit a thirst for knowledge 

in mathematics, an enthusiasm for learning mathematics, and a desire and excitement to share 

their mathematics knowledge with their students.  

For two years, I worked as a graduate assistant on a teacher education professional 

development grant. Our team designed two-week institutes for intermediate and middle grades 

teachers in Algebra and algebraic thinking. We would meet with these same teachers for one day 

each month during the school year. Between these days, we would visit the teachers’ classrooms 

to observe them teaching or even teach lessons ourselves. During visits to teachers’ schools over 

these years, I encouraged practicing teachers to include problem solving in mathematics 

instruction, improve the quality of classroom discourse, involve informal (formative and 

educative) assessment strategies, and promote students to make sense of mathematics. During 

this time, a considerable number of these teachers reported to me that they would like to teach 

more open-ended, problem-solving lessons in mathematics that include more student talking and 

interaction between students, but these teachers reportedly believed that they were hindered from 

doing so. They alleged that their principal wanted to see quiet classrooms with orderly rows and 

students making evident progress toward a clearly stated learning goal, and they felt this was a 

hindrance to making positive changes to mathematics instruction in their schools. 

The central role of the principal became evident to me during these years of school visits to 

engage in lesson study with teachers in the program. Prior to this, the status of the school 

principal was not on my radar because of my limited experience as a teacher in a K-12 school. 
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Despite the previously mentioned teachers’ comments to me, I did not begin to grasp the 

importance of the principal’s role until my subsequent experience when I agreed to substitute for 

the last few months of the school year in an 8th grade Algebra classroom for a teacher on absence 

for maternity leave. 

Accustomed to teaching mathematics at the university level without any classroom 

supervision, I had not experienced being observed by a principal until the first time it happened 

(quite unexpectedly). This was a stressful experience for me, as I believe it is for all teachers 

who believe that they are being evaluated during a classroom visit by the principal. Remarkably, 

my experience seemed quite contrary to the reported experiences of the aforementioned teachers 

who had previously related their experiences and beliefs to me. My principal hired me with the 

understanding that I would teach conceptually and not be tethered to the textbook. These were 

her requests, and I was pleased to have been provided the opportunity to design and implement 

mathematics instruction under these supportive conditions. On the day I was unexpectedly 

observed, the principal arrived at a moment where I was engaged in a power struggle with an 8th 

grade girl. She was winning this particular struggle. Adding to my embarrassment, the whole 

class was looking at an example in the book at the moment the principal arrived. I was concerned 

that the principal would be disappointed that I had them in a lecture-style lesson based on 

something from the book rather than solving open problems without the book. The principal did 

not verbally express disappointment, but the moment was firmly planted in my mind. I reflected 

extensively on this moment and made significant instructional changes as a result of that 

encounter with my principal making a classroom walkthrough. 

My next professional experience was to be the state supervisor of mathematics in Florida 

while the state mathematics community was engaged in the process of revising and adopting its 

curriculum standards for mathematics. These revised standards were perceived to be radically 

different from the previous standards. Both sets of Florida’s mathematics standards were 

modeled on documents created by the NCTM, and the revised standards for K-8 were structured 

directly upon the format of the Curriculum Focal Points (2006). As the state supervisor, my 

duties were to coordinate and monitor the writing and enactment of state policy regarding 

mathematics curriculum, instruction, and assessment as well as monitor the professional 

development of mathematics teachers.  
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Throughout this experience, revising, adopting, and implementing the new state curriculum 

standards, the mathematical education of teachers (both practicing teachers and prospective 

teachers) was an immediate concern of policymakers and school districts. Along with this 

concern was a concern about alignment of state assessment and the list of state-approved 

instructional materials. As I worked with teachers to understand the new state content standards, 

create course descriptions, align state assessment with new standards, etc., it occurred to me (and 

many others) that we as a state were not thinking systemically. We were not planning to provide 

training or learning experiences for school principals to understand the vision in the newly 

adopted mathematics standards. Reflecting upon my experiences as a teacher and a teacher 

educator, I feared that this was a grave oversight. Given that teachers had often reported to me 

that their principals did not support their attempts to implement Standards-based instruction, I 

thought it might be important to work with principals. Other research indicates that these 

teachers’ experiences may be the norm, or even the rule (Nelson & Sassi, 2005). The only way to 

improve the mathematics education of students and teachers in a large-scale, systemic manner 

will be to make it happen in a job-embedded way through communities of instructional practice 

based within schools (Cobb, McClain, Lambert, & Dean, 2003; Smith, 2001; Stigler & Hiebert, 

1999). 

I became involved with a project to provide professional development to principals in order 

to support teachers who wished to make the transition from traditional instruction to Standards-

based instruction. Based on teacher reports and extant research (Nelson & Sassi, 2005; Weiss, 

Pasley, Smith, Banilower, & Heck, 2003), I went into this training believing that principals were 

looking for surface-level, behavioral features in classroom observations that, more often than 

not, are not related to the critical aspects such as evidence of student conceptions or the 

mathematical significance of a lesson. Based on the research I read and the teacher reports I 

received, I believed principals wanted quiet classrooms with teachers providing direct instruction 

in mathematics. In other words, the preconception (or prejudice) I held regarding principals is 

that they preferred what is commonly referred to as “traditional” instruction in mathematics. 

In the first few sessions working with principals, I learned that reality is much more 

complicated than my preconceived notions based upon the literature, personal experiences as a 

teacher, and teacher allegations regarding the beliefs of their school principals. Importantly, 
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principals reported that they would like to see mathematics classrooms that are active and 

involve inquiry-learning (their words). I had not expected to hear that on the first day. 

In attempt to situate our discussion into the principals’ roles as supervisors of instruction, we 

watched videos of mathematics instruction together and discussed the videos in small groups and 

as a whole group. During these discussions, I noticed what I considered to be some discrepancy 

between what principals stated they wanted to see in classroom instruction and what was 

remarkable to them in the videos. In particular, I believe that one video we watched showcases 

an example of rich classroom discourse with students sharing their thinking extensively and the 

teacher, quite literally, playing the role of “guide on the side.” After watching the video, some 

principals described it as “inquiry learning.” But the principals as a whole primarily remarked 

upon the absence of a prominently displayed learning objective, complained that the students 

were not engaged, noted the level of equity between boys and girls talking, discussed the wait 

time allowed during teacher questions, and remarked that the teacher did not move around the 

room in a sufficient manner. This is in spite of the fact that almost all of the students in the class 

share their thinking publicly at one point or another in the 12 minute video, and five students 

stand in front of the class, face the rest of the students, and communicate their unique approaches 

to the same problem. I believed there was dissonance between what principals stated they wanted 

to see in mathematics class (i.e., “inquiry-learning”) and what they remark upon when they 

watch and discuss classroom instruction. This was consistent in two groups of 50 current school 

principals, representing a veritable cross-section of 100 principals from across the state. 

Because I had the confusing experience of showing a video of what I believed to be an 

example of exemplary mathematics instruction to a room full of principals who tore it apart, I 

showed the same video at a conference to 100 district mathematics curriculum supervisors. I 

wanted to know if I was alone in my admiration of this short video of classroom instruction. 

After the video clip, I asked the district mathematics supervisors to give me a “thumbs up” or 

“thumbs down” to let me know what they thought of the video. All thumbs in the room were 

emphatically up. 

Subsequently, I asked principals to view a video of classroom instruction that I would 

consider to be high quality. These principals used the Reformed Teaching Observation Protocol 

(Piburn et al., 2000; Sawada et al., 2000) to rate the video. Based upon principal comments from 

the previous session, I expected these principals to rate the video low. Rather, the principals rated 
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the video quite high. In fact, out of 45 principals, every principal rated the video higher than the 

mean rating of a group of 30 mathematics and science specialists. All of this conflicting 

information was quite confusing to me. 

Collectively, these anecdotes and research results suggest that there is ample opportunity for 

interactions between principals and teachers to have a potential for improving instruction, 

student learning, and teacher knowledge in mathematics. It is likely that the professional 

development benefits and potential of these classroom observations, private discussions between 

principal and teacher, and ensuing individual professional development plans for teachers depend 

upon the principal’s knowledge, beliefs, and expertise in supervising mathematics instruction.  

The principal’s ability to understand the reform efforts and identify the difference between a 

Standards-based classroom environment and a traditional classroom environment is critical for 

instituting change. Nelson and Sassi (2000) argue that, “in order (for principals) to understand 

classrooms that are functioning to help students construct subject-matter knowledge, knowledge 

of pedagogical process and content knowledge must be fused” (p. 558). Stein and Nelson (2003) 

identified this fusion between leadership skill and subject-specific content and pedagogical 

knowledge as leadership content knowledge, stating “distinguishing leadership knowledge that 

must be subject specific, from leadership knowledge that can be generic, is an empirical question 

for future research” (p. 445). We know, in general, that principal instructional leadership 

enhances teacher practice and student achievement. On the other hand, very little is known about 

what principals notice when they conduct classroom observations. In particular, very little is 

known about whether principals are looking for the aspects of mathematics instruction as they 

are described in the NCTM Standards (2000). 

Purpose Statement 

The purpose of this study is to gain insight into principal perceptions of mathematics 

instruction. This study was conducted with 78 elementary school principals who volunteered to 

participate in a one-year series of professional development workshops related to the newly 

revised state content standards in mathematics and science. A mixed-methods approach was 

used. The results of this study will provide guidance for professional development efforts to 

support school principals in their role as teacher leaders in mathematics as well as provide 

information for development of a classroom observation protocol for describing a Standards-

based learning environment that may be used by principals with high reliability and validity. 



 11

Principal expertise in observing mathematics instruction was measured using the Reformed 

Teaching Observation Protocol (Piburn et al., 2000; Sawada et al., 2000). I compared the 

individual principals’ ratings of videos of mathematics instruction with mathematics specialists’ 

ratings of the same videos. Mathematics content knowledge was measured by the Learning 

Mathematics for Teaching instrument, which assesses teacher knowledge of mathematics content 

and student thinking at the elementary-level (Hill, Ball, & Schilling, 2008; Hill, Schilling, & 

Ball, 2004).  

The quantitative aspect of this study tested an aspect of the theory of leadership content 

knowledge (Stein & Nelson, 2003) which suggests that principal expertise in observing 

mathematics instruction and providing leadership in mathematics instruction is dependent, in 

part, upon their knowledge of mathematics. The study explored the extent to which knowledge of 

content and students in mathematics explains a principal’s classroom observation expertise in 

mathematics.  

The qualitative aspect of this study looked for the elements of classroom instruction that 

principals collectively tend to notice and the words they use to describe their observations. I 

expected that a structured measurement instrument that allows quantitative analysis would not 

capture what principals actually notice in daily classroom observation practice. An open-ended 

form for principals to write their impressions of videos of mathematics instruction was utilized in 

order to identify the aspects of classroom instruction that principals typically notice. Principal 

responses were coded and compiled in order to provide a current description of how principals 

tend to describe classroom instruction in mathematics. 

Research Questions 

This exploratory study was guided by the following three research questions: 

1) What is the relationship between elementary principals’ knowledge in mathematics and 

their level of expertise in classroom observation of elementary mathematics 

instruction? 

2) What elements of mathematics instruction are consistently interpreted similarly or 

dissimilarly between mathematics specialists and elementary school principals? 

3) What do elementary school principals commonly notice or look for when observing 

mathematics instruction? 
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Significance 

The results of this study will primarily serve as a guide for future efforts in professional 

development for school principals. Elements of mathematics instruction that are interpreted 

consistently between principals and between principals and the mathematics experts will be de-

emphasized in professional development. Conversely, the elements that are interpreted with the 

largest variation between principals and the largest discrepancy between the group of principals 

and the group of mathematics experts will be emphasized in professional development for school 

principals. It is hoped that this research will also inform university preparation of school 

principals so that they may be more effective instructional leaders. 

This study will begin to develop a method of measuring expertise in the observation of 

mathematics instruction. The development of this measurement methodology will enable testing 

of the concept of Leadership Content Knowledge (Stein & Nelson, 2003) at a larger scale than 

has previously been conducted. At the same time, this study is limited in the sense that the 

classroom instruction that principals observed did not contain examples of teachers making any 

egregious mathematical errors. It will be important to continue this work with additional 

examples of classroom instruction in order to better understand the phenomenon. 

Perhaps most importantly, this study provides a current snapshot of the way in which 

principals view mathematics instruction. It is important for university educators to know what 

principals expect teachers to do during mathematics instruction. It is also important to compare 

this with what mathematics experts expect teachers to do during mathematics instruction. This 

study allows such comparison. 
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CHAPTER 2 

LITERATURE REVIEW 

 

In this chapter, literature related to the most current thinking about the nature of mathematics 

knowledge and teacher content knowledge in mathematics is presented. Two different but 

conciliatory theoretical perspectives on principal instructional leadership and classroom 

observation are shared. A theory of instructional leadership followed by a lens through which 

one may view the perceptions of an instructional supervisor is introduced. The results of several 

prior studies relating knowledge, beliefs, and behaviors of instructional leaders are discussed. 

Mathematics Knowledge 

The traditional model of United States school mathematics has evolved over two centuries of 

public schooling. In this traditional model, the mathematics teacher dispenses information about 

mathematics to students; students are expected to memorize and apply this information 

deductively and appropriately, typically using it to solve routine exercises that are bountiful, 

similar, and chiefly involving the manipulation of numbers (Barbeau, 1989; Goodlad, 1984; 

Stake & Easley, 1978). This model is often referred to casually as traditional instruction in 

mathematics. It is through learning mathematics and implicitly learning how to teach through 

this traditional model that the majority of elementary school teachers and principals formed their 

vision of what it is to teach, learn, and do mathematics (Lortie, 1975). 

To succeed in school mathematics, it is no longer sufficient to know number facts, 

algorithms, and definitions. To be a mathematician, in fact, it never was sufficient to know these 

facts. Curiously, the discipline of K-12 school mathematics has traditionally been disparate from 

the discipline of mathematics or the nature of mathematics itself. Propelled in large part by the 

vision for school mathematics embodied by the NCTM Standards documents (1989, 1991, 1995, 

2000, 2006), the nature of the discipline of school mathematics and expectations for student 

learning is changing. 

Reformers of mathematics education have argued for dramatic changes in the expectations of 

what America’s students know and should be able to do mathematically. Relatively strong 

consensus regarding a vision for the discipline of school mathematics has been reached 

(McLeod, 2003) and is described in the Principles and Standards for School Mathematics 

(McLeod, 2003; National Council of Teachers of Mathematics, 2000). Within this reform-



 14

oriented vision of mathematics, students are expected to solve real-world, meaningful 

mathematics problems, explore conjectures that may or may not always be correct when students 

first state them, justify and compare different solution methods for a given problem, select 

appropriate representations of mathematical concepts, communicate ideas using such 

representations, and participate in mathematics in a manner that is much more closely aligned to 

the way in which mathematicians participate. The nature of this vision of school mathematics is 

much closer to that of the nature of the discipline of mathematics than what has become the 

traditional model of school mathematics in the United States.  

This means that students learn mathematics by doing mathematics under the guidance and 

instruction of a teacher both alone and with their peers in the current conception of what it means 

to create knowledge of mathematics in students. In this vision of learning mathematics, students 

learn mathematics at their own level in a manner that is similar to the way in which more mature 

mathematicians work and learn. They tackle open (to them) problems, occasionally take long 

trips down pathways that may not lead to a correct solution, monitor their own thinking and 

reasoning and the thinking and reasoning of their peers, and collaborate to solve problems that 

may take an extended period of time to solve. Accepting that knowledge is an ever-changing 

conception, assessment of learning is not properly conducted by comparing interim products of 

students’ work with those sanctioned by an external authority. Knowledge is more appropriately 

assessed in this system by a stronger emphasis on self-reflection, metacognition, and peer 

feedback. Just as it is in the discipline of mathematics, the underlying reasoning is most critical. 

This reform-oriented view of the inextricably interwoven body of school mathematics 

curriculum, instruction, and assessment is referred to in this study as the Standards-based 

approach to teaching and learning. 

The contemporary view regarding the education of students (and teachers) in mathematics is 

supported by new views on the conception of knowledge. There does exist a set of immutable 

facts and useful algorithms within the field of mathematics. These facts are typically discovered 

through inductive and typically indirect processes, but they are traditionally shared through 

deductive processes in the traditional model of school mathematics. To engage in doing 

mathematics is to engage in these inductive processes in order to solve problems and generate 

mathematics knowledge. This conception of the knowledge of mathematics is not characterized 

as a fixed body of immutable facts and procedures. Freudenthal may have stated it best when he 
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wrote “No mathematical idea has ever been published in the way it was discovered” (1983, p. 

ix). Knowledge of mathematics is a dynamic and conditional product created by and residing 

between individuals working within communities of practice.  

Mathematics Knowledge for Teaching 

It is accepted that teacher content knowledge in mathematics is a critical attribute of an 

effective mathematics teacher. Exactly what extent or type of knowledge in mathematics is 

necessary for effective teaching at the elementary level is not known. Suggesting that there is 

some intersection of pure content knowledge and pure pedagogical knowledge required for 

optimal teaching effectiveness, Shulman coined the term Pedagogical Content Knowledge (PCK) 

(1986).  

Since the PCK notion has been introduced, many fields in education and other scholarly 

activity have accepted and adopted the notion of PCK. Hill, Ball, and Schilling (2008) argue that 

there is a dearth of measurement tools to measure the specific content knowledge required for 

teaching elementary school. Despite the widespread popularity of the concept of PCK for more 

than 20 years now, there is an astounding absence of rigorously developed instruments for 

measuring PCK in mathematics.  

Attempting to attain conceptual and empirical clarity regarding PCK, Hill, Ball, and Schilling 

have reconceptualized PCK into knowledge of content and students (2008). Utilizing item 

response theory, they developed multiple scales to measure content knowledge specific to 

teaching elementary mathematics topics, such as Number Sense and Operations or Patterns, 

Functions, and Algebra. These scales were developed through an iterative process over the 

course of a decade of research. The various iterations have been used as pre- and post-tests for 

teachers in professional development as well as developed through a large-scale process of 

mailed surveys to practicing teachers. Considered to be measures of a type of content knowledge 

that is more valid to the specific content knowledge that is required of an elementary school 

teacher, the scales developed through this process are currently the most rigorously developed, 

valid, and reliable measures that exist for measuring content knowledge for teaching elementary 

mathematics (Ball, Hill, & Bass, 2005; Ball, Thames, & Phelps, in press; Hill & Ball, 2004; Hill, 

Ball, & Schilling, 2008; Hill, Rowan, & Ball, 2005; Hill, Schilling, & Ball, 2004). 
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Subject Matters 

Sherin (2001) identifies major differences between how mathematics education researchers 

and experienced mathematics teachers view mathematics instruction, while she also reports a 

high degree of within-group consistency. Bereiter (2002) claims that recognizing exemplary 

practice in teaching is rare. Studies by Fong and Woodruff (2003) support this claim. They 

conclude “when teachers are presented with notions or situations that fall outside of their tacit 

frames, they fail to recognize models of exemplary practice as being ‘exemplary’ ” (p. 209). The 

same may be true for principals. This may be particularly true in mathematics, where elementary 

principals are rarely mathematics specialists. The degree of consistency or similarity between 

how elementary school principals interpret and discuss mathematics instruction and how teachers 

and researchers view mathematics instruction is not known. 

Evidence suggests that teacher beliefs about learning and instruction differ by school subject 

and that the level of principal awareness is much higher for reading reform initiatives than for 

mathematics initiatives (Burch & Spillane, 2003; Hayton & Spillane, in press; Spillane, 2005; 

Stodolosky, 1988; Stodolsky & Grossman, 1995). In a study involving 16 high schools and over 

500 teachers, Rowan (2001) found that mathematics teachers were more likely to subscribe to 

behaviorist theories about learning and instruction than English teachers who subscribed more 

often to constructivist theories of teaching and learning. Other researchers find that mathematics 

teachers are more likely than teachers of other subject areas to believe that their work is routine 

and sequential (Burch & Spillane, 2003; Hayton & Spillane, in press; Sherin, 2001; Spillane, 

2005). 

Cobb et al. (2003) suggest the existence of a schism between the views of mathematics 

leaders and school principals. They report that school principals typically believed mathematics 

teaching to be a relatively routine activity, while mathematics leaders considered mathematics 

teaching to be a highly complex endeavor demanding knowledge of mathematics subject matter, 

student reasoning, and more.  

Reed, Goldsmith, and Nelson (2006) conducted a mixed-methods study of elementary and 

middle grades teachers and principals. This study was designed to address research questions 

exploring the way in which the mathematics content knowledge of principals affects their 

practice as instructional leaders, particularly in terms of classroom observation and judgment 

regarding quality of instruction and interactions with teachers regarding quality of instruction. 
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The purpose of this research was to characterize the role of principal content knowledge in 

mathematics with a larger sample of principals and schools than had previously been done. They 

wanted to know the degree to which teachers and principals perceive principal instructional 

leadership similarly, and the degree of perspective of teaching and learning within each school so 

that they could examine how this internal consistency might affect instructional quality. 

The study included surveys about beliefs and self-report data from both teachers and 

principals regarding principal observation practice. The surveys obtained information about 

principal and teacher beliefs about mathematics (subject matter as well as teaching and learning) 

and principal practice in classroom observations. Data included surveys from approximately 800 

teachers and 500 principals from elementary and middle grades, all in the United States and all 

East of the Mississippi river. The quantitative piece of the study did not include judgment or 

feedback to teachers, but the qualitative case studies of principals and schools included 

observations of principal interactions with teachers and principal observations of classroom 

instruction.  

Seven percent of the 800 teachers in the study report that principals did not observe them at 

all. Forty-eight percent report 1 or 2 visits per year, while 26% report 3 or 4 visits per year. 

Nineteen percent of the teachers reported principals observing their mathematics classrooms 5 

times or more during the school year. There was no correlation between years of experience of 

teachers and the number of times that principals observed them. Seventy-six percent of the 

teachers had taught between 4 and 20 years. Forty-three percent of the teachers in the study 

reported that principal visits to their classrooms are less than 15 minutes; only 9% of teachers 

reported visits lasting 45 minutes or more.  

In their survey of 500 elementary and middle grades principals, Reed et al (2006) found that 

only 45% of principals reported being “comfortable with mathematics.” Thirty-nine percent of 

the teachers report looking to their principal for support in improving mathematics instruction. In 

spite of these principal observations and instructional conferences being widespread and 

common, there is a disturbingly thin body of empirical research that has been conducted 

regarding the nature and substance of these common interactions between principal and teacher 

related to mathematics instruction.  

Survey data collected by Reed et al indicate high agreement between teachers and principals 

alike upon items relating to the importance of instructional methods supported by the NCTM 
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Standards such as group work, discussions, and the use of manipulatives. Principals in this 

survey agree upon four items in the scale more than any others; between 80 and 93 percent of 

principals agreed that students should discuss ideas, work together on tasks, use models and 

visual aids, and show their work when solving problems. On the other hand, there was more 

variability and disagreement on items related to how mathematics concepts are learned and 

taught. This trend has been identified in other studies of both principals and teachers, although 

the studies involving principals have been at a small scale (Cohen & Hill, 2001; Nelson & Sassi, 

2000). Potential explanations for this apparent discrepancy exist in studies cited above regarding 

teacher and administrators’ beliefs about how mathematics is learned and should be taught 

(Burch & Spillane, 2003; Nelson & Sassi, 2000; Spillane, 2000). 

Theoretical Perspective 

Nguyen (2000) discusses a report from the National Center for Educational Statistics that 

claims that high quality instruction “is both elusive and obvious at the same time.” The NCES 

report warns that good teaching is threatened as being defined too narrowly or too vaguely. Both 

Nguyen and the NCES report accept the “I-know-it-when-I-see-it-principle” for identifying good 

teaching (Nguyen, 2000). I believe that the “ability to see” described by the Nguyen or the NCES 

report is intolerable and insufficient for good science, for effective implementation of policy, or 

for professional observation of instruction.  

Professional Vision 

When a supervisor of classroom instruction views a lesson, he or she looks for certain aspects 

of instruction. Some scholars suggest that one kind of teaching expertise is the ability to “see” 

the important learning aspects embodied in a classroom (Berliner, 1994; Frederiksen, 1992; van 

Es & Sherin, 2002). The practice of determining which aspects of a given phenomena to attend 

to has been called “practical judgment” (Fenstermacher & Richardson, 1993; Nussbaum, 1990; 

Pendlebury, 1995; Vickers, 1965; Wiggins, 1978). The notion of practical judgment can be 

traced as far back as the writings of Aristotle. For a concise, well-written history of the 

epistemological paradigms that guided instructional supervisors’ practical judgment, see Nelson 

and Sassi (2000). 

The research questions guiding this study refer to what principals “notice” when they observe 

classroom instruction. What I mean by what a principal notices in an episode of classroom 

observation episode is related to Wiggins’ notion of an appreciative system. One aspect of this 
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notion of an appreciative system suggests that a person may notice or fail to notice a critical 

aspect of mathematics instruction depending on the particular setting of their appreciative 

system. In Vickers’ view, any person’s appreciative system has a certain setting, or “a set of 

readinesses to distinguish some aspects of a situation rather than others and to classify and value 

these in this way rather than that” (1965, p. 68). 

It is very possible for something to exist and be very real to one person, while another person 

may not notice the phenomenon at all. This aspect of an appreciative system is very important in 

this study. Another aspect of noticing something involves the elements to which a person 

chooses to give his or her attention. The elements that one notices or pays attention to as well as 

how a person attends to these elements are central to the concept of practical judgment. Goodwin 

(1994) explored this concept through a related notion that he called professional vision. He 

defined professional vision as the particular way in which mature members of a professional 

discipline view phenomena that are part of their profession. He develops examples to illustrate 

professional vision. In the first example, he discusses the details of an archaeological site that an 

archaeologist may notice; details which may go entirely unnoticed by a non-archaeologist. 

Further, he discusses the existence of an apprenticeship that goes along with developing this 

ability to notice consistently and accurately, according to the archaeological profession. In the 

illustrative story, a graduate student works with a professor to excavate a site. The student is 

continually interpreting what is noticed while the professor either agrees or corrects the 

interpretation. 

During this process, the archaeologists use a Munsell Color Chart. This is a commonly used 

tool, printed on glossy paper, with a finite variety of hues on it. There is a hole in the paper under 

each of the many color shades to enable the dirt to be viewed directly adjacent to each shade on 

the page. The user then selects the closest shade to the actual color of dirt. Professionals in the 

field of archaeology have negotiated the color chart as a system of classification to codify some 

of the infinitely varied qualities of dirt into a finite and replicable description. But no dirt in the 

world matches precisely to any one of the single options on the chart. This mismatch is 

exacerbated by the fact that the chart is printed in glossy paper, and it is the rare patch of dirt that 

has a glossy sheen. Apprentice archaeologists develop an ability to use this color chart coding 

system with high fidelity so that members of the profession can transform elements of the 
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infinitely complex real world into finite system of codes that allow perception to fit into a 

meaningful and established professional discourse. 

Coding schemes such as the color chart are common in scientific disciplines and are central 

to the notion of professional vision. Goodwin notes that scientists agree upon coding schemes to 

circumscribe and delineate the world, and “When disparate events are viewed through a single 

coding scheme, equivalent observations become possible.” (Goodwin, 1994, p. 96). It is 

important to note that these coding schemes are delimited and negotiated within the community 

of practice that uses them. As objects or occurrences of the infinitely complex world are 

transformed into phenomenal categories in a manner that is shared through a commonly 

understood language and consistently interpreted by a professional community, the community 

develops a shared professional vision. It is reasonable to expect that principals have developed a 

shared professional vision as it relates to classroom instruction in mathematics through using 

common observation forms, classroom walkthrough instruments, attending classroom 

observation training for principals, etc. 

Leadership Content Knowledge 

In the current era, professional vision of mathematics instruction must include an awareness 

of what is valuable in mathematics, knowledge of the pedagogical processes known to be 

effective in the discipline, and awareness about what is known about how students learn 

mathematics. In the tradition of Shulman’s PCK construct, Leadership Content Knowledge 

(LCK) has been defined (Stein & Nelson, 2003). LCK includes the knowledge required to be an 

instructional leader in a given subject area, including other aspects of school leadership such as 

interacting with parents and the public, providing feedback and coaching to teachers, selecting 

instructional materials, deriving meaning from data intended to assess student knowledge, and 

more (Nelson & Sassi, 2005; Stein & D'Amico, 2000; Stein & Nelson, 2003). Effective school 

principals are expected to have a high level of LCK. 

The LCK construct suggests that a leader’s subject-specific content knowledge (or lack 

thereof) interacts in complex ways with their knowledge about how to lead. Stein and Nelson 

(2003) use three case studies to illustrate how a school leader’s instructional leadership is 

positively affected and driven by the depth of subject-specific content knowledge. Nelson and 

Sassi (2005) posit that effective principals must have a deep knowledge and awareness of the 

content matter and pedagogies specific to the content area, and they must also be aware of how 
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to facilitate learning for teachers. Instructional supervision and providing feedback to teachers or 

modeling instruction are only part of the construct of LCK, but they will be the specific 

component of interest in this study. 

Little is known about the specific content and pedagogical knowledge required for principals 

to influence student achievement or the extent to which these effects are mediated and/or 

moderated by other variables such as teacher knowledge and practice (Goldwyn, 2008; 

Leithwood, Harris, & Hopkins, 2008; Leithwood, Louis, Anderson, & Wahlstrom, 2004; 

O’Donnell & White, 2005; Waters, Marzano, & McNulty, 2003). The relatively small number of 

studies in this area have focused primarily on the direct effects of principal leadership on student 

outcomes, particularly in reading, while studies of interventions that might explicate the relations 

among school leader knowledge and practice, teacher knowledge and practice, and learning are 

missing in the literature (Witziers, Bosker, & Krüger, 2003). 

Quality of instruction, when combined with teacher characteristics, has been shown to 

contribute as much to student achievement as student background (Wenglinsky, 2002). Other 

research indicates that both the quality of classroom instruction and principal leadership are key 

variables in predicting school effectiveness and, importantly, that school leadership effects on 

student achievement appear stronger in schools with low socio-economic status. Reviews of 

studies conducted over the past 20 years concluded that principals’ influences on student 

outcomes are primarily indirect, but measurable (Hallinger, Bickman, & Davis, 1996; Hallinger 

& Heck, 1998) and that the total direct and indirect effects of leadership on student outcomes 

account for approximately 25% of the total school effects, after controlling for individual student 

characteristics (Leithwood, Louis, Anderson, & Wahlstrom, 2004). In spite of this, Glanz (1995) 

reported that preparation for instructional leadership is lacking or non-existent in textbooks used 

for preparing school administrators in universities. 

Hallinger and Heck (1996, p. 5) state that the study of instructional leadership is “complex 

and not easily subject to empirical verification.” Sheppard (1996) suggested that the most 

influential instructional behavior of principals at both the elementary and high school levels is 

the promotion of professional development for teachers. Others suggest that the practice of 

instructional leadership has been limited to one of inspection, oversight, and judgment of 

classroom instruction (Gordon, 1997). 
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Blasé and Blasé (1999) conducted extensive research on teacher’s perceptions of principal 

instructional leadership. Their analysis indicates that the evaluative model of principal 

instructional leadership reported to be in practice does not provide instructional leadership for 

teachers that improves teacher commitment, professional involvement, innovation, or classroom 

instruction. Blasé and Blasé derived the Reflection-Growth model of instructional leadership 

inductively from qualitative data collected from over 800 teachers regarding their perceptions of 

principal instructional leadership. Among the findings, Blasé and Blasé reported that teachers 

perceive their dialogue with principals inside and outside of instructional conferences as the most 

effective aspect of principal instructional leadership. This primarily involved principals giving 

feedback to teachers following observations of classroom instruction, making suggestions, and 

modeling instructional techniques for teachers. Blasé and Blasé warn that the data for this model 

of instructional leadership center on the perceptions of teachers; this perspective is highly valid, 

but it is not necessarily consistent with the perceptions of principals. There is little extant 

literature to be found that provides insight into principals’ perceptions of mathematics 

instruction. 

Principals’ Vision of Mathematics Instruction 

Research suggests that administrators’ view instruction through predictable lenses, such as 

focusing on pacing, the use of praise, lesson structure, and the existence of manipulatives or 

other materials (Darling-Hammond & Sclan, 1992; Nelson & Sassi, 1998). For an instructional 

leader or supervisor to conduct a meaningful observation of a mathematics classroom, it is 

necessary to attend to both the content of the lesson as well as pedagogical process and student 

thinking. Nelson and Sassi (2000; 2005) suggest that the principals in their study during the late 

1990s typically did not attend to mathematical thinking in the classroom. When they observed 

Standards-based mathematics classes, they tended to continue focusing on behavioral features of 

the class as they had been trained to do, but they substituted a new set of behaviors for the old. 

They were looking for the presence of manipulatives, small group discussion, students 

explaining their problem-solving strategies, etc. Nelson and Sassi (2005) categorized these 

features as easily observable, generic features that are independent of the mathematical thinking 

going on in the class. 

This suggests a need for professional development for school principals to learn to relate 

mathematics content, processes, and student thinking. For example, to be a highly trained 
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professional observer of mathematics instruction, principals must be acutely aware that it is not 

the mere presence of the manipulatives in mathematics class that is important. Rather, it is how 

the manipulatives are used to create meaning for a mathematical object that is important (Ball, 

1992). 

Nelson and Sassi (2000) used a naturalistic inquiry method to study school and district 

administrators’ classroom observations and teacher supervision in elementary mathematics. 

Basing their theoretical perspective on the concept of practical judgment, these researchers used 

extreme-case sampling (Patton, 1990) to examine administrator comments in-depth. This method 

provides high quality insight into administrator perceptions of elementary mathematics 

classrooms, but Nelson and Sassi remark that the methodology does not support generalization to 

a population of principals. 

The researchers explored the question of how administrators’ ideas about learning, teaching, 

and mathematics manifested in their perceptions of elementary mathematics classrooms (Nelson 

& Sassi, 2000). The researchers showed a video of an expert fifth-grade teacher using a 

Standards-based approach to principals. The researchers wanted to know what these principals 

found salient in the videotaped lesson. 

After viewing the 14 minute videotape twice, administrators typically mentioned general 

(non-specific) pedagogical strategies such as wait time after teacher questioning, gender bias 

issues, time segments and pacing of the lesson, evidence of student learning, student 

engagement, use of manipulatives, existence of group work, etc. The administrators typically 

failed to recognize the highly refined Standards-based approach being taken in the classroom as 

exemplary. Multiple principals described the teacher as a novice, confused, or disorganized. One 

observer, who was uncomfortable in trying to determine whether students were engaged, 

remarked upon low levels of interaction and did not remark upon mental engagement with the 

mathematics problem at all. The researchers found this type of observation to be common; 

administrators were focused on low-inference, observable behaviors. This is consistent with the 

content and philosophies of the dominant form of observation instruments that are typically in 

current use in schools (Glickman, Gordon, & Ross-Gordon, 1998). 

These researchers argued that the mathematics content, student thinking, pedagogical 

processes, and teacher assessment of student thinking were all inextricably woven in the 

Standards-based video of classroom teaching that they showed to administrators. They proposed 
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that even attending to new pedagogical processes characteristic of Standards-based classrooms is 

not sufficient for administrators to understand what is happening in these classrooms. They 

suggest that “administrators need to be able to discern the central intellectual ideas of the lesson 

and to pay attention to how they are being developed within the classroom’s structures and 

practices” (Nelson & Sassi, 2000, p. 574). 

Summary 

Various studies reported here indicate the importance of the role of the school principal in 

instructional leadership. While the attributes and behaviors of school principals have been 

studied and related to student achievement, very few studies have examined the knowledge, 

attitudes, and beliefs of principals regarding observation of classroom instruction. This is despite 

the fact that principals perform this task more than any other group, such as mathematics 

specialists or mathematics teacher educators. A handful of studies suggest that principals and 

teachers subscribe to behaviorist beliefs regarding student learning in mathematics and view 

mathematics instruction as being a sequential and relatively straightforward endeavor.  

Quite possibly the only study that has explored principal perceptions of Standards-based 

classroom instruction occurred in the mid-1990s (Nelson & Sassi, 1998, 2000). They suggested 

that some principals may have replaced some of the low-inference, observable, and subject-

neutral features of classroom instruction that they had been been trained to notice prior to the 

Standards-based reform movement with other surface-level, observable aspects of instruction 

such as the presence of manipulatives, students seated in groups, etc. Ten years later, and ten 

years further into the standards and accountability movement and the movement of principals to 

be more involved in instructional leadership, it is time to examine principal perceptions of 

mathematics instruction again. It is possible that the professional vision of principals has 

changed. In any case, it is important to characterize the contemporary professional vision of 

school principals regarding mathematics instruction in order to gauge the role and impact that 

school principals have in mediating or moderating instructional reform efforts. 

This study examined a large number of elementary school principals’ expertise in 

interpreting the language of reform-oriented mathematics instruction in the context of a 

classroom observation. The strength of the relationship between classroom observation expertise 

and mathematics knowledge was examined. A methodology for measuring the role of content 
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knowledge as it relates to the instructional supervision was developed to test the Leadership 

Content Knowledge theory. 

Additionally, the collective professional vision of school principals and their views of 

mathematics instruction was explored. This was done through comparison of items on the 

observation protocol that have high inter-rater agreement within the principal group. Qualitative 

data regarding what the principals noticed in videos of classroom instruction were analyzed in 

order to explore and document the professional vision of elementary school principals. 
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CHAPTER 3 

METHODOLOGY 

 

The leadership content knowledge construct claims that principal instructional leadership 

effectiveness is dependent upon principal knowledge in the subject area. Several case studies 

have examined principal behaviors, beliefs, and attributes related to instructional leadership in 

mathematics (Nelson & Sassi, 2005; Stein & Nelson, 2003). Leadership content knowledge and 

the associated case studies have suggested that principal instructional supervision, for example, 

is dependent upon principal knowledge in the subject domain of instruction. The findings and 

suggestions resulting from these case studies seem to make sense, but they have not been verified 

through quantitative analysis with a large sample of elementary school principals. 

This study was guided by the following three research questions. 

1) What is the relationship between elementary principals’ knowledge in 

mathematics and their level of expertise in classroom observation of elementary 

mathematics instruction? 

2) What elements of mathematics instruction are consistently interpreted similarly or 

dissimilarly between mathematics specialists and elementary school principals? 

3) What do elementary school principals commonly notice or look for when 

observing mathematics instruction? 

Using a mixed-methods approach (Creswell, 2003), I studied 78 principal’s perceptions of 

mathematics instruction. The 78 principals in this study completed a survey of their knowledge 

of mathematics (Hill, Ball, & Schilling, 2008; Hill, Schilling, & Ball, 2004) and watched three 

videos of classroom mathematics instruction. After observing the videos of mathematics 

instruction, the principals recorded their interpretations of the videos using an open-ended form 

designed for this study followed by an established, structured observation protocol for 

mathematics and science instruction (Sawada et al., 2000). A group of mathematics and teacher 

supervision experts completed the same protocol. A comparison of each principal’s rating on the 

structured protocol with the expert panel ratings determined the level of principal expertise in 

observing mathematics instruction.  

In an attempt to explore the professional vision (Goodwin, 1994) of principals related to 

mathematics instruction, the open-ended responses were analyzed for common themes and 
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language. This qualitative analysis identified those aspects of classroom mathematics instruction 

that elementary school principals typically notice and remark upon when observing mathematics 

instruction as well as differences in interpretation between principals. 

The quantitative methodology created in this study tests one aspect of the leadership content 

knowledge (LCK) theoretical construct (Stein & Nelson, 2003). This method, developed for this 

study, was used to examine the relation between individual elementary principals’ mathematics 

content knowledge and their expertise in mathematics classroom observation. A comparison of 

the aspects of mathematics instruction that principals commonly notice with the level of 

agreement within the principal group was conducted in order to inform future measurement of 

observation expertise as well as identify areas that where principal professional development 

opportunities may be beneficial. 

Participants 

This study was conducted with a statewide sample of 78 current school principals sampled 

from Florida’s approximately 1800 K-12 public elementary schools. Elementary school 

principals from across the state registered on their own volition for a year-long series of 

professional development workshops in mathematics and science designed specifically for 

school principals in Florida. The workshops were funded over the course of three consecutive 

years by a Florida Department of Education math-science partnership grant. All principals in the 

state, including public, charter, private, and virtual school principals were eligible for 

participation. 

The principals were invited to register for the professional development through direct email 

notices from the Florida Department of Education, letters and emails to their district 

superintendents, notices through the state organization of school administrators, state-wide 

newsletters for school administrators, emails notifying all mathematics and science district 

curriculum supervisors, announcements made at various statewide conferences for mathematics 

and science teachers and supervisors, and through various news articles and website references. 

The letters and emails provided a URL for a website where principals could complete and submit 

their application electronically. Prospective participants were also given the option of printing 

the application form and returning it by fax or mail. 

Approximately 1000 K-12 principals signed up for 700 spaces in the workshops. This 

constitutes a sample of approximately one fourth to one third of the total population of principals 



 28

in the state. The first 50 elementary principals and the first 50 secondary principals to apply were 

invited to participate in an initial year-long sequence of principal workshops in mathematics and 

science instructional leadership beginning in April 2008 for the elementary group and in July 

2008 for the secondary group. These principal cohorts constituted a pilot group for the first year 

of professional development. The remaining principals were randomly assigned to 12 cohorts 

with a maximum of 50 participants in each cohort, leaving 300 principals on a waiting list. 

Figure 1 contains a chart depicting the population of principals in the state, the principals 

who volunteered for the professional development opportunity, and the randomly assigned 

cohorts. P1E and P2S are the first two pilot cohorts of elementary and secondary principals, 

respectively. A1E, A2E, A3E, and A4E are the four cohorts of the elementary principals who 

were invited to participate in professional development during 2009. This A-group were the 

treatment group principals for a large-scale, randomized controlled trial studying the 

effectiveness of the professional development. Groups B1E, B2E, and B3E are the elementary 

principals in the wait-list control groups for the randomized-controlled trial (RCT) studying the 

effectiveness of the professional development. The B-group principals (B1E, B2E, and B3E) 

were invited to participate in professional development during calendar year 2010, and were not 

invited to participate in this dissertation study due to their status as a control group. 
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Figure 1. Diagram of the population of school principals in Florida. 

 

All of the principals from the seven elementary cohorts were invited in November and 

December 2008 to participate in a research study associated with the professional development. 

Principals from all seven cohorts who consented to be part of the research study engaged in a full 

day of pretesting in January 2009 prior to the first day of professional development. A total of 

154 principals from the A1E, A2E, A3E, A4E, B1E, B2E, and B3E cohorts volunteered to 

participate in the RCT and participated in pretesting in January 2009. 

Only principals from the elementary cohorts A1E, A2E, A3E, and A4E who participated in 

January 2009 pretesting for the randomized-controlled trial on the effects of the professional 

development were eligible to participate in this dissertation study due to the control-group status 

of the B-group principals. The data collected for this dissertation study were collected during the 

first days of the professional development workshops and during a full-day pretesting session for 

the randomized-controlled trial.  

There were 129 principals from cohorts A1E, A2E, A3E, and A4E who attended the first 

days of professional development. The discrepancy between 200 and 129 resulted from 

principals who were transferred between November and January, principals who were no-shows 

~  School Principals in Florida
Waiting list
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for the professional development, and principals who contacted the professional development 

providers and asked to switch to one of the B1E, B2E, and B3E cohorts. Of these 129 principals, 

88 of them participated in January pretesting for the randomized-controlled trial. Of these 88 

principals, 78 principals provided informed consent for both research studies and completed all 

of the 6 required forms (survey of mathematics content knowledge, structured observation 

protocols for all three videos, and semi-structured, open-ended observation protocols for Videos 

Two and Three) for this dissertation study. Thus, I collected a full and complete data set for 78 

out of 88 potential participants. 

School Demographics 

All of the principals in this study were current principals of Florida public schools at the time 

of data collection. Sixty-nine of the principals led public schools (including public magnet 

schools), and 5 led charter schools. Four principals did not provide information about their 

school type (i.e., charter, magnet, etc.). 

The mean number of students enrolled in these principals’ schools was 605, and the median 

was 600. The largest school served 1123 students, while the smallest served 60 students. 

Seventeen of the principals reported that their schools met the state criteria for adequate yearly 

progress, while 55 reported that their schools did not. Six principals did not respond to this 

question. 

Forty-seven principals in this study reported that their schools were currently assigned Title I 

status. Six principals did not report Title I status. The mean reported percent of students 

designated as eligible to receive free and reduced price lunch was 63%; the median was 68%. 

The reported percents of students in their schools designated as eligible to receive free and 

reduced price lunch ranged between 0% and 99%. The mean percent of students designated as 

English language learners was 14%, while the median was 8%. The percent of students 

designated as English language learners in the participant’s schools ranged from 0% to 55%. 

Formal Educational Background 

In the state of Florida, principals are required to hold a Master’s degree or higher in order to 

be certified as a school principal. Table 1 shows the distribution of the highest degree earned by 

the principals in this study. When asked to report their major field of study in undergraduate 

school, the majority of participants reported elementary education or a similar area. Three 

participants reported earning undergraduate degrees in chemistry; no participant reported a 
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degree in mathematics or mathematics education. The dominant graduate degree type was 

educational leadership or administration, with 64% of respondents reporting educational 

leadership as their area of graduate work. Twenty-one percent of respondents did not report their 

major field of study in undergraduate or graduate school. 

 

 

 

 

 

 

 

 

 

 
Experience as a Principal 

The surveys collecting demographic data were administered in January 2009, and the 

respondents were instructed to count each year for which they were principal for at least half of 

the year. The mean number of years that principals reported holding their current position as 

principal at their current school is 4.13, with 16 being the longest term and 0 being the lowest. 

The median number of years as principal at their current school was 3. Table 2 summarizes the 

number of years of experience the study group principals had at any of the elementary, middle, 

and high school levels. 

 

 

 

 

 

 

 

Experience as a Teacher 

The mean number of years of experience as a teacher was 11.5. Four percent of these 

principals reported fewer than three years of experience as a teacher. Nine percent of these 

Table 1. Highest level of degree earned by study participants. 

Level Percent of Participants 

Masters 74% 

Education Specialist 14% 

Doctorate 10% 

No Response 1% 

Table 2. Participant's years of experience as an elementary school principal. 

Years Experience 1-3 4-6 7-10 > 10 No Response 

Number of Participants 29 22 16 10 1 
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principals reported 3-5 years of experience as a teacher, and 78% of the participants reported 

greater than 5 years of experience as a teacher. Nine percent of the respondents did not answer 

this question. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding state certification for teaching, 67% of the principals in this study reported holding 

current Elementary Education certification. Twenty-one percent hold Prekindergarten/Primary 

grades certification. Two principals (3% of the principals) were certified to teach secondary-level 

mathematics. The certifications and endorsements reported by principals are listed in Table 4. 

Table 3. Participant's years of teaching experience by subject and level. 

Grade Level None 
1 or 

fewer 2-3 4-6 7-10 >10 
No 

Response 

Elementary 

(K-5) 
22% 3% 4% 14% 18% 36% 4% 

Middle School, 
mathematics 

88% 1% 1% 0% 1% 1% 6% 

Middle School, 
science 

81% 3% 1% 3% 5% 0% 8% 

Middle School, 
Integrated 

mathematics & 
science 

94% 0% 0% 0% 0% 0% 6% 

Middle School, 
other 

71% 8% 5% 6% 5% 0% 5% 

High School, 
mathematics 

87% 3% 0% 1% 0% 1% 8% 

High School, 
science 

88% 1% 0% 1% 0% 1% 8% 

High School, 
Integrated math & 

science 
92% 0% 0% 0% 0% 0% 8% 

High School, 
other 

82% 3% 3% 1% 1% 3% 8% 

Other 76% 4% 8% 4% 3% 1% 5% 
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Data Collection and Instruments 

The data were gathered in two phases. Initial consent for participation for the larger study 

and six surveys collecting, among other data, demographic information, measurement of 

mathematics knowledge for teaching, and the completion of the observation protocol for one 

video of classroom instruction was gathered at a special face-to-face pretesting session held in 

January 2009 prior to the start of the professional development workshops. Data collected 

through three of the six surveys used for pretesting of the larger study were used in this current 

study. All three of the surveys had been administered to a pilot group an received focused 

feedback prior to use in this study. Subsequent consent and video observation data were gathered 

after two days of the 8-day professional development workshops. The first two days of the 

workshops focused on structural changes to the newly revised and adopted state curriculum 

standards and an introduction to the NCTM Process Standards, the NRC Strands of Mathematics 

Proficiency, and Depth of Knowledge (Webb, 1999). 

Phase One of Data Collection 

The surveys in phase one of data collection were administered at eleven different locations in 

four days across the state of Florida in an attempt to increase participation rates by minimizing 

travel time for the principals. The surveys were administered in person rather than online in order 

Table 4. Percent of participants holding current state certifications and endorsements. 

Certifications/Endorsements % of 
Participants

Certifications/Endorsements % of 
Participants

Elem. Education 67 
Professional Service (e.g., 

guidance counseling) 
9 PreK/Primary 21 

6-12 English 9 

Middle Mathematics 1 
Exceptional Student 

Education 
14 

6-12 Mathematics 3 
K-12 English to speakers of 

other languages 
14 

6-12 Chemistry 4 Gifted 17 

6-12 Earth/Space 1 Educational Leadership 72 

6-12 Physics 1 Gifted 17 

K-12 Reading 5 School Principal 77 
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to preserve the integrity of the data and not allow the participants to consult people or other 

resources when they completed the mathematics and science knowledge surveys. Three different 

teams of researchers gathered the data. Each of the three teams followed the same script for 

administering the surveys. The script included instructions for administering the surveys, 

including recommendations on how to answer potential questions, how to avoid dispersion of 

results through sharing of answers, and so forth. Appendix E contains the agenda for the one-day 

pretesting session. Appendices A and B contain the scripts for the proctors of the mathematics 

knowledge exam and the video observation protocol. During the data collection for the 

observation of video, principals were asked to refrain from commenting on or discussing the 

video until after the researchers had collected all of the observation protocol papers. 

As an incentive for participation in the research study, each principal participant received a 

$200 gift card as an incentive for participation in all surveys during the one-day session. The 

same participants were promised a $300 gift card to participate in post-testing in December 

2009. As an added value for principals who participated, the researchers provided information 

about the recently revised state standards for mathematics and science as well as information 

about pending changes to state assessment for mathematics and science. Participation in the one-

day session was not a requirement for participation in the year-long series of workshops.  

All principals registered in the elementary cohorts A1E, A2E, A3E, A4E, B1E, B2E, and 

B3E (i.e. the cohorts from workshop years 2009 and 2010, respectively) of the professional 

development workshops were invited to participate in the larger study both by email and by 

hardcopy letter between April and November 2008. Principal consent to participate in the larger 

study was gathered online through an additional survey tool upon acceptance of an invitation 

letter to participate in the research study associated with the principal professional development. 

Hard copies of this consent form were available in the face-to-face pretesting days in the event 

that a principal had not completed it online. The consent form with explanation of the larger 

study may be found in Appendix C. Principal consent for phase one included three parts: consent 

for participating in the study, consent for participating in the more in-depth study, and consent to 

allow FCR-STEM and Westat to share data. 

One survey that principals completed in phase one gathered demographic data such as the 

principals’ educational background, areas of state certification, and teaching experience. This 

survey also gathered information about their schools, such as the total number of students 
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enrolled and the percentage of students eligible for free or reduced lunch. The second survey was 

designed to measure teacher content knowledge for teaching elementary mathematics (Hill, Ball, 

& Schilling, 2008; Hill, Schilling, & Ball, 2004). The Elementary Patterns, Functions, and 

Algebra scale (form 2006B) was used for this purpose. Next, the principals watched a 32-minute 

mathematics lesson that had been filmed in a fourth grade Florida classroom during the 

preceding Spring and completed the Reformed Teaching Observation Protocol (RTOP). Before 

watching the video, principals were introduced to the RTOP according to the protocol in 

Appendix B. 

Phase Two of Data Collection 

Phase two of the data collection occurred during the professional development workshops for 

principals. Only the principals in cohorts A1E, A2E, A3E, and A4E were eligible for phase two 

of the data collection due to the control-group status of the B-group principals. Prior to phase 

two data collection, principals were invited to participate in phase two, and they were asked to 

consent to allowing me to use the data collected during phase one in this particular study. The 

consent form is included in Appendix D. The four cohorts completed the surveys for phase two 

on four different dates. The protocol used with all four cohorts of principals may be found in 

Appendix G. In this protocol, I performed the same series of steps two times. I told them that we 

would view two 12-minute videos of classroom mathematics instruction, introduced them to the 

three open-ended prompts, and re-introduced them to the RTOP form. I then showed Video Two 

in its entirety, asked them to take 7 minutes to respond individually in writing to the open-ended 

prompts, and then asked them to complete the RTOP form individually. Next, I asked them to 

place their signed consent forms and the open-ended and RTOP forms, with their names written 

on them, into a folder on their table. This process was repeated for Video Three. I walked among 

the participants while they completed both forms to ensure that the forms were completed 

individually and without discussion. 

 With the exception of the informed consent forms, the original forms were returned to the 

participants. The hardcopy surveys were scanned and converted to an electronic file. Participants 

were not offered and did not receive any financial incentive to participate in phase two of data 

collection. 
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Table 5. Data collection instruments and their associated analyses. 

Instrument Administration Purpose Analysis 

Demographic survey Dec. 2008 general 
descriptive 
statistics 

Mathematics 
Knowledge for Teaching 

Jan. 2009 RQ1 regression analysis 

RTOP, Video One Jan. 2009 
RQ1, 
RQ2 

weighted free-

margin , Fleiss  

Open response form, 

Video Two 
May 2009 

RQ2, 
RQ3 

check-coding 

RTOP, Video Two May 2009 
RQ1, 
RQ2 

weighted free-

margin , Fleiss’ , 

Open response form, 
Video Three 

May 2009 
RQ2, 
RQ3 

check-coding 

RTOP, Video Three May 2009 
RQ1, 
RQ2 

weighted free-

margin , Fleiss’  

 

 

Mathematics Knowledge for Teaching 

Principal mathematics knowledge was measured with an instrument developed specifically to 

measure mathematics knowledge for teaching (MKT) elementary patterns, functions, and 

algebra. This instrument was developed using factor and item response analysis (Hill & Ball, 

2004; Hill, Schilling, & Ball, 2004). The particular scale used was the 2006B form for 

Elementary Patterns, Functions, and Algebra. This scale was developed by the test developers 

specifically for use with elementary school teachers and has a reported reliability measure of 

0.85. The test form used in this study is identical to the 2006B form developed by Hill et al. with 

the exception of the sequence of numbers assigned to the items. The numbers assigned on the 

2006B form are not in sequential order, and the pilot group of principals encountered difficulty 

and questions when they noticed that the numbers assigned to each item were not sequential 

according to the presentation in the survey. The changes made to the numbering were acceptable 

according to the developer’s guidelines for survey administration.  

The MKT instrument generates an item response theory (IRT) scale score for each 

participant describing his or her achievement based on the distribution of the performance of the 

sample of teachers used in development of the survey. The items in the instrument were 

developed through an iterative process using mailed surveys of teachers. The teacher names and 
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contact information were obtained through a commercial source that sells items to elementary 

teachers. The teachers lived in various regions across the entire continental United States. 

Teacher samples were not stratified beyond the fact that they were on the vendor’s list as 

elementary teachers. 1200 forms were mailed to teachers, and 438 surveys were completed and 

returned. Of these 438 teachers, 5% had taught three years or less, 32% had taught from four to 

ten years, 26% had taught 11-20 years, 20% had taught 21-30 years, and 8% had taught 31 years 

or more. Thirteen percent were not currently teaching mathematics. Ninety-two percent reported 

holding full teaching credentials. The remaining 8% failed to report teaching credential status, 

were interning or had preliminary credentials. (Blunk, Hill, & Phelps, 2005). These 

demographics are roughly similar to that of the principals in this study with the exception that 

100% of these principals in this study held current state teaching credentials and lived in Florida, 

and none of them were currently teaching mathematics. 

The measure of mathematics knowledge was used to ascertain some measure of the depth of 

principal content knowledge specific to elementary mathematics. The MKT is a rigorously 

developed and valid instrument to measure mathematics knowledge for teaching elementary 

mathematics. This measure will be the independent variable in a regression analysis to test the 

leadership content knowledge construct, which suggests that depth of content knowledge in 

mathematics is necessary for principals to serve as effective instructional leaders in mathematics 

(Nelson & Sassi, 2005; Stein & Nelson, 2003) when they conduct classroom observations of 

instruction and provide both formative and evaluative feedback. 

Measuring Principal Observations of Classroom Instruction 

This study explored the relation between principal expertise in identifying various attributes 

of mathematics instruction and principal content knowledge in mathematics. To measure and 

evaluate principal observations of mathematics instruction, it was necessary to select or create 

some measure of principal expertise. I believed it would be ideal to use an existing survey rather 

than create my own so that the validity of the survey would be established and so that my study 

could be replicated and enhanced. 
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Table 6. Classroom instruction observation instruments considered. 

Name (Acronym) Developers 

Oregon Mathematics Leadership Institute 
Classroom Observation Protocol (OTOP) 

Flick, Morrell, Wainwright, RMC Corp. 

Florida MSP Projects: Classroom Observation 
Protocol 

Howard and Associates; adapted from 
OTOP 

High Quality Teaching Observation Protocol, v. 3 
(HQT) 

Valli and Croninger, UMD 

Reformed Teaching Observation Protocol 
(RTOP) 

ACEPT; Piburn and Sawada 

Classroom Observation Protocol Horizon Research, Inc. 

Local Systemic Change Classroom Observation 
Protocol (LSC) 

Horizon Research, Inc. 

Professional Development Decisions using Data 
(PD3) 

Florida Department of Education, 
Miami Science Museum, SRI 

Leon County District Observation Form Leon County School District 

Classroom Assessment Scoring System (CLASS) Pianta, UVA 
 

 

I conducted a survey of existing, research-proven classroom observation instruments. There 

are several well-developed instruments to measure instruction, but I found no instrument that had 

been developed for measuring principal expertise. Figure 2 lists the desired attributes of an 

observation instrument for this study. Table 6 lists the established and developed observation 

instruments considered for this study. 

Of the observation instruments identified and considered, the RTOP (Piburn et al., 2000; 

Sawada et al., 2000) was determined to meet the desired attributes most closely. This instrument 

was developed for use with mathematics and science instruction for any grade, K-20. The 

language and framework for the RTOP was developed by mathematics and science educators 

according to the Standards documents from the National Council of Teachers of Mathematics 

(NCTM) (1989, 1991, 1995), the National Research Council (1996), and the American 

Association for the Advancement of Science (AAAS), Project 2061 (1989). 
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Figure 2. Desired attributes for a classroom observation instrument. 

 

 

The RTOP form consists of 25 items in the form of a statement. A copy of the RTOP form is 

provided in Appendix G. The RTOP user rates each item on an ordinal, Likert-type scale from 

zero to four, indicating the extent to which the statement matches what they observed (or 

inferred) in the instructional episode. The value of each of the 25 items are added together, 

providing a total RTOP value rating between zero and 100 with higher totals reflecting a greater 

degree of reform. For the RTOP, a high RTOP value is operationally defined as “reformed” 

classroom instruction. An RTOP rating on the opposite end of the scale, near zero, is 

operationally defined as not reform-oriented. For the purposes of this study, all 25 item stems 

and the rating scale were identical to the statements on the RTOP.  

The instrument will: 
 generate results that may be analyzed quantitatively and large-

scale. 
 be specific for mathematics, but general enough to be used in a 

variety of contexts, grade levels, and classrooms. 
 include scales or categorical results, but also include an open-

ended section for observer comments, explanations, or notes. 
 require little training before principals can use it. 
 be sufficiently similar to the district observation forms that 

principals may be required to use in their current practice. 
 include a component related to the quality of mathematics content 

of the lesson. 
 include a component related to the five process standards as well 

as the five strands of mathematics proficiency. 
 include a component related to the nature of classroom discourse. 
 include a component related to specific classroom management 

(such as cooperative learning or individual study, when 
appropriate) as well as lesson design and implementation. 

 be available for use free of charge and free of difficult licensing 
agreements . 

 have reliability and validity measures, and have been used in 
research prior to this study. 

 be freely available for use in further research studies. 
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The RTOP contains language that is meaningful to mathematics educators (Sawada et al., 

2000). Although the two groups may use the same words to describe instruction, the extent to 

which the language has the same meaning for both school administrators and for mathematics 

educators is not known. For that reason, the RTOP is particularly valid for the purpose of 

measuring principal expertise in interpreting Standards-based, reform-oriented mathematics 

instruction and providing insight into how principals and mathematics specialists interpret the 

language of research and policy initiatives as they relate to specific instances of classroom 

instruction. It is likely that the terms used in the form may be interpreted differently between the 

group of mathematics specialists and the principal group. Studying the way the specific instances 

of classroom instruction and language of reform-oriented instruction are interpreted similarly and 

differently between the two groups (principals and mathematics specialists) is of central 

importance in this study. 

The RTOP was developed using both live and videotaped classroom instruction over a period 

of three years to measure and evaluate K-20 instruction in mathematics and science. The 

developers were mathematics and science educators, including research mathematicians and 

scientists. There are five sub-scales to the RTOP: Lesson Design and Implementation, 

Propositional Pedagogic Knowledge, Procedural Pedagogic Knowledge, Communicative 

Interactions, and Student/Teacher Relationships. In each sub-scale, there are five items. Each 

item contains a statement that is rated by the user of the instrument to determine whether the 

statement is characteristic of the observed lesson or not. 

In the third year of development, the developers conducted a quasi-experimental study to 

determine psychometric properties of the RTOP such as reliability and construct validity. This 

study was conducted for a broad range of grade levels, from middle grades to university. One 

hundred and fifty lessons were observed during this quasi-experimental study. Inter-rater 

reliabilities for trained observers were 0.954. Similarly, reliability calculations were performed 

on the five subscales. Four of the five sub-scales were also high, as indicated in Table 7. 
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Table 7. Reliability estimates of RTOP subscales (Piburn et al., 2000). 

Subscale Name R2 

Lesson Design and Implementation 0.915 

Content – Propositional Pedagogic Knowledge 0.670 

Content -- Procedural Pedagogic Knowledge 0.946 

Classroom Culture – Communicative Interactions 0.907 

Classroom Culture – Student/Teacher Relationships 0.872 

 

 

An exploratory factor analysis was conducted on the RTOP. Two different levels of analysis 

were conducted: a “simple structure” (any factor loading greater than 0.50) analysis and a “finer 

structure” (any factor loading greater than 0.30) analysis. Table 8 shows the factor structure 

identified through the simple structure and the finer structure factor analyses. The titles of the 

groups were generated by the RTOP developers after the analyses (Piburn et al., 2000). 

 

 

Table 8. Relationships among RTOP items. 

Factor Title Item Numbers in Group 

Inquiry Orientation 3, 4, 11, 12, 13, 14, 16 

Content - Propositional Knowledge 6, 7, 10 

Student/Teacher Relationship 23 

Content Pedagogical Knowledge 1, 5, 15, 22 

Community of Learners 2, 18, 20, 21, 24, 25 

Reformed Teaching 9, 17, 19 

Other 8 

 

 

In this study, the RTOP was not used in the manner specifically intended by the developers. 

The RTOP was designed to measure the level of reform of a specific lesson. Because of this 

quality, the RTOP was well suited for providing some insight into how principals perceived 

reform-oriented mathematics instruction and interpreted mathematics content, policy, and 

pedagogical moves with respect to the instruction that they observe.  
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Elementary school principals are experienced observers of classroom instruction. High 

reliability is attained on the RTOP in part through training on how to use the specific instrument. 

For the purposes of this study, all participants received the lowest level of the RTOP training 

regimen. The participants, both principals and mathematics specialists, received a very brief 

introduction to the tool for the purpose of simply explaining how to record an observation. The 

introduction to the RTOP that principals and expert panelists received is provided in Appendix 

B. The variability in responses and interpretation were analyzed in order to gain some insight 

into how the principals and the mathematics specialists interpreted and described the three 

specific instances of mathematics instruction. 

Videos of Classroom Mathematics Instruction 

Videotaped classroom lessons were used for in this study because the data was collected at 

different times for different groups, so the videos made the experience replicable and sufficiently 

consistent. Every effort was made to provide the same protocol instructions to all participants 

observing the video, the same background information about the lesson, the same amount of time 

for viewing the video and completing the RTOP instrument, and the same level of audio and 

video quality for each site. 

Video Selection 

Videos of elementary and middle grades mathematics instruction were examined extensively 

in selecting the videos to be used in this study. The first criteria was to have at least one video in 

which the instruction would be highly consistent with the vision for school mathematics 

instruction set forth by the NCTM Standards (National Council of Teachers of Mathematics, 

1991, 2000, 2007). Originally, the intent was to find a video that was essentially flawless, where 

the teacher heard every student comment and responded in an ideal manner, where there was a 

high percentage of footage of student thinking and explanation, the problem was rich, there were 

many representations of the mathematical concept, and so forth.  
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Figure 3. Desired criteria for lesson videos. 

 

 

I consulted other mathematics educators to ask for recommendations. Online videos, 

copyrighted videos published in books and professional development packages, and personal 

libraries were explored. Appendix I contains a list of the video resources that were considered for 

use in this study. Figure 3 lists the qualities desired in a video. Originally, the most exemplary 

video was desired. A few of the videos that were considered were shared with principals in the 

pilot group with extreme responses.  

Video One was selected because I believed it was a good example of Standards-based, 

reform-oriented instruction, but it was quite different in nature from Video One. The video had 

been submitted to the Presidential Award for Excellence in Mathematics and Science Teaching 

competition and had been selected as a state finalist, so I was not alone in my assessment. This 

video exhibits reform-oriented instruction in a very different manner than Video Two, so I 

thought it would be useful to use multiple manifestations of teaching that would score highly on 

the RTOP scale. 

Video Two was selected from Boaler and Humphreys (2005). This video is considered to be 

an example of reform-oriented mathematics instruction by many mathematics education 

specialists. Interestingly, this video received almost exclusively negative feedback from 

The video should: 
 Depict a 3rd, 4th, or 5th grade class. 
 Consist of a continual recording (little or no editing or deletion) of an entire 

mathematics lesson. 
 Maintain satisfactory audio and video quality. 
 Contain some focus on student conversation and student work. 
 Be filmed recently (i.e., within the past 5 years). 
 Be situated in Florida and based upon the recently adopted Florida standards. 
 Depict a racially and culturally diverse classroom. 
 Not depict an “honors” class or other exceptional population of students 
 Be available to be used for research purposes. 
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principals in the pilot study on the first day of professional development. This experience 

emphasized to me the need for this work, and so the video was selected in order to gather data to 

investigate principal perceptions of the video. 

Two other videos tested with the pilot group came from the collection of publicly released 

videos from the 1999 TIMSS Video Study. One was a video of a lesson recorded in a Japanese 

classroom. This video received exclusively high marks from the principals in the pilot group, and 

there was very little critical discussion and no suggestions for improvement. The other video 

depicted an American teacher who, according to the TIMSS researchers, teaches in the mold of 

traditional U.S. mathematics instruction. This American video received mixed remarks from 

principals in the pilot group. I chose to use the TIMSS Video Study video of the American 

classroom (Video Three) because I thought that it exemplified traditional American mathematics 

instruction, it had generated much more discussion than the Japanese video had generated with 

the pilot group, and there appeared to be a wide difference of opinion about the quality of 

instruction exemplified in the video. Furthermore, I decided that selecting a subtitled video of a 

Japanese classroom would introduce some unwanted variance in response due mostly to the 

radical cultural difference between the video and what principals would typically see in their 

daily practice. 

The three videos in this study were selected because they met most of the criteria in Figure 3. 

They represent three different grade levels, three different styles of teaching, and I expected that 

their total RTOP ratings would range from a low of approximately 10 to a high of approximately 

80. Lessons with RTOP ratings above 80 are highly uncommon. Further, I believed that principal 

judgment would not be biased by other factors such as racial and ethnic mixture of the members 

of the classroom, the date of the video, location of recording, school setting, or polarized 

socioeconomic status of the students.  

Additionally, these three videos were selected because they were all related to algebraic 

thinking, the topic of focus in the principal professional development series, and so the videos 

were screened during the professional development workshops for principal, thereby increasing 

potential participation rates. The screenings and principal ratings were followed by group 

discussion regarding what principals saw in the videos. They were also selected because they fit 

my desire for minimal editing, and because one video may be typical of the approach used in 

U.S. teaching (Stigler & Hiebert, 1999). The other two videos exemplify a more reform-oriented 
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approach. The learning goal in two of the videos is very similar. Students are expected to write 

and interpret variable expressions. The approach taken by the two teachers is quite different, so 

the data from principal interpretations was expected to be as varied as possible. 

Quantitative Data Analysis 

Mathematics Knowledge for Teaching 

Principal content knowledge was determined according to the protocol determined by the 

developers of the measurement instrument. The total number of responses correct was assigned 

an IRT scale score, thereby estimating each principal’s content knowledge for teaching 

mathematics in terms of the number of standard deviations from the mean. The distribution of 

the set of participant’s MKT scores will be analyzed to determine the validity of using the MKT 

with principals. Statistical methods will determine if the mean and distribution is statistically 

different than the mean and distribution of teacher MKT scores. If they are not determined to 

have a different distribution, the assessment instrument will be determined to be valid for 

measuring principal content knowledge for teaching mathematics. 

Observation Expertise 

For each principal participant and each item on the RTOP, the principal rating was compared 

with the expert rating. Because the difference between a rating of two and a rating of three, for 

example, is subject to several factors such as subjectivity and rater severity, rater agreement was 

defined as perfect plus adjacent. Perfect agreement was defined as two ratings that are the same 

on the same item and video. Adjacency occurs when two ratings for the same video and RTOP 

item are one category away from each other on the ordinal scale. In this analytical scheme, 

disagreement existed when a principal rating was non-adjacent (i.e., more than one category 

away from the expert score for that item). 

Expert Ratings 

The RTOP is a high-inference, criterion-reference instrument. In order to examine the 

principal participant responses on the RTOP, it was necessary to have responses for comparison. 

A group of mathematics specialists with a diverse background in mathematics, teaching, and 

supervision observed the same three videos and rated the videos using the RTOP.  

There were seven members of the panel of specialists. One panel member was an emeritus 

professor of mathematics who taught undergraduate and graduate-level courses in mathematics 

at Florida State University for 36 years. In addition to teaching at the university level, this 
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professor has been involved with numerous professional development experiences for K-12 

practicing (in-service) teachers, and he was and continues to be an instructor in a summer 

mathematics and science program for high school students. Another member of the expert panel 

was a current fourth grade classroom teacher with 10 years of classroom teaching experience. He 

received the Presidential Award for Excellence in Mathematics and Science teaching had 

extensive experience teaching instructional methods courses at his local university. Another 

panel member was the current mathematics specialist for the state department of education. She 

had recently left the classroom for the position at the department of education two months prior 

to sitting on this panel. Another member of the panel was an elementary principal with a 

background in mathematics and providing professional development in mathematics content and 

instruction for school principals and teacher leaders. The principal panelist was the past-

president of the state association of school administrators. Another panel member had over 16 

years of K-12 mathematics teaching experience, and she was currently a faculty member in a 

university preparation program for prospective (pre-service) mathematics teachers. The sixth 

panelist was a doctoral student in educational leadership, and he had just finished conducting a 

year-long randomized field trial to study reform-oriented instruction in mathematics and science. 

During that study, he led a team of researchers who used the RTOP to measure instruction over 

the course of one year. I was the final member of the panel. I have a background in mathematics 

and teacher professional development in mathematics content and instruction.  

A representative from each of the areas of university mathematics professors, school leaders, 

teacher educators (of both prospective and practicing teachers), and classroom teachers were 

chosen, because I believe that these four communities (classroom teachers, school principals, 

university mathematics teacher educators, and university research mathematicians) are the most 

important professional communities related to supervising classroom mathematics instruction. I 

believe that members of all of these groups of professionals have an important perspective on 

mathematics instruction, but I also believe that not one of these groups of education 

professionals, by themselves, has a complete perspective on all of the critically important 

elements of mathematics instruction. By including a member from each of these communities of 

practice related to mathematics education in the expert panel, I believe a more complete and 

balanced perspective on mathematics instruction was achieved than it would have been if 

members of one group (i.e., research mathematicians, mathematics education researchers, 
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university teacher educators, mathematics classroom teachers, or elementary principals) had 

dominated the panel.  

All expert panel members completed the Mathematics Knowledge for Teaching instrument. 

The videos were all viewed on one day in June 2009 in the same order that the principals viewed 

the videos. The expert panelists received the same orientation to the RTOP instrument that the 

principals received. Two panelists had prior knowledge and experience with the RTOP 

instrument. For each of the three videos, the experts watched the video and completed the RTOP 

individually with no discussion. After completing the form individually, experts reported their 

ratings to the moderator anonymously. The moderator displayed the ratings on the 25 items, and 

the expert panelists were then asked to discuss items where there was initially more disagreement 

than other items. Each member was asked to explain and defend the rationale for the ratings 

provided on each item. The videos were available for review during discussion, but the panelists 

did not review them. After item-by-item discussion, the panelists were asked to complete the 

RTOP a second time for the video they had just discussed. The expert members had the option to 

either keep their initial ratings or modify their initial ratings on the 25 items; they were not 

required to modify their ratings. If they strongly believed in their rating, they were allowed to 

keep their initial rating on the item. Both the initial ratings and the post-discussion ratings were 

recorded for analysis. The final expert panel rating for each item was determined by analysis of 

the majority of the post-discussion ratings, while the initial ratings were analyzed to gain insight 

into the agreement and discrepancy of the RTOP items to see which items were scored 

consistently and which items resulted in higher initial agreement within the expert panel. 

Level of Agreement between a Principal and the Mathematics Panel 

In order to explore the relation between principal content knowledge in mathematics and 

expertise in classroom observation, it was necessary to quantify the level of agreement between 

principals’ and mathematics specialists’ (i.e., the expert panelists) ratings on the RTOP for the 

three videos. Cohen’s  statistic is designed to quantify level of agreement between two raters 

who use the same observation protocol (Cohen, 1960; 1968). This statistic has been used 

extensively in medical research and is typically used to describe reliability of an instrument or 

observation protocol. Because it corrects for chance agreement between the raters, Cohen’s  is 

considered a conservative statistic. The resulting value is a number that falls on a continuous 

scale between -1 and 1, where 1 indicates perfect agreement between the raters, and 0 indicates 
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that the observed agreement is the same as would be expected by chance. A negative value 

indicates that the observed level of agreement is lower than would be expected by chance. The 

method for calculating Cohen’s  is explained by Sim and Wright (2005) for both the two-

category case and the multiple-category case (which is the case of interest in this study). 

Selection of a statistic to quantify agreement. Various -type statistics have been devised 

according to the specific conditions and research questions of a given study. Unweighted 

Cohen’s  is appropriate for nominal scaled instruments when all disagreements may be 

considered to be equally serious. In the case of instruments with an ordinal scale that may be 

interpreted as having various levels in seriousness of disagreement, it is appropriate to apply a 

weighting system in the calculation of Cohen’s  to allow for the relative seriousness of 

disagreements along the ordinal scale (Banerjee, Capozzoli, McSweeney, & Sinha, 1999; Fleiss, 

1971; Fleiss & Cohen, 1973). All 25 RTOP items are rated on a Likert-type ordinal scale with 

five ordinal categories, so a weighted version of the kappa statistic is warranted for the use of a 

-type statistic with the RTOP data. This matter is discussed separately in the section entitled 

Selection of a Weight Matrix. 

Although Cohen’s  is used extensively in research in many disciplines, statisticians and 

researchers consistently encounter problems with the outcomes generated with the statistic. Sim 

and Wright (2005) offer a thorough explanation of several of the issues surrounding problems 

with using Cohen’s . One problem occurs when there is a prevalence of ratings in certain 

categories by one or both raters. Another issue with Cohen’s  is the variable nature of the 

maximum attainable value, which is affected by the marginal proportions. Several researchers 

have suggested modifications for bias and prevalence (Byrt, Bishop, & Carlin, 1993; Cicchetti & 

Feinstein, 1990; Lantz & Nebenzahl, 1996). At least as many researchers criticize the 

adjustments based on the argument that the absolute value of  does not translate across different 

studies, and so adjustments have little value (Hoehler, 2000). Sim and Wright suggest listing the 

level of bias, prevalence, and the maximum attainable value for  whenever Cohen’s  is used in 

research. There is not an agreed-upon method for calculating a bias or prevalence statistic when 

calculating Cohen’s  when there are more than two categories. 

Several researchers have proposed scales to use as a “rule of thumb” to determine strength of 

agreement based on absolute values of  (Altman, 1991; Landis & Koch, 1977; Shrout, 1998). 
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Values of  should not be used to compare across different studies. In fact, the relative size of  

is rather meaningless for cross-study comparison (Brennan & Silman, 1992; Sim & Wright, 

2005). This is one of the few matters related to using and interpreting Cohen’s  where 

researchers find widespread agreement. 

Brennan and Prediger (1981) explained that Cohen’s  was used and discussed prior to 

Cohen’s 1960 paper, and that Cohen’s  is, in fact, a special case statistic for a class of 

agreement statistics of the form shown in Equation 1. In this method, Po is the observed 

proportion of agreement, Pe is the expected proportion of agreement by chance, and max(Po) is 

the highest attainable value given the marginal proportions. 

 

 
Equation 1 

 

 

 

 

 

Cohen’s  is the special case of the  statistic where max(Po )=1 and where the marginal 

proportions of the contingency table are fixed and symmetric. So, Sim and Wright’s 

recommendation to report the maximum attainable  when using Cohen’s  creates a logical 

conflict, because Cohen’s assumes that the maximum attainable  is 1. Further, the requirement 

of fixed and symmetric marginal proportions is not a trivial matter. In order to have marginal 

proportions that are fixed and symmetric, the proportions must be known by the raters prior to 

use of the rating protocol. That is, the raters must have some a priori knowledge that the 

marginal proportions are determined, and that the marginal proportions are the same between 

both raters. It is a very rare occasion that this is the case in any research study, and I believe that 

the absence of these conditions in typical studies may in part explain the seemingly erratic values 

obtained through application of Cohen’s  that are so often discussed in the medical literature. 

Brennan and Prediger (1981) describe data collection scenarios as either fixed-margin or 

free-margin. In the fixed margin case, the proportions of the ratings in each category are fixed. In 
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the free margin case, the raters are free to use the categories in any proportion that they choose. 

This was the case in the way that both the principals and the mathematics expert panelists used 

the RTOP original scale. Brennan and Prediger explain that the only established method of 

determining Pe (to correct for chance agreement) is to use the method described in Equation 2, 

where k is the number of categories on the scale. 

 

 

Equation 2 

Pe 
1

k
 

 

 

In the case of RTOP, there are 5 categories, and the marginal proportions are not known to 

any rater prior to use of the observation protocol. Thus, the appropriate Pe term for the analysis 

in this study is always 0.20. For the free margin case, the maximum attainable  is always 

1(Brennan & Prediger, 1981). 

Based on a review of the literature and analysis of the application of an agreement statistic 

appropriate for this study, the -type agreement statistic that was used in this study is shown in 

Equation 3, where n = 5 is the number of categories in the Likert-type scale for every RTOP item 

and Po
 is determined using a perfect-plus-adjacent weight matrix. 

 

 
Equation 3 

 n 
Po 

1

n

1
1

n
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This form of the general  -type statistic is equivalent to n in Brennan and Prediger (1981). The 

observed agreement value, Po, will be determined by a weighting strategy explained in the 

following section. 

Strategy for weighting agreement. There are several acceptable choices for determining a 

weight matrix, and the choice should be made according to what makes sense according to the 

measurement instrument, scales, and the attribute being measured. Two common choices for 

weighting include a linear and a quadratic method. See Equation 4 for instructions for the linear 

weighting and Equation 5 for the quadratic weighting. 

 

 
Equation 4 

wij 
i  j

k 1
 

 

 

Equation 5 

wij  1
(i  j)2

(n 1)2

 

 

 

In either case, the diagonals of the contingency table matrix are weighted as a 1 (full agreement). 

The terms in the off-diagonals are weighted less than 1 to account for the smallest possible 

disagreement between the two raters.  

Several researchers explain that the quadratically weighted Cohen’s is equivalent to the 

Intraclass Correlation Coefficient, making it a tempting option for use as a weighting strategy in 

this study (Fleiss & Cohen, 1973). Examination of the quadratic weight matrix (see Figure 4) 

indicates some potential problems with this strategy. 
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Wq 

1 .94 .75 .44 0

.94 1 .94 .75 .44

.75 .94 1 .94 .75

.44 .75 .94 1 .94

0 .44 .75 .94 1

 

Figure 4. Quadratic weight matrix for a 5-item instrument. 

 

 

With a quadratic weighting, raters who rate a given RTOP item with the same ratings on each 

item have perfect agreement, and their agreement is weighted with a 1 (on the diagonals). This 

makes sense. On the other hand, in the scenario that a rater may give a video a 4 and the experts 

give it a 1 this level of agreement is still weighted as almost half of perfect agreement (44%) for 

that item. The only way to have total disagreement on a given item in the quadratically weighted 

case is to have the both the expert rating and the principal rating be either zero or four, but not 

the same rating, of course. This does not seem like a reasonable result in the case of the RTOP 

scale, and it would surely result in inflated agreement statistics for videos that did not have fours 

or zeros in their ratings. As can be seen in Figure 5, the weight matrix for the linear case, a linear 

weighting strategy has a similar and only slightly less extreme result. 

 

 

wl 

1 .75 .50 .25 0

.75 1 .75 .50 .25

.50 .75 1 .75 .50

.25 .50 .75 1 .75

0 .25 .50 .75 1

 

Figure 5 Linear weight matrix for a 5-item instrument. 

 

 

A matrix representation for the perfect plus adjacent weight strategy is shown in Figure 6. In 

this weight strategy, when the two raters select values within one category of each other for any 
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given item, this is considered full agreement. When the two raters select values more than one 

away from each other on the ordinal scale, this is considered non-agreement.  

 

 

Wp 

1 1 0 0 0

1 1 1 0 0

0 1 1 1 0

0 0 1 1 1

0 0 0 1 1

 

Figure 6. Perfect plus adjacent weight matrix for a 5-item instrument. 

 

 

While this strategy may lose some resolution or ability to discriminate between raters in certain 

scenarios, the level of agreement of the expert raters, who almost always rated each RTOP item 

within one of the final rating, suggests that Wp presents a reasonable choice for the weighting 

strategy. Further, the RTOP developers recommend that researchers strive for agreement within 

one on every item before using the instrument in research (Piburn et al., 2000). The perfect plus 

adjacent weight strategy reflects this guideline. 

Computation of n. After searching extensively for commercial or open-source software to 

calculate a weighted, free-margin n , I found no software that already contained routines to 

calculate weighted  or free-margin . So, I decided to use a spreadsheet and write my own. The 

method of computation is shared here. 

First, it was necessary to create the contingency table used to compute n. Table 9 contains 

the general contingency table for computing the -type statistic with five categories. The column 

and row marginal values correspond to the number of times that the rater used each of the five 

categories. Each of the 25 entries in the center of the table correspond to the number of times that 

rater one and rater two rated an item as (n,m), where n and m are ratings in the protocol. Thus, 

the sum of the 25 entries corresponds to the number of subjects that were rated by both raters. 

The table does not necessarily have any symmetry. 
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Table 9. Proportions in a 5x5 contingency table. 

Columns 

R
o
w

s 

 1 2 3 4 5 Row 
Marginals 

1 P11 P12 P13 P31 P31 P1- 

2 P21 P22 P23 P31 P31 P2- 

3 P31 P32 P33 P31 P31 P3- 

4 P31 P31 P31 P31 P31 P4- 

5 P31 P31 P31 P31 P31 P5- 

Column Marginals P-1 P-2 P-3 P-4 P-5 P--=1.0 

 

 

The array function in Excel allowed me to create a 5x5 matrix that matched each 

participant’s rating with the expert rating. The first row and the first column of the contingency 

table gives the number of times that both the principal and the expert panel both rated any one of 

the 25 RTOP items with a zero. For each of the three videos, this was done for each of the 25 

entries in the contingency matrix and for each of the 78 principals in the study, resulting in 78 

contingency tables (stored as matrices) for each of the three videos. 

After the contingency tables were created and stored, it was necessary to multiply each of 

these matrices by Wp (see Figure 6) and multiply this by the transpose of the marginal 

proportions vector, M, for the free margins case. This vector is described in Figure 7. 

 

 

M 

.20

.20

.20

.20

.20





















 

Figure 7. Marginal proportions (expected by chance) for the free-margins case. 
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Po was then computed for each principal in each video using the formula in Equation 6, where 

Cm is the contingency matrix for the mth principal. For each principal, Po was then used in 

Equation 6 (in matrix-vector notation) to generate the free-margin, weighted -type statistic that 

quantified the level of agreement between the ratings of that principal and the expert panel on a 

given video.  

 

 

Equation 6 

P0  M
T
WpCmM  

 

 

The result for P0 for each principal was then entered into Equation 3 to generate the free-margin 

n with perfect plus adjacent weigthing. Results were verified for several  calculations with two 

different online  calculators (Lowry, 2009; Randolph, 2009) and found to be consistent with the 

online  calculators. 

Level of Agreement within Groups 

The first analysis of the level of agreement for each RTOP item was done by calculating the 

standard deviation across each item and each video for both the principal group and the expert 

panel group (first rating). The standard deviation for each item and each video was calculated in 

Excel, and the standard deviations were examined to find patterns in RTOP items, videos, etc. 

The next, more rigorous, examination of the level of agreement within principals and expert 

panelists utilized a free-margin modification of Fleiss’ . Fleiss’  is a statistic used to quantify 

level of agreement between different raters when there are multiple ratings for a given subject 

(Fleiss, 1971; Fleiss, Levin, & Paik, 2003). Like Cohen’s , Fleiss’ method for determining 

agreement is a chance-corrected agreement statistic. 

Computation of Fleiss’ . After searching for a software package that would compute Fleiss’ 

, I found nothing available. So, I used Excel to support the computation and storage of values. 

The method for computing this statistic described in Fleiss, Levin, and Paik (2003) was 
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followed. The method for computing the standard error derived in Fleiss, Nee, and Landis 

(1979a) was used to compute standard error when the number of raters per subject is equal. 

I did make one important modification to the method described in Fleiss et al. (2003). The 

modification to the method used for calculating Fleiss’  was due to assumption of the margins 

being either fixed or free. The assumption in Fleiss’ method is that the raters have some a priori 

knowledge about the marginal proportions. A free-margin variation of Fleiss’  was used so that 

issues of prevalence and bias (Brennan & Prediger, 1981) would not influence the agreement 

statistic. Fleiss’  was computed for each of the 25 RTOP items for both the principal group and 

the expert group, with the expert panelists’ first round of ratings used rather than the final 

ratings. This was done in order to gain insight into what level of intrarater agreement might be 

expected for each of the 25 RTOP items and to have a frame of reference for the Fleiss’  values 

generated from the principal data. 

The method used to calculate the free-margin Fleiss’  is described here. In keeping with the 

notation in Fleiss et al. (2003), let n be the number of subjects (videos) and m be the number of 

times each subject was rated. Let i=1,..,n so that mi is the number of ratings on the ith subject. In 

the case of this study, n =3 and m =78 in all cases. Let k be the number of categories on the 

rating scale, and let j = 1,…,k. In this case, k = 5 due to the nature of the 5-category RTOP scale. 

Thus, xij denotes the total number of ratings in category j for subject i. In other words, x23 is the 

total number of times the raters used the third category in the RTOP for Video Two. This was 

computed for each of the 25 RTOP items, each video, and each RTOP category using the countif 

function in Excel.  

Following Fleiss’ method of calculating , pj denotes the overall proportion of ratings in the 

j
th category, and q j  1 p j . Because the fixed-margin assumptions are not valid in this case, I 

modified the calculation of Fleiss’  to incorporate the fixed-margin assumption. Using a free-

margin assumption, p 
1

k
 for all p j , and thus q  1 p . Equations 7 and 8 explain the steps 

used in the calculation of the free-margin Fleiss’ . 
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Equation 7 

̂ j  1
xij (m  xij )
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Equation 8 
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k
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Fleiss and Cuzick (1979) shared a method for calculating standard error for Fleiss’  and using it 

to determine whether  is sufficiently different from zero. Fleiss, Nee, and Landis (1979b) 

demonstrated that the formula in Equation 9 may be used to approximate standard error when the 

number of ratings per subject are equal. In this case, the number of ratings per subject is constant 

(m = 78 for all cases). Equation 10 may then be used to generate the corresponding z-score for a 

given . 
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Qualitative Data Analysis 

In addition to completing the RTOP forms, all of the 78 principals were asked to complete an 

open-ended form immediately after observing the second and third videos of classroom 

instruction. For each video, the principals observed the video, completed the open-ended form, 

and completed the RTOP form, in that order. The open-ended form was completed first to avoid 

the possibility of the language in the RTOP items prompting principals to describe the video 

differently than they would have otherwise done if the RTOP did not prompt them. The open-

ended form contained the following three prompts: 

1. What was your overall impression of the lesson segment? 

2. What aspects of this video segment did you find most interesting? 

3. What suggestions would you offer this teacher? 

Principals were allowed several minutes to respond to all three prompts. After the open-ended 

form and RTOP forms were completed, I collected both forms. After the forms were collected, 

principals were invited to discuss and analyze the videos as a part of the professional 

development experience. This data collection occurred on four separate dates corresponding to 

the four cohorts of participants. 

Generating Codes 

Because the nature of the open-ended response data was qualitative, qualitative data analysis 

techniques were applied to all these written data. In qualitative research, a pre-assigned coding 

system can be used, and researchers may look for regularities, patterns, and topics that the data 

cover to create coding categories (Bogdan, & Biklen, 1998). After all units of data were coded, 

where the unit of interest in this study was a word or a phrase, the emerging themes and 

proportions were used to generate further codes and refine the pre-assigned codes in order to 

better answer the research questions. 

In this study, I used an iterative process for generating the codes, and I used a check-coding 

process to verify the validity and reliability of the codes (Miles & Huberman, 1994). Initially, I 

created a list of codes based upon common themes that I had previously noted in face-to-face, 

group discussion during the 16 days of workshops I had already conducted with approximately 

85 principals over the course of the year prior to data collection. None of those principals were 

part of the four cohorts included in this study. Supplementing these categories, I added themes 
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from scholarly literature I had read regarding principals observing mathematics discussion. This 

intitial list of pre-assigned codes are deemed the a priori codes, and they may be found in 

Appendix J.  

After these a priori categories were created, I examined the data from 2 of the 4 cohorts and 

used open coding (Miles & Huberman, 1994) to create additional categories based upon common 

themes in the data that were not covered by the a priori categories. 

To generate the second set of codes (emergent from the data), I read the data for cohorts A1E 

and A2E to look for commonly used words or commonly addressed themes. When a word or 

theme appeared frequently, I created a word or phrase, based on the specific words found in the 

data, to be the title of the category. The goal in generating this set of codes was to incorporate all 

of the important words or themes that occurred more than once so that the codes would be 

mutually exclusive and all of the data would be coded. I coded the data by looking for themes in 

words or phrases rather than sentence or paragraph-sized themes. Words or comments written by 

only one of the 78 participants were ignored. They were not considered unimportant, but the 

infrequency made the word or comment invalid for the purpose of this study.  

After the data was read and the codes were written, the same set of data was coded, start to 

finish, with the full list of a posteriori codes. Some of the category titles were refined, and some 

of the categories that I created during the first examination of the cohort A1E and A2E data were 

combined or eliminated during this second look at the data. 

After the emergent code categories were refined, the two lists of codes were then combined 

to create a single set of codes to be used in the check-coding process. In combining the codes, I 

noticed some overlap of ideas between the a priori codes and the codes that had come directly 

from the data. In some cases, when the meanings of words are very similar and the specific word 

usage was different, the original title was modified to reflect the specific words encountered in 

the data. The codes, their descriptions, and specific examples of participant words are shared in 

Chapter 6. 

After this process was complete, I had two lists of codes and themes. One had been generated 

prior to any data analysis through analysis of the literature in this area and through experiences in 

prior discussions with principals regarding mathematics instruction. The other was generated 

directly from the data. It may have been sufficient to only create codes from the data, but I was 

interested in cross-comparison of what I had observed in group conversation as well as what I 
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had observed in the published literature on this topic. This comparison allowed me to ascertain 

some idea as to the validity and reliability of this format for collecting these data (i.e. written 

responses by individual principals as contrasted with verbal responses in groups or individually) 

as well as compare what I found in my data with what has been reported in prior studies on 

principal instructional leadership. 

Using Check-coding to Test Reliability 

Satisfied with the set of codes, I coded all of the data for cohorts A1E and A2E. Two weeks 

later, I coded the data for cohorts A3E and A4E. After coding the data from all four cohorts, I 

asked a colleague with nine years of recent experience in the state of Florida as an elementary 

school principal to code the data for cohorts A3E and A4E. Using this check-coding process 

allowed me to determine inter-rater reliability with these codes and provided some check on the 

validity of my interpretation. The overall level of reliability of the codes was determined based 

on the formula in Equation 11 (Miles & Huberman, 1994).  

 

 

Equation 11. 

Reliability =

# agreements 

# agreements + # disagreements 

 

 

Table 10 shows the results of inter-rater reliability analysis using Equation 11. The reliability 

was calculated after both researchers separately coded 40 participants’ written data. A total of 

596 assignments of codes occurred. The overall reliability was higher than the frequently 

recommended benchmark of 0.80, indicating that the codes were well defined, valid and 

sufficiently consistent and reliable. 
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Table 10. Reliability values generated through check-coding. 

 Section Reliability 

 Overall 0.815 

 Video Two, Section 1 0.844 

 Video Two, Section 2 0.732 

 Video Two, Section 3 0.863 

 Video Three, Section 1 0.821 

 Video Three, Section 2 0.772 

 Video Three, Section 3 0.810 

 

 

For the next phase of qualitative data analysis, I entered the codes into an Excel spreadsheet 

to explore patterns in the data such as the frequency of codes. I used an iterative process of 

studying the frequency of occurrences of various codes in combination with the videos the 

participants watched. I explored the ratios of frequencies of different codes as well as the ratio of 

codes with opposing perspectives on the same video. The results of this exploration will be 

shared in chapters six and seven. 

Summary of Data and Methods 

In this study, I collected quantitative and qualitative data from 78 current school principals. 

The data were collected in order to measure mathematics knowledge for teaching and 

interpretation of classroom mathematics instruction. The participants observed three videos and 

completed a structured observation protocol that can be analyzed with quantitative methods after 

comparing item-level responses of individual principals with item-level responses of a 

committee of mathematics specialists.  

The rating of principal expertise in observation was compared with principal knowledge in 

order to examine the strength of the relationship between principal knowledge in mathematics 

and principal expertise in observing mathematics instruction. The same data were used to 

examine the consistency between principals on different aspects of instruction. Qualitative 

analysis of the principal responses on an open-ended form regarding the videos of mathematics 
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instruction yielded insights into what principals collectively tend to notice or remark upon when 

they observe instruction. 

This study was conducted at a large scale with a randomly assigned sample of principals 

from across the state of Florida. The study occurred as the state was in the process of adopting a 

new set of mathematics curriculum standards perceived to require a change in approach to 

teaching and learning mathematics more deeply.  

The results of this study will impact the professional development experiences of the 

principals in the current study as well as professional development experiences of the principals 

in future cohorts of the same professional development. Results and conclusions of this study 

may impact professional development for school leaders more broadly by providing insight into 

what principals currently notice in classroom mathematics instruction. The results may inform 

policy regarding the relationship of content knowledge in mathematics and quality of instruction 

or instructional supervision. The study may also inform university-based preparation for school 

leaders as it relates to instructional leadership. 

Limitations of the Study 

While this study is expected to yield important insights about principals’ perceptions of 

mathematics instruction, there are important limitations to this study. For one thing, the RTOP is 

designed to measure the reform-orientation of instruction. Inter-rater reliability is high, so trained 

observers should have a high correlation between scores for a given instructional episode. Yet 

the RTOP was not designed expressly for the purpose of rating the observer. Furthermore, the 

RTOP is a high-inference protocol with items that have high intercorrelations and are not 

unidimensional. This may confound some of the results. 

Perhaps the most significant limitation of the study is due to the video selection. Attempts 

were made to find authentic videos of classroom instruction that exemplify reform-oriented 

instruction as well as what is commonly referred to as traditional instruction. It is possible that 

certain videos or lessons will discriminate better between principals with higher expertise in 

observing mathematics instruction and principals with lower expertise. It is not known which 

types of videos will best discriminate within this attribute, so three videos representing a wide 

range on the RTOP were selected. It is important to note that this study sought a statistical 

relationship between content knowledge and observation expertise, but the selected videos do not 

include teachers making major mathematics errors or violations. It is reasonable to think that 
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videos depicting teachers violating important mathematics concepts or norms may better 

discriminate between principals with regard to the level of their content knowledge in 

mathematics. 

The second most important limitation to this study involves the method of data collection. 

What ultimately matters in practice are the words, both spoken and written, that are shared 

between principals and teachers. I observed principals raising different topics in privately written 

data than in verbal group discussions with their peers. Thus, I currently think that any inferences 

drawn from either of these data sources should be drawn very carefully, if at all, if this data is to 

be used to gain insight into what actually happens in practice. With that established, I do not 

think that any single format for data collection will resolve the limitation. For example, I do not 

think this problem would be resolved if a researcher or audio tape gathered data during actual 

principal discussions with teachers in post-observation conferences or faculty meetings. 

Collecting in situ data in practice would also introduce measurement error due to known the 

presence of a researcher or other observation device, thereby affecting the behavior of principals 

and teachers. 

A think-aloud protocol may yield much more detailed information about principal 

interpretations of mathematics instruction than the written forms used in this study, but the 

resources that would be required to conduct a think-aloud with a large number of principals and 

analyze the data would be far greater than the resources available in this study. Additionally, it 

may be valuable to interview principals based on the results in their open-ended forms to gain 

more insight into their comments and the relationship between their content knowledge, 

observation expertise, and appreciative system, and this may be a topic for future study. Thus, 

potential data regarding detailed cognitive processes, observation of teacher–principal 

conferences, and follow-up interviews were sacrificed in order to gather data from a large sample 

of randomly assigned principals. The methods used in this study were chosen in order to be able 

to analyze the data from a large sample of principals and begin to generalize previous work that 

has been done in case studies or, on the other hand, to begin to reject the generalizability of the 

case study results. 
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CHAPTER 4 

MATHEMATICS KNOWLEDGE AND OBSERVATION EXPERTISE 

 

In this chapter, I explore the data collected in order to address the first research question in 

my study. 

What is the relationship between elementary principals’ knowledge in mathematics and 

their level of expertise in classroom observation of elementary mathematics 

instruction? 

This question arises from a professional interest in determining the constellation of knowledge, 

attitudes, beliefs, and skills that best empower a principal to effectively lead a school in the area 

of mathematics education. 

Objective 

The purpose of this exploratory research study is, in part, to test the theory of Leadership 

Content Knowledge (LCK) (Stein & Nelson, 2003), which proposes that principal expertise in 

observation of mathematics instruction is dependent, in part, upon the principal having content-

specific knowledge related to teaching and learning mathematics. To test this theory, I devised a 

method for measuring principal observation expertise. In this chapter, I share this method for 

measuring observation expertise and use the results to compare the principals’ levels of expertise 

with their mathematics knowledge. A high correlation would support the claim of the 

dependency relation within the LCK theory; a low correlation would indicate either a flaw in the 

LCK theory or a weakness in the method used to measure principal observation expertise. 

Methods 

To look for the relation between content knowledge and observation expertise, I measured 

mathematics content knowledge of 78 elementary school principals using the MKT scale for 

elementary patterns, functions, and algebra. I measured observation expertise by asking the same 

statewide sample of principals to observe three videos of classroom instruction in mathematics. 

The participants completed the RTOP, an observation protocol used extensively in research of 

both mathematics and science instruction. I convened a panel of mathematics experts with 

diverse perspectives on mathematics education to observe the same three videos and generate 

item-level ratings on the RTOP. I used a free-margin, weighted, -type statistic to quantify 

agreement between individual principals and the expert panel score, thereby creating a statistic 
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that tells how closely the principals interpreted the classroom instruction with the expert panel 

rating. Finally, I performed linear regression to explore the relationship between principals’ level 

of content knowledge and their agreement with the expert panel ratings on the observation 

protocol. 

Results 

Mathematics Knowledge for Teaching 

The 78 principals in this study completed the Patterns, Functions, and Algebra scale for 

measuring mathematics knowledge for teaching (Hill, Ball, & Schilling, 2008; Hill, Schilling, & 

Ball, 2004). Figure 8 shows the distribution of IRT scale scores for the principals. The principal 

IRT scale scores are normally distributed, with a mean of -0.049, standard deviation of 0.716, 

kurtosis of 0.0035, and skewness of -0.372. 

 

 

Figure 8. Distribution of participant mathematics knowledge for teaching (n=78). 

 

 

Because the MKT scales were developed for use with elementary teachers, this result 

suggests that elementary principals, as a whole have roughly the same level of mathematics 

knowledge for teaching elementary mathematics (patterns, functions, and algebra) as do the 

classroom teachers. This should not be surprising, given that the majority of the principals in this 

study are certified to teach at the elementary (primary and intermediate grades) levels and are 

required by law to have at least three years of teaching experience. 
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Expert RTOP Ratings for Three Videos 

Table 11 contains the final RTOP ratings by the expert panel for each of the 25 items in each 

of the three videos. The expert panel ratings confirm that Video Two has the strongest reform-

orientation of the three videos. This study uses the definition of reform-oriented instruction 

posited by the developers of the RTOP; those videos with a high total RTOP rating are 

considered more reform-oriented. Videos with a low total RTOP rating are not as reform-

oriented. Thus, Video Three is the least reform-oriented of the three videos. 

 

 

Table 11. Mathematics specialist panel ratings for each RTOP item. 

RTOP Item Video One Video Two Video Three  

1 3 4 0  

2 3 3 0  

3 2 4 0  

4 2 4 0  

5 2 3 2  

6 4 4 0  

7 3 4 2  

8 3 4 0  

9 3 4 1  

10 2 0 1  

11 2 2 0  

12 2 1 1  

13 3 3 1  

14 2 3 0  

15 2 2 0  

16 3 3 0  

17 3 4 0  

18 3 3 0  

19 2 3 1  

20 3 4 1  

21 3 4 0  

22 3 4 1  

23 3 4 0  

24 3 3 0  

25 2 4 0  

Total 66 81 11  
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Computing n 

When I was first looking for a statistic to use to describe a given principal’s level of 

expertise, a well-respected scholar of measurement and statistics recommended that I use 

Cohen’s . I read about Cohen’s  in several papers, and I saw that the statistic was used often in 

medical research and psychology research. It bothered me that so many papers identified 

problems with using Cohen’s , but I am not a statistics expert, so I trusted the judgment of the 

published scholars in medicine and psychology who had used the statistic in spite of their 

admitted discontent. Then, I encountered an article that had discussed this problem and offered a 

solution (Brennan & Prediger, 1981). They offered an approach to take when the margins are not 

assumed to be fixed. They called the free-margin case n. Thus, I used the n notation in my 

study. 

After deciding to use the weighted  statistic with the free-margin assumption in my study, 

and I set about finding software to compute it. I thought it would be grouped with Cohen’s , but 

I did not find software to compute the weighted Cohen’s . Scholars have suggested that the 

Intraclass Correlation Coefficient (ICC) is equivalent to a quadratically weighted Cohen’s . The 

ICC can be computed by SPSS (using the two-way option), but SPSS does not have a free-

margin option. After being unsuccessful in finding a widely used software package to compute 

n, I wrote a routine to compute both Cohen’s  and n.  

I selected a couple of interesting cases from the data from my pilot study to compare the 

results. These data were of particular interest to me, because these were the only two principals 

who watched the same video on separate occasions. These two principals watched the video one 

time on the first day of workshops and completed the RTOP for it. They then discussed the video 

in light of the activities in the workshops. At a later session, several months after the first 

viewing and discussion, these two principals observed the same video and completed the RTOP 

form for a second time. Table 12 shows the expert ratings for Video Two as well as data from 

these two principals who completed the RTOP for that video on two separate occasions. 
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Table 12. Test data from two pilot group principal participants (P1 and P2). 

RTOP 
Item 

Expert 
Rating 

P1 First 
Viewing 

P1 Second 
Viewing 

P2 First 
Viewing 

P2 Second 
Viewing 

1 4 1 3 3 3 

2 3 1 4 1 3 

3 4 1 3 2 1 

4 4 2 4 1 3 

5 3 3 4 0 0 

6 4 2 3 1 3 

7 4 2 3 1 2 

8 4 1 4 1 2 

9 4 1 4 1 2 

10 0 0 3 0 0 

11 2 1 3 0 0 

12 1 1 4 1 3 

13 3 2 4 1 3 

14 3 2 3 1 0 

15 2 2 4 0 2 

16 3 3 3 0 1 

17 4 2 3 1 0 

18 3 3 3 2 3 

19 3 3 3 1 1 

20 4 0 4 3 3 

21 4 1 4 3 4 

22 4 2 4 2 4 

23 4 0 4 2 3 

24 3 1 3 0 3 

25 4 1 3 0 0 

Total 81 38 87 28 49 
 

 

One of the principals (P1) appeared to me to have very little agreement with the expert panel 

after the first viewing. On the other hand, this same principal’s ratings after the second viewing 

appeared much more aligned with the expert ratings. The other principal (P2) had little 

agreement after the first viewing and only slightly higher agreement after the second viewing. I 

used these four sets of data to test the methods and see whether the resulting  statistics made 
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any reasonable sense. This test was run in order to allow me to determine whether the chosen 

agreement statistics provided reasonable results. 

 

 

Table 13. Contingency table using P1, first viewing, and 
expert panel ratings. 

RTOP Rating 0 1 2 3 4 Total P1 

0 1 0 0 0 2 3 

1 0 1 1 2 6 10 

2 0 0 1 2 5 8 

3 0 0 0 4 0 4 

4 0 0 0 0 0 0 

Total Expert 1 1 2 8 13 25 

 

 

 

Table 14. Contingency table using P1, second viewing, and 
expert panel ratings. 

RTOP Rating 0 1 2 3 4 Total P1 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 1 0 1 5 6 13 

4 0 1 1 3 7 12 

Total Expert 1 1 2 8 13 25 

 

 

The contingency tables for the first and second viewings by P1 can be found in Tables 13 and 

14, respectively. The column margins show the distribution of ratings by the expert panel, while 

the row margins show the distribution of ratings by P1. These contingency tables indicate a 

prevalence of expert ratings of three and four for Video Two, the most reform-oriented of the 

three videos. In the first viewing, the ratings by P1 had a prevalence of ratings of one and two. In 
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the second viewing, the ratings by P1 had a prevalence of ratings of three and four, which was 

similar to the prevalence seen in the expert panel’s ratings. In the first viewing, there were seven 

instances where P1 and the expert panel rated an item exactly the same and only three additional 

instances where they rated an item within one of each other. In the second viewing, there were 

12 instances where P1 and the expert panel rated an item exactly the same and 10 additional 

instances where they rated an item within one of each other. 

After analyzing the contingency tables, it makes reasonable sense that an agreement statistic 

should be higher for the ratings after the second viewing than it should be after the first. I 

decided to run the data through a perfect plus adjacent weighted Cohen’s  analysis as well as a 

perfect plus adjacent weighted free-margin  analysis for comparison. Because Cohen’s  is so 

frequently used in research on rater agreement, I computed Cohen’s  for these two cases as well 

as the free-margin  (n ) for the two viewings of P1 and P2. Tables 13 and 14 show the  

statistics generated by the test data using the Cohen’s and free-margin methods, respectively. 

 

 

Table 15. Cohen's  with perfect plus adjacent weighting using test data. 

 Viewing 1 Viewing 2  

P1 0.33 -0.52  

P2 0.27 0.21  

 

 

 

Table 16. Free-margin  (n) with perfect plus adjacent weighting using test data. 

 Viewing 1 Viewing 2  

P1 -0.25 0.75  

P2 -0.58 0.00  

 

 

Looking at the values in Tables 15 and 16, we see that the two methods (Cohen’s method and 

the free-margin method) result in very different values. In fact, Cohen’s method applied to the P1 

ratings would indicate that P1 went from fairly high agreement after Viewing One to a much 
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lower than chance-expected agreement after Viewing Two, which does not make any reasonable 

sense when one compares the sets of ratings item-by-item. This is an example of how prevalence 

can significantly affect the statistic generated through Cohen’s method when the marginal 

proportions in the contingency table are not uniformly distributed. As can be expected from the 

prevalence matters, Cohen’s  methodology results in values that do not make any sense in this 

scenario.  

On the other hand, the agreement statistics generated through the n methodology (i.e., the 

free-margin assumption) do appear to be justifiable. In both cases, P1 and P2 appeared to have 

higher agreement with the expert ratings after the second viewing, while P1 appeared to have 

much higher agreement than did P2. According to the values computed by the n methodology 

(see Table 16), P1 had a lower than chance-expected agreement after Viewing One and a rather 

high agreement after Viewing Two. P2 had a much lower than chance-expected agreement after 

Viewing One and agreement that is only equivalent to what would be expected by chance after 

Viewing Two. These test data and comparisons of the results through the two different methods 

of analysis support the decision to use n as the overall marginal proportion of the ratings by the 

principals.  

n assumes that the raters may use any of the n categories along the Likert scale with equal 

probability. I was not sure whether this assumption would be reasonable. In fact, I guessed that 

principals would typically use the highest one or two categories unless they saw specific things 

they did not like to see. This might be considered as allowing “the benefit of the doubt” or 

simply just being an easy rater. I thought this might adversely affect the validity of the n output 

if the five categories did not have a sufficiently equal chance of being used. Table 17 shows the 

number of times each of the five categories were used (across all three videos).  
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Table 17. Frequency of the categories selected by 78 principals across three videos. 

Category Frequency Proportion of all Ratings 

0 869 0.15 

1 871 0.15 

2 964 0.16 

3 1634 0.28 

4 1508 0.26 

 

 

Looking at the results displayed in Table 17, the data marginally supports the reasonableness 

of the assumption that each category was equally likely to be used. I think that the prevalence of 

categories three and four is explained more by the fact that two of the three videos were reform-

oriented mathematics lessons (and so the true score for each of them was likely to be threes and 

fours) than by an explanation of participants being “easy raters” or allowing some “benefit of the 

doubt.” If there were one more non reform-oriented video, I expect that these proportions would 

have been more balanced and thus converged to a proportion of approximately 0.20 in each 

category. This claim may not be verified conclusively at this time. Nonetheless, the principals 

used the entire five point scale, and it is reasonable to assume that each of the five categories on 

the RTOP Likert-type scale have an equal chance of being selected by a principal on any given 

item. 

Distribution of n for Three Videos 

Figures 9, 10, and 11 display the distribution of n for the principal ratings on the three 

videos.  



 73

 

Figure 9. Distribution of n for Video One. 

 

 
 

 

Figure 10. Distribution of Kn for Video Two. 
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Figure 11. Distribution of n for Video Three. 

 

 

It is evident that there was, in general, much higher agreement between principals and the expert 

scores for Video One than for Videos Two and Three. For Video One, the minimum n value 

across the whole sample was 0.25, indicating that all principals attained a better than chance 

agreement with the expert panel. On the other hand, the distributions of n generated from 

Videos Two and Three are negatively skewed, and there are several instances of lower than 

chance agreement in the ratings of both of these videos. Table 18 displays some descriptive 

statistics of n for the three videos. The lowest overall n, as a whole, came from Video Three, 

which was the least reform-oriented video. 

 

 

Table 18. Descriptive statistics for the distribution of n in all three videos. 

 Video One Video Two Video Three  

Minimum 0.25 -0.67 -0.92  

Maximum 1.00 1.00 0.83  

Mean 0.70 0.43 0.34  

Median 0.75 0.63 0.50  

Std. Dev. 0.19 0.45 0.45  
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Comparing Mathematics Knowledge and n 

In order to explore the relation between individual principals’ content knowledge in 

mathematics and their level of agreement with the mathematics expert panel ratings, I plotted n 

vs. MKT to create a scatterplot of the points for each of the 78 principals. I did this three times, 

once for each of the three videos. I then examined each of the scatterplots to look for any 

apparent curvilinear relationship. Satisfied that none appeared to exist, I used linear regression to 

test the hypothesis that a correlation between mathematics content knowledge and n existed. 

No significant correlation between these two variables was found. The strongest correlation 

found was when the Video Three n was plotted against mathematics knowledge. This scatterplot 

may be seen in Figure 12. Table 19 contains the confidence intervals obtained through the 

analysis of the correlation between n and MKT for all three videos as well as the R2 values for 

all three videos. In all three cases, R2 was very close to zero, indicating little or no correlation 

between the two variables. 

 

 

 

Figure 12. Correlation between n and mathematics content knowledge. 
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Table 19. R2 and   generated through linear regression analysis of the correlation between 
n and mathematics knowledge for teaching. 

    Confidence Interval 

Video   R2 Standard Error 95% Lower 95% Upper 

1 0.005 0.000 0.597 -0.384 1.99 

2 0.041 0.004 1.44 -1.62 4.12 

3 0.080 0.02 1.45 -0.946 4.83 

 

 

Conclusion 

Distribution of Content Knowledge in Mathematics 

The first interesting finding in these results is the distribution of principal content knowledge 

in mathematics. According to these results, elementary school principals appear to have the same 

level of knowledge of content and students in mathematics as elementary school teachers. This is 

a significant result due to the fact that principals supervise teachers in every school, and 

principals are typically the only formal instructional leader for mathematics in elementary 

schools. 

The principals in this study were randomly assigned from a large pool of principals who 

volunteered for professional development in mathematics and science. While it is possible that 

the sample is biased, it is unlikely. The pool of principals that were randomly assigned 

represented one-third of the total population of principals in the state. The principals in this study 

were randomly assigned to this group, and the large number of principals in this study (n=78), 

representing 31 school districts out of the 67 regular school districts in Florida, supports the 

claim that this is a reasonable cross-section of elementary school principals. 

Validity of n 

Based on a theoretical foundation and subsequent test data, the method for measuring 

observation expertise with a free-margin, -type statistic appears to be more valid than using 

Cohen’s method for determining . This may serve to explain some of the dissatisfaction that is 

often found in the medical literature surrounding the use of Cohen’s  to quantify agreement of 

raters using the same protocol (Brennan & Prediger, 1981; Byrt, Bishop, & Carlin, 1993; 

Cicchetti & Feinstein, 1990). 
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An assumption of fixed and symmetric margins is required for Cohen’s method to be valid. A 

free-margin assumption is appropriate in the case of a blind study where raters use an 

observation protocol without any a priori knowledge or restrictions on how they might use the 

given scale rate the subjects(Brennan & Prediger, 1981). For Cohen’s  to be valid, the raters 

must have some prior knowledge about the distribution of ratings across the scale, or their 

responses must be restricted in some way. The free-margin, perfect plus adjacent weighted  

statistic (herein called n) has been demonstrated here through examination of four cases to be 

useful in quantifying level of agreement between a rater and a “gold standard” rating when both 

are using the same ordinal scale. 

Relation Between Mathematics Knowledge for Teaching and n 

No obvious relation between mathematics knowledge for teaching (MKT scale score) and 

observation expertise (n) was found. This result was not expected, and it raises questions about 

the conclusiveness of the underlying assumptions put forward by the case study findings from 

past studies of principals as instructional leaders in mathematics as well as the strength of the 

theory of Leadership Content Knowledge.  

It is possible that the dependency in the relationship between teacher supervision and 

mathematics knowledge is weaker than scholars have proposed. If indeed this is the case, then it 

could be explained by the fact that the nature of learning and classroom instruction in 

mathematics or any other subject is highly complex. It is possible that experienced professional 

educators (such as school principals) are likely to be able to identify the general level of quality 

of instruction in any field, regardless of the subject area. For myself, I would like to think that I 

could watch a science class or a music class and have a valid opinion on the level of instructional 

quality due to my own background as an educator and not necessarily dependent upon my depth 

of knowledge in science or music. It may be that the skills associated with identifying quality of 

instruction are more universal or more general than the LCK theory suggests. 

Possible Errors in Measurement Method 

Of course, it is also possible that the measurement design is flawed. This is a plausible 

explanation that should be explored. The most obvious area for exploration regarding this 

possibility stems from the fact that the three videos used in this study did not contain instances of 

teachers making major mathematics content errors.  
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Content accuracy in videos. In my experience observing elementary classrooms, I have seen 

many instances of teachers making major content errors. As instructional leader, it is important 

that principals can identify these errors and work with teachers to resolve or correct them. It 

would be interesting to replicate this study with video containing instances of teachers making 

mathematical errors. It is possible that the level of content knowledge in mathematics is a better 

predictor of observation expertise in that scenario. Alternately, there may be some threshold for 

principal content knowledge that discriminates between those that notice content errors and those 

that do not. 

Number of videos rated. Another potential flaw or weakness in the ability of this method to 

detect observation expertise is the number of videos these participants watched. It is possible that 

three videos were not sufficient. In contrast to the three videos used herein, a recently published 

study describing a method to measure teacher observation of classroom instruction involved 

teacher observation of 13 video clips (Kersting, Givvin, Sotelo, & Stigler, 2010) and found a 

significant correlation between Mathematics Knowledge for Teaching and observation expertise. 

Of course, there is a cost associated with asking participants to observe 13 videos. It took 

approximately three hours for the participants to observe the 13 video clips. Creative design of 

data collection will be necessary in order to collect data in such a time-consuming method, but it 

may be necessary and worthwhile in order to confirm or reject the theory that mathematics 

knowledge mediates observation expertise and instructional leadership in mathematics. 

General and specific pedagogy. Another important type of video to explore to better 

understand the relationship between mathematics content knowledge and observation expertise 

would be episodes of classroom instruction that have the appearance of high levels of student 

engagement, group work settings, the presence of manipulatives, etc. These variables have been 

identified in subsequent chapters through the qualitative analysis of principal comments to be 

elements of classroom instruction that principals notice. It would be interesting to share videos 

that have these features but have various levels of depth in mathematics or the structure of group 

activities. For example, would content knowledge of principals allow them to better judge the 

quality of student engagement with mathematical ideas when they observe videos with the 

previously mentioned properties (group work, manipulatives, etc.)? Similarly, it is still an open 

question whether principals notice whether group work activities are structure to enhance 

learning through face-to-face promotive interaction, positive interdependence, individual 
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accountability, and so forth. These are key features in well-designed group work activities, but 

the qualitative analysis of principal comments (shared primarily in Chapter Six) do not indicate 

that principals are distinguishing between students seated in groups and students involved in 

well-designed cooperative learning activities. 

Observation protocol. Finally, it is possible that the item stems in the RTOP are not suited 

for an investigation of this type. Admittedly, the RTOP is a high-inference observation protocol, 

and the stems are multi-dimensional. It is likely that a lower-inference instrument that focuses on 

the quality of mathematical ideas, cognitive complexity of mathematics tasks, principal 

interpretation of student mathematical thinking, etc. would allow measurement methods to 

discriminate between levels of skill in observation of mathematics instruction. 
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CHAPTER 5 

INTERPRETATIONS OF MATHEMATICS INSTRUCTION 

 

The second research question that guided this study was as follows. 

What elements of mathematics instruction are consistently interpreted similarly or 

dissimilarly between mathematics specialists and elementary school principals? 

Objective 

The purpose of this exploratory research study is, in part, to gain insight into principals’ 

perceptions of classroom instruction in mathematics. The insight gained will be used to inform 

the design of professional development opportunities for principals in order to improve their 

constellations of skills and insights. In this chapter, I will explore those elements of classroom 

instruction with both high and low within-group agreement in the principal group, the 

mathematics expert group, and between the two groups. 

Method 

Two analytical strategies were employed to explore this question. One of the strategies 

involved the data collected with the RTOP instrument. I examined the agreement and 

discrepancy within both the mathematics specialists’ and the principals’ RTOP ratings. The 

responses for each of the three videos were used. The other strategy examined within-group 

principal agreement regarding several domains that arose during the qualitative analysis of the 

written data.  

The mathematics specialists’ (i.e., the expert panel) responses after their initial viewing of 

each video were used to study their responses. The final RTOP ratings from each mathematics 

specialists on the expert panel were not used because those were generated after focused 

discussion after the mathematics specialists had the opportunity to view the responses of others 

and discuss them at length. Thus, for each video, the initial RTOP ratings from the mathematics 

specialists were used in order to allow a more consistent comparison between the principal 

responses and the mathematics specialist responses. This way, it is reasonable to compare the 

variation in responses between the two groups. 

The first analytical strategy I used was to simply examine the standard deviation for each 

RTOP item on each video for the principal group and then the expert panel. The relative 

variation in the absolute standard deviation of the responses was examined in order to look for 
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possible patterns. This analytical technique is not particularly rigorous, but it was a first glance at 

the data that seemed reasonable and potentially meaningful. Next, a more rigorous methodology 

was used to examine each of the items to quantify the level of agreement for each item. A free-

margin version of Fleiss’ methodology for computing  was used (Brennan & Prediger, 1981; 

Fleiss, 1971; Fleiss, Levin, & Paik, 2003). This method was applied to both the responses from 

the principals as well as the first responses from the expert panelists. Each RTOP item was then 

assigned a -type statistic that corrects for chance agreement. This statistic allows for looking at 

the level of agreement within a group of raters for a given item. 

Fleiss’  provided an item-level measure of agreement within a group of raters. After the 

Fleiss’  statistic was determined for each item, items with both high agreement and high 

disagreement were identified. High agreement may indicate that the community of principals has 

negotiated a shared meaning of the language in the item, and they consistently recognize it when 

they see it. High discrepancy may indicate that the language of the items is not within the shared 

meaning lexicon of school principals. High discrepancy may suggest a need for professional 

development in this area. Alternately, it may suggest that the item is poorly constructed. 

The second analytical strategy I used was to explore two important domains identified 

through qualitative analysis of written principals responses. Principals wrote comments 

regarding their overall evaluations of the lessons and the level of student engagement that they 

perceived. For overall evaluations, I coded them as positive, mixed, or negative. For student 

engagement, I coded whether a given principal declared the level of student engagement in a 

given lesson to be high, mixed, or low. Then, I looked across the two videos to see how 

consistently the principals used these levels within each of the two domains. 

Results 

Within Group Response Variation by Item and Video 

Principal Responses 

Table 20 contains the standard deviation of the principal responses for each item across the 

three videos. A (+) symbol next to the entry in the table indicates that the standard deviation was 

highest for that item and video relative to the other videos on the same item. A (-) symbol 

indicates that the standard deviation was lowest on that item and video relative to the other 

videos.  
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Overall, the principals had higher agreement (i.e., lower standard deviation of their RTOP 

responses) for Video One than for Videos Two and Three. The mean standard deviation for the 

25 RTOP items was lower for Video One than it was for the other two videos, and the standard 

deviation was lowest for Video One on 19 of the 25 items. In absolute relative terms, the 

principal group had the highest discrepancy (i.e., lowest agreement) overall for Video Two, but 

the overall level of agreement between Video Two and Video Three was negligible. It appears 

that the principal group had a more consistent overall interpretation of Video One than they did 

for Videos Two and Three. 

 

 

 

 

Table 20. Standard deviation of principal responses by video and RTOP item. 

RTOP Section RTOP Item Video One Video Two Video Three 

Lesson Design 
and 

Implementation 

1 0.820 (-) 1.072 1.220 (+) 

2 0.540 (-) 1.136 (+) 1.069 

3 1.306 (+) 1.283 0.963 (-) 

4 0.820 0.784 (-) 1.002 (+) 

5 0.946 1.042 (+) 0.884 (-) 

Content: 
Propositional 
Knowledge 

6 0.631 (-) 0.927 0.976 (+) 

7 0.643 (-) 1.033 1.201 (+) 

8 0.605 (-) 0.931 1.162 (+) 

9 0.755 (-) 1.120 1.196 (+) 

10 0.998 (-) 1.061 1.311 (+) 

Content: 
Procedural 
Knowledge 

11 0.935 0.995 (+) 0.749 (-) 

12 0.944 1.203 (+) 0.979 

13 0.716 (-) 1.113 (+) 1.095 

14 0.938 (-) 1.210 (+) 1.033 

15 0.711 (-) 1.231 (+) 1.143 

Classroom 
Culture: 

Communicative 
Interactions 

16 0.907 1.156 (+) 0.767 (-) 

17 0.702 (-) 1.125 (+) 0.981 

18 0.675 (-) 1.145 (+) 0.863 

19 0.884 (-) 1.002 (+) 0.972 

20 0.581 (-) 1.018 1.111 (+) 

Classroom 
Culture: 
Student-
Teacher 

Relationships 

21 0.474 (-) 1.104 1.238 (+) 

22 0.715 (-) 0.910 1.071 (+) 

23 0.514 (-) 0.844 1.107 (+) 

24 0.565 (-) 1.117 1.227 (+) 

25 0.781 (-) 1.028 1.086 (+) 

 Mean 0.764 (-) 1.064 (+) 1.056 
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There is a curious pattern within the variation in responses by RTOP subsection for Videos 

Two and Three. The overall variation in response between Videos Two and Three appear similar, 

but the similarity does not remain when the variation is examined at the item level. Looking at 

the five sections of the RTOP as designated by the RTOP developers, the highest discrepancy in 

responses occurred in different sections between Videos Two and Three. For Video Three, all 

five of the items in Content: Propositional Knowledge had the relatively highest discrepancy. 

Likewise all five items in the Classroom Culture: Student-Teacher Relationships section for 

Video Three had relatively higher discrepancy than the responses for the other two videos. In 

these two sections, the standard deviation was higher in Video Three than in the other two videos 

for all of the five items. On the other hand, these same sections had the highest agreement on 

Video One, with all five of the items from each of these sections having the lowest standard 

deviation on Video One relative to Videos Two and Three. In addition, the items with the highest 

variation in response for the most reform-oriented video (Video Two) occurred primarily in the 

Content: Propositional Knowledge section as well as the Classroom Culture: Communicative 

Interactions section. 

Mathematics Specialist Responses 

Table 21 contains the standard deviation of the expert panelists’ responses for each item 

across the three videos. As in Table 20, a (+) symbol next to the entry in the table indicates that 

the standard deviation was highest for that item and video relative to the other videos on the 

same item, and a (-) symbol indicates that the standard deviation was lowest on that item and 

video relative to the other videos.  

Overall, the expert panelists appear to have much higher agreement (i.e., lower standard 

deviation) for Video Three, the video with the lowest reform-orientation. The mean standard 

deviation for the 25 RTOP items is lower for Video Three than it is for the other two videos, and 

the standard deviation is lowest for Video Three on 18 of the 25 items. Interestingly, the expert 

panel has the highest discrepancy (i.e., lowest agreement) overall for Video One. The standard 

deviation was higher on Video One for 13 out of 25 items. It appears that the expert panelists 

have a much more consistent overall interpretation of Video Three than they do for Videos One 

and Two. 
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Table 21. Standard deviation of expert panelist responses by video and RTOP item. 

RTOP Section  RTOP Item Video One Video Two Video Three 

Lesson Design 
and 

Implementation 

1 0.756 0.787 (+) 0.535 (-) 

2 0.690 (+) 0.690 (+) 0.378 (-) 

3 1.704 (+) 0.535 0.000 (-) 

4 0.976 (+) 0.000 (-) 0.000 (-) 

5 1.414 (+) 0.900 0.488 (-) 

Content: 
Propositional 
Knowledge 

6 0.535 (-) 0.535 (-) 0.787 

7 0.690 0.535 0.378 (-) 

8 0.787 (+) 0.000 (-) 0.756 

9 0.756 (-) 0.756 (-) 1.155 (+) 

10 0.690 0.488 (-) 0.787 (+) 

Content: 
Procedural 
Knowledge 

11 1.215 (+) 1.134 0.690 (-) 

12 1.069 1.512 (+) 0.000 (-) 

13 0.690 0.756 (+) 0.488 (-) 

14 1.069 (+) 1.000 0.787 (-) 

15 0.951 (+) 0.787 0.488 (-) 

Classroom 
Culture: 

Communicative 
Interactions 

16 0.535 1.113 (+) 0.488 (-) 

17 0.535 0.535 0.535 

18 0.535 0.535 0.535 

19 0.976 1.215 (+) 0.488 (-) 

20 0.816 (+) 0.378 (-) 0.535 

Classroom 
Culture: 
Student-
Teacher 

Relationships 

21 0.535 (-) 0.756 (+) 0.535 (-) 

22 0.951 (+) 0.488 0.000 (-) 

23 0.900 (+) 0.488 (-) 0.690 

24 1.000 (+) 0.976 0.000 (-) 

25 0.976 1.134 (+) 0.378 (-) 

 Mean 0.870 (+) 0.721 0.476 (-) 
 

 

Looking at the five sections of the RTOP as designated by the RTOP developers, the highest 

agreement occurred primarily in three sections: Lesson Design and Implementation; Content: 

Procedural Knowledge; and Classroom Culture: Student-Teacher Relationships. In these 

sections, the standard deviation was lowest for all five or four out of the five items in the section. 

On the other hand, these same sections had the highest discrepancy on Video One, with three or 
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four of the items from each of these sections having relatively higher standard deviation on 

Video One than on Videos Two and Three. 

The same patterns emerge when I examined the standard deviation of the total RTOP score 

for each video. Table 22 shows the standard deviation of the sum total of the 25 responses for 

each video. For the expert panelists, the least discrepancy in responses was found in the 

responses for Video Three, while the highest discrepancy was found in the responses for Video 

One. This pattern is not the same for the principal group, where the highest agreement was found 

for Video One, while the responses for Videos Two and Three both have considerably more 

variation. 

 

 

Table 22. Standard deviation of the total RTOP score by video and rater group. 

Raters Video One Video Two Video Three 

Principals 11.835 18.484 18.875 

Expert Panel 14.434  9.082  4.995 

 

 

Chance-corrected Within Group Agreement by Item 

The RTOP data were examined at the item level with the free-margin variation of Fleiss’  

described in chapter four. The results of this analysis are displayed in Table 23. This method 

should provide insight into the level of consistency of interpretation between the video and the 

item stem in the RTOP for both the principal group and the mathematics specialist group.  

Calculation of Fleiss’  returns a value that may be anywhere along the continuum between -

1 and 1. A value of  = 0 would indicate that the agreement is equivalent to what would be 

expected by chance. All of the  statistics generated for the 25 RTOP items indicate that the 

within-group agreement is higher than what would be expected if the raters were to select 

randomly and uniformly from the five RTOP categories. The standard error calculation for each 

item supports the conclusion that each value is significantly greater than zero.  

The highest  value returned is 0.66 for RTOP item four (see the entire RTOP form in 

Appendix G). With the exception of item number four in the specialist group, none of the RTOP 
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items generate particularly high Fleiss’ . Only items 4, 8, 18, 22, and 24 resulted in  higher 

than the mean for each of the groups, respectively. 

 

 

Table 23. Free-margin Fleiss’  for principal group 
and mathematics specialists group. 

RTOP Item  (Principals)  (Expert) 

1 0.14  0.19 

2 0.20  0.33 

3 0.11  0.46 

4 0.25  0.66 

5 0.16  0.11 

6 0.17  0.31 

7 0.13  0.37 

8 0.25  0.42 

9 0.11  0.07 

10 0.10  0.25 

11 0.21  0.05 

12 0.14  0.37 

13 0.16  0.23 

14 0.14  0.11 

15 0.16  0.29 

16 0.20  0.21 

17 0.18  0.29 

18 0.25  0.29 

19 0.13  0.13 

20 0.20  0.33 

21 0.24  0.23 

22 0.21  0.50 

23 0.28  0.21 

24 0.24  0.38 

25 0.16  0.33 

Mean 0.18  0.28 
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Summary of Quantitative Results 

The quantitative analysis of the internal consistency of principal responses and expert 

panelists’ responses suggests several possibilities. It appears that the principal group has a highly 

consistent interpretation of what they saw in Video One. This may be due to the fact that students 

are working in groups, talking with one another and the teacher, the teacher is walking around 

the room, and so forth. These qualities are shown in Chapter Six to be the elements of classroom 

instruction that principals look to find and notice in any lesson. Further, all of the students in 

Video One would appear to be “engaged,” which is another important domain for principals.  

In spite of Video Two being even more reform-oriented (as defined by the total RTOP score), 

the principals do not rate Video Two or Video Three as consistently as they do Video One. I 

believe this is due to the fact that Videos Two and Three do not showcase those same elements 

of classroom instruction (group work, student engagement, teacher moving around the room, 

learning goal displayed prominently, etc.) that principals want to see. These things are more 

subtle in Video Two, and, with the exception of the learning goal, they are non-existent in Video 

Three. I propose that the lack of these central features in the professional vision of elementary 

school principals accounts for the higher degree of inter-rater inconsistency within the principal 

group. 

Overall, the expert panelists’ rated the videos more consistently than the principals. 

Interestingly, the same pattern does not emerge in the expert panelists’ ratings. The expert 

panelists’ ratings were highly consistent for Video Three, the least reform-oriented of the three 

videos. In fact, all seven members of the panel gave the exactly same rating for five of the 25 

RTOP items when they first rated Video Three, resulting in a standard deviation of zero. The 

expert panelists’ were less consistent in their ratings of the two reform-oriented videos. This 

makes me think that mathematics specialists have identified what they do not want to see in 

instruction much more clearly than they have negotiated what they do want to see. 

It is tempting to draw conclusions related to the differing levels of consistency by RTOP 

section across the different videos, but I will refrain from making too many inferences. It will be 

interesting to study the internal consistency across different domains (such as RTOP sections) 

between mathematics specialists and principals. My hunch is that the experts are more consistent 

when they see things they don’t like (such as teacher-directed instruction), and principals are 

more consistent when they see things they do like (such as apparent student engagement, group 
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work, manipulatives, teacher moving around the room, etc.). I don’t think I have sufficient data 

to make these inferences at this time. 

According to the values of Fleiss’  generated across the RTOP ratings for three videos, it 

appears that both the expert panelists and the principals have higher agreement than would be 

expected by chance. This indicates that they have some level of skill and consistency within their 

own profession when it comes to observing and rating instruction. On the other hand, the 

absolute values of Fleiss’  are fairly low, indicating that both groups of education professionals 

could improve the consistency of their interpretations of mathematics instruction. 

Principal Agreement in Written Data 

The second analytical strategy I used was to explore three domains  identified while 

generating codes for the qualitative analysis. I worked with a colleague who is a principal-on-

leave working at the university and used the check-coding process with her to verify the 

reliability and validity of my codes. Chapter 6 contains more details on the development of the 

codes and the reliability levels encountered. 

Overall Evaluation of Instruction 

The first prompt in the open-ended form asked principals to record their overall impression 

of the video. Seventy participants made remarks about Video Two that could be interpreted as 

evaluative. The overall comments for each principal and each video were coded as Overall 

Positive, Overall Mixed, or Overall Negative. Many of their responses to the first prompt began 

with an evaluative statement such as the following examples of comments coded as Overall 

Positive. 

 I thought that the lesson demonstrated student learning. 

 The teacher did a good job. 

Table 24 shows the distribution of overall evaluations of the two videos. 

 

 

Table 24. Overall opinions about the quality of instruction across two videos. 

 Negative Mixed Positive 

Video Two 7% 27% 66% 

Video Three 70% 20% 10% 
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Sixty-six percent of these principals gave an overall positive evaluation of Video Two. Twenty-

seven percent had mixed remarks about Video Two (some positive, some negative), and seven 

percent had overall negative remarks about Video Two. For Video Three, ten percent of the 

participants gave an overall positive evaluation, 20% gave it a mixed evaluation, and 70% of 

participants made overall negative remarks about the instruction in Video Three. 

It is evident that the principals had a more positive outlook toward the more reform-oriented 

lesson than they did toward the less reform-oriented lesson. It is also evident that not all 

principals interpreted the instruction in the same way, and there were some whose opinion 

dissented from the majority. Nonetheless, in these two videos, the majority of the principals 

favored reform-oriented instruction in mathematics. 

Student Engagement 

The second most frequently encountered principal comments were those related to student 

engagement. These comments were similarly coded according to three levels of student 

engagement: high, mixed, or low. For more detail on the codes and check-coding process, see 

chapter 6.  

In my work with principals, I have frequently noticed major discrepancies in judgment 

related to perceptions of student engagement. When I eavesdrop on groups of principals 

discussing videos of classroom instruction, I invariably hear one group noting that students were 

highly engaged and another group discussing the dismally low levels of student engagement (in 

discussions of the very same video). For this reason, I used three different sub-codes for student 

engagement: High, Mixed, and Low. Table 25 shows the distribution of the percentage of 

principals who described the level of student engagement in the two different videos. 

 

 

Table 25. Perceived levels of student engagement across two videos. 

 SEL SEM SEH 

Video Two 16% 47% 37% 

Video Three 67% 15% 18% 
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There is clear discrepancy between participants’ judgment of the level of student engagement 

in the two videos. There is reasonably high agreement for Video Three, the more traditional 

approach to teaching mathematics, but there is high discrepancy in judgment for Video Two. 

Conclusion 

In my work with principals over the past several years, I have informally noticed that my 

previously held beliefs about principal expectations for mathematics instruction were not aligned 

with their actual expectations. I had previously believed that principals wanted orderly 

classrooms with the teachers and students engaged quietly in direct instruction. These data 

indicate more formally that my beliefs were not accurate. According to these data, the strong 

majority of elementary principals prefer more reform-oriented mathematics instruction wherein 

students are engaged in explaining their own thinking, discussing multiple methods for solving 

problems, and taking an active role in inquiry and problem solving. 

On the other hand, the terms that principals use to describe mathematics instruction appear to 

be ill-defined. Regardless of the lesson they observe, principals frequently and consistently 

discuss whether students were engaged. According to this data, principals have low levels of 

agreement whether students were engaged. It is likely that the problem lies in the subjective and 

highly inferential nature of the notion of engagement. Where one student may learn to train their 

eyes on the teacher and nod every few moments in spite of the focus of their mind, another 

student might stare at the floor or ceiling while their mind engages in deep thought about the 

mathematical topic being discussed. An outside observer must make an inference about the level 

of their “engagement,” and the surface-level, observable features of student behavior may be 

misleading.  

I think student engagement is an ill-conceived notion for measuring the quality of instruction 

or learning in a snapshot of mathematics instruction. I don’t think a person can reliably 

determine the level of cognitive engagement in another person. According to the data collected 

in this study, it is unlikely that a person (even a highly trained, professional observer) can judge 

the level of engagement of a room full of individuals with sufficient consistency. The notion of 

student engagement is poorly defined and far too open to individual interpretation. Principals 

should stop looking for “student engagement” in general and instead look for different indicators 

of learning that are more central to mathematical ideas or student and teacher behaviors and that 

have been demonstrated to have an effect on learning. 
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CHAPTER 6 

APPRECIATIVE SYSTEMS OF ELEMENTARY PRINCIPALS 

 

In this chapter, I present the results of my exploration of principals’ written comments related 

to three videos of classroom instruction in mathematics. The results of my qualitative data 

analysis will be presented in relation to the following research question. 

What do elementary school principals commonly notice or look for when observing 

mathematics instruction? 

In their role as instructional leaders and teacher supervisors, I believe the words that 

principals use to describe instruction are of critical import. Without words to describe a 

phenomenon, the principal cannot provide specific feedback or instructions to teachers. It may be 

possible for principals to model teaching and thus convey messages to the teacher without words, 

but I believe the words that a principal uses to describe instruction and instructional goals are 

fundamentally important as the principal performs the role of instructional leader. 

In this study of the attributes of principal instructional leadership, I was most interested in 

how elementary principals, as a professional community, interpret classroom mathematics 

instruction. This does not mean that I intended to characterize each of them as having the same 

view or to know how one participant might describe instruction differently from another. I was 

not looking to measure the participants’ skill or knowledge in this area with the qualitative 

analysis. Rather, I intended to find the words and ideas commonly used within the community of 

practice to describe classroom instruction. 

I studied the words that principals wrote when they responded to three open-ended prompts 

after they observed two videos of classroom instruction. I attempted to refrain from making 

inferences regarding the participants’ skill or ability to identify certain aspects of mathematics 

instruction while conducting this analysis. One video (Video Two) was an example of reform-

oriented instruction, while the other video (Video Three) was chosen because it was 

representative of what the TIMSS Video Study researchers found in US mathematics instruction 

and what is commonly referred to as “traditional” instruction. The videos were chosen so that I 

might gain insight into the way the principals viewed different approaches to mathematics 

instruction similarly or differently. 
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Objective 

In the following pages of this chapter, I attempt to begin to catalog the shared language used 

by school principals in order to build an understanding of the aspects of classroom instruction 

that they typically notice. I will share what I encountered in written responses to prompts asking 

principals to respond to videos of classroom instruction. The written responses provided 

information about elementary school principals’ appreciative system, practical judgment, and 

professional vision.  

My goal in this chapter is to begin to create a taxonomy of the words and ideas that principals 

collectively use to describe and discuss classroom mathematics instruction. The purpose of 

analyzing the principals’ comments was not to compare them with principal content knowledge 

or RTOP scores. Rather, the data were used to gain insight into the aspects of mathematics 

instruction that elementary school principals, as a whole, commonly notice and the words they 

use to describe what they notice. 

Method 

For a more complete picture than a structured, quantitative instrument can provide, I 

provided three open-ended prompts and asked the participants to respond in writing to each of 

the three prompts. This was done after the participants observed two videos. The written 

responses were analyzed for common themes and coded according to these themes. 

I generated codes in a multi-step process. The initial set of codes were generated based upon 

literature reporting principal perspectives on classroom mathematics instruction as well as my 

own observations of principals discussing videos of mathematics instruction (Nelson & Sassi, 

2000, 2005; Reed, Goldsmith, & Nelson, 2006; Stein & Nelson, 2003). Appendix J contains the 

initial set of codes. After the initial codes were generated, I read the written data and applied the 

codes when appropriate. Through an iterative process of reading written data and creating 

additional codes when themes emerged across multiple principal responses, I created a final set 

of codes so that all of the codes corresponded to words and ideas that appeared in the data a 

significant number of times. 

Generating Codes 

Because the nature of the open-ended response data was qualitative, qualitative data analysis 

techniques were applied to all these written data. In qualitative research, a pre-assigned coding 

system can be used, and researchers may look for regularities, patterns, and topics that the data 
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cover to create coding categories (Bogdan, & Biklen, 1998). After all units of data were coded, 

where the unit of interest in this study was a word or a phrase, the emerging themes and 

proportions were used to generate further codes and refine the pre-assigned codes in order to 

better answer the research questions. 

In this study, I used an iterative process for generating the codes, and I used a check-coding 

process to verify the validity and reliability of the codes (Miles & Huberman, 1994). Initially, I 

created a list of codes based upon common themes that I had previously noted in face-to-face, 

group discussion during the 16 days of workshops I had already conducted with approximately 

85 principals over the course of the year prior to data collection. None of those principals were 

part of the four cohorts included in this study. Supplementing these categories, I added themes 

from scholarly literature I had read regarding principals observing mathematics discussion. This 

intitial list of pre-assigned codes are deemed the a priori codes, and they may be found in 

Appendix J.  

After these a priori categories were created, I examined the data from 2 of the 4 cohorts and 

used open coding (Miles & Huberman, 1994) to create additional categories based upon common 

themes in the data that were not covered by the a priori categories. I read the data for cohorts 

A1E and A2E to look for commonly used words or commonly addressed themes. When a word 

or theme appeared frequently, I created a word or phrase, based on the specific words found in 

the data, to be the title of the category. The goal in generating this set of codes was to incorporate 

all of the important words or themes that occurred more than once so that the codes would be 

mutually exclusive and all of the data would be coded. I coded the data by looking for themes in 

words or phrases rather than sentence or paragraph-sized themes. Words or comments written by 

only one of the 78 participants were ignored. They were not considered unimportant, but the 

infrequency made the word or comment invalid for the purpose of this study.  

After the data was read and the codes were written, the same set of data was coded, start to 

finish, with the full list of a posteriori codes. Some of the category titles were refined, and some 

of the categories that I created during the first examination of the cohort A1E and A2E data were 

combined or eliminated during this second look at the data. 

After the emergent code categories were refined, the two lists of codes were then combined 

to create a single set of codes to be used in the check-coding process. In combining the codes, I 

noticed some overlap of ideas between the a priori codes and the codes that had come directly 
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from the data. In some cases, when the meanings of words are very similar and the specific word 

usage was different, the original title was modified to reflect the specific words encountered in 

the data. The codes, their descriptions, and specific examples of participant words are shared in  

a subsequent section entitled Coding System. 

After this process was complete, I had two lists of codes and themes. One had been generated 

prior to any data analysis through analysis of the literature in this area and through experiences in 

prior discussions with principals regarding mathematics instruction. The other was generated 

directly from the data. It may have been sufficient to only create codes from the data, but I was 

interested in cross-comparison of what I had observed in group conversation as well as what I 

had observed in the published literature on this topic. This comparison allowed me to ascertain 

some idea as to the validity and reliability of this format for collecting these data (i.e. written 

responses by individual principals as contrasted with verbal responses in groups or individually) 

as well as compare what I found in my data with what has been reported in prior studies on 

principal instructional leadership. 

Using Check-coding to Test Reliability 

Satisfied with the set of codes, I coded all of the data for cohorts A1E and A2E. Two weeks 

later, I coded the data for cohorts A3E and A4E. After coding the data from all four cohorts, I 

asked a colleague with nine years of recent experience in the state of Florida as an elementary 

school principal to code the data for cohorts A3E and A4E. Using this check-coding process 

allowed me to determine inter-rater reliability with these codes and provided some check on the 

validity of my interpretation. The overall level of reliability of the codes was determined based 

on the formula in Equation 11 (Miles & Huberman, 1994).  

Table 10 shows the results of inter-rater reliability analysis using Equation 11. The reliability 

was calculated after both researchers separately coded 40 participants’ written data. A total of 

596 assignments of codes occurred. The overall reliability was higher than the frequently 

recommended benchmark of 0.80, indicating that the codes were well defined, valid and 

sufficiently consistent and reliable 

Next, I shared the codes and data with a colleague who was a veteran elementary school 

principal. Working separately, she and I analyzed the written data one last time using the codes 

that had previously been defined through the iterative process. The reliability of the set of codes 

was calculated and determined to be sufficiently high. 
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After the validity and reliability of the codes was established, I entered the codes I had 

applied into a spreadsheet so that I could run descriptive statistics such as how often each code 

was applied and whether the codes were applied consistently between principals and videos. This 

analysis provided insights into the coded data that were not readily apparent such as the codes 

that were applied evenly across both videos or the codes that were applied to only one of the two 

videos. 

The data were further analyzed to see which codes were applied most frequently and to see if 

the codes with sub-scales (e.g., GW*, SE*, PAC*, SEAT*, and IB*) would provide any insight 

into principal interpretations, attitudes, and beliefs. Some discussion of the differences in 

principal interpretation (such as whether they observed a high level of student engagement or a 

low level of student engagement in a given video) was presented in Chapter Five. 

Results 

The principals in this study responded, in writing, to three prompts immediately following 

their viewing of two videos of classroom mathematics instruction (Videos Two and Three). I 

coded the written remarks from 73 of the 78 principal participants. Five of the participant’s 

responses were illegible or did not scan sufficiently clearly to be useable. With 73 participants 

and six sections for each participant, there were a total of 438 sections. The written data resulted 

in 1108 instances of a code assigned to a written response. Of the 438 sections, there were 25 

instances that the participant wrote a response that did not match any code (resulting in a code of 

“NOTH”). There were 16 sections total that participants did not respond at all (resulting in a 

code of “NA”). 

Coding System 

The data were analyzed according to codes that were developed through an iterative process. 

The first list of codes (the a priori codes) and their associated descriptions were based upon my 

own observations of the pilot groups of principals discussing videos of mathematics instruction 

as well as my interpretation of published literature that describes the comments of principals 

working as instructional leaders in mathematics (e.g., Nelson & Sassi, 2005). The second list of 

codes (the a posteriori codes) and their associated descriptions emerged through the process of 

reading and analyzing the data. This second set was generated in attempt to fulfill my goal of 

capturing all of the comments that emerged as themes in the responses of multiple principals. 
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The final two codes, NA and NOTH, were also a result of looking at the data and the process of 

generating the list of emergent codes.  

The next two sections provide information about the codes that emerged during data analysis. 

There are two lists within the entire set of codes that were applied. One list includes all of the 

codes that were anticipated prior to analysis of data. The second list is a set of the codes that had 

not been anticipated. All of the codes in the two lists were applied to the data. Any codes that 

were generated through the process that were eventually removed or modified are not listed. 

A Priori Codes 

Before I read any of the written data, I compiled a list of potential categories based on my 

awareness and experiences in four major arenas: 1) hearing principals discuss during workshops; 

2) scholarly literature related to principal supervision and beliefs about teaching and learning; 3) 

commonly referenced “best practices” encouraged by the state department of education, state 

associations of school administration, and well-known writers and speakers in the realm of 

school instructional leadership; and 4) major documents that are commonly referenced in 

mathematics education policy and research. 

The following list of codes and descriptions were generated prior to data collection or 

analysis. This list is not the original complete list of a priori codes. The complete list of a priori 

codes may be found in Appendix J. The unused codes in the original list were removed. After 

each of the code titles in the following, I will include the shortened code used, criteria for 

application of the code, and a verbatim example of a principal comment that was typical of that 

idea. 

Student Engagement as Limited, Low, or Problematic [SEL]: This code was applied when 

the participant remarked specifically upon the “engagement” of the students and judged it to be 

low. “There was very little student engagement.” 

Student Engagement as Mixed or Questionable [SEM]: This code was applied when the 

participant remarked specifically upon the “engagement” of the students and judged some 

students to be “engaged” and others to be “not engaged” or otherwise insufficiently engaged. 

“Students are engaged and thinking (for the most part)…could be more engaged.” 

Student Engagement as High or Adequate [SEH]: This code was applied when the participant 

remarked specifically upon the “engagement” of the students in the video and judged their 

engagement to be high. “The students were engaged and active.” 
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Wait Time [WT]: When the participant wrote something about wait time in reference to 

teacher questions, this code was applied. “Gave wait time to have students write definition. Gave 

time to answer.” 

Learning Goal [LG]: This code was applied whenever a participant remarked upon the 

learning goal and/or whether it was displayed in the classroom or known by the students, teacher, 

or the observer. “Did she introduce standard/purpose of lesson? Objective?” 

Use of Manipulatives [MNP]: This code was applied whenever participants used the word 

manipulative. “Manipulatives would help.” 

Teacher Movement around Classroom [TMOV]: When the participant wrote something 

about the movement of the teacher around the classroom, this code was applied. “Needed to 

circulate and monitor.” 

Group Work Exists [GWE]: this code was applied when the participant wrote an observation 

that the students were organized into groups or pairs for discussion (i.e., invoking words such as 

cooperative learning, pair-share, etc.). “The classroom was set up to facilitate student discussion 

and collaboration and the teacher gave them opportunities to interact with each other.” 

Group Work Needed [GWN]: this code was applied when the participant wrote that the 

students should be organized into groups or pairs for discussion or work (e.g., think-pair-share, 

small group discussion, small group work, cooperative learning, etc.). “Hardly anything –

Possibly grouping students or having a method to make sure every student was engaged and 

participating.” 

Seating arrangement [SEATI, SEATG]: When the seating arrangement was mentioned and 

the participant noted that students were seated individually or in groups, this was coded as 

SEATI or SEATG, respectively. This was not a comment on whether students were working 

together. This is different from GWN or GWE in the sense that the participant did not 

recommend seating in groups or refer to student interactions. Rather, the participant simply 

commented on the seating arrangement. “Typical math lesson—rows of students.” 

Student Understanding [SUND]: This code was applied whenever the participant remarked at 

all upon evidence of student understanding, evidence of student misconceptions, or otherwise if 

or when the participant wrote that they were wondering whether students understand. “Students 

were asking questions. Teacher didn’t see that it was because they were confused. They needed 

further specific clarification.” 
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Cognitive Demand of Tasks [DOK]: When the cognitive demand of a task was mentioned, 

which typically invoked words such as cognitive complexity, Depth of Knowledge, or critical 

thinking, this code was applied. “No critical thinking, low-order questioning.” 

Interesting or Boring Lesson [IBI, IBB]: These two codes were used when the principal used 

the words “interesting” (IBI) or “boring” (IBB) to describe the lesson. “Enthusiasm” was coded 

as IBI. Surprisingly, the word “boring” was used often. The code does not distinguish between 

whether it was the principal or the students who were deemed bored or interested, because it was 

typically not possible to distinguish between the two in the principal comments. “Boring, 

teacher-led discussion.” 

Teacher-directed Instruction [TDI]: this code is used when the participant wrote words 

indicating either “teacher directed” or “traditional” instruction. “She should give up the total 

teacher directed lesson and allow the students to contribute more than just answering her 

questions.” 

Student-centered Instruction [SCI]: this code was used when the participant wrote a reference 

to “student-centered” instruction. “Yesterday’s video lesson was deeper and more student 

centered.” 

Student Exploration/Discovery Learning [SEDL]: this code was applied when the participant 

referenced student “exploration,” “student discovery,” or students “doing the work.” The words 

“student-centered” were not used in these cases, and so SCI and SEDL were coded separately. 

“I’d like to see more student talk and exploration at the group level.” 

Reference to the Concept of Variables or Variable Expressions [VAR]: Any time the 

participant used the word “variable,” which was the central topic of both of the videos, this code 

was applied. “Never asked why or when we would use variable expressions.” 

Too much Teacher Talk [TTT]: When the participant wrote that the teacher was doing too 

much talking, this code was applied. “There was too much teacher talking and student note 

taking.” 

Overall Positive [OP]: This code indicates that the participant strictly wrote comments that 

were positive evaluations of instruction. “I thought this was a good lesson.” 

Overall Mixed [OM]: This code indicates that the participant made some comments that were 

positive comments and some negative comments (or spontaneous suggestions to change the 

approach to teaching) evaluating the instruction in the video. “This lesson was at a basic—
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generally acceptable level, with simple responses to questions. Student reasoning was explored 

and recorded. Greater depth could have been accomplished if she had asked small groups to 

determine multiple approaches to the solution.” 

Overall Negative [ON]: This code indicates that the participant wrote comments indicating a 

primarily negative evaluation. “Not good!” 

A Posteriori Codes and Their Descriptions 

The following set of codes and descriptions arose through the process of examining the data 

collected in the form of written comments regarding Videos Two and Three. 

Check for understanding [CFU]: When the participant wrote anything about strategies for the 

teacher to check for student understanding, this code was applied. This is distinct from SUND in 

the sense that this relates to a teacher making the effort (or not making the effort) to check for 

student understanding. “Teacher checks for understanding of each method.” 

Students Explain Thinking [EXP]: This code was applied whenever the participants wrote 

that students were explaining their thinking or that student should be explaining their thinking. 

“Students were able to formulate, articulate, and explain their thinking in a way for others to 

understand.” 

Students Defend/Justify [SDJ]: This code was applied whenever the participant wrote that 

students were defending or justifying ideas It was necessary for the participant to write that 

students were using reasoning and not just voicing their thinking to make this distinct from EXP. 

“This lesson made students think. They had to come up with an answer and then justify the 

answer.” 

Pace of Lesson [PACS, PACG]: When the participant referred to the pace (either fast, 

PACG, or slow, PACS), this code was applied. Occasionally, there was a reference to “wasting 

time,” which was then coded as PACS. “Pacing way too slow.” “Well done pacing.” 

Trust and Safety [TRST]: This code was used anytime the participant mentioned that there 

was an atmosphere of safety (for students to ask questions or share ideas, for example), teacher 

using humor to connect with the students, and various other comments related to student and 

teacher rapport. “Students very comfortable participating, asking questions.” 

Learner Types [LT]: This code was applied whenever learner types (such as visual, 

kinesthetic, etc.) were mentioned. “Not all learners are auditory learners. Smart board (LCD) 

for visual learners.” 
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Note-taking strategies [NTS]: This code was applied whenever the participant wrote 

something about students taking notes. This did not require a mention of students engaged in 

reflection or metacognition. Note-taking was generally interpreted as not being a valuable use of 

time. “Less note taking—this was boring!” 

Class Discussion [CD]: This code was applied whenever the participant mentioned anything 

about whole-class discourse. “Discussion is not rich and only about process instead of 

understanding the concept.” 

Student Reflection [REF]: This code was applied whenever the participant referred to using 

journals to reflect upon ideas or using other metacognitive strategies. “The words ‘think,’ 

‘thinking,’ and ‘thought’ were used constantly. Even the students themselves were explaining 

how they solved the problem using statements such as ‘I was thinking.’ I think this is very 

powerful in a classroom—meta-cognition –the students learn.” 

Students Writing Formulas [SWF]: This code was applied when the participant wrote 

anything about students translating verbal communication into written communication (including 

mathematics notation). “Have the students put their method in writing w/explanation prior to 

discussion.” 

Students Doing Practice Problems [SPP]: When the participant mentioned students 

practicing specific mathematics skills, this code was applied. “Students need opportunity for 

guided practice.” 

Vocabulary Use and Development [VOC]: When the participants mentioned the use and/or 

development of vocabulary, this code was applied. This included the use of word walls, writing 

definitions, or students using vocabulary words either verbally or written. Participant comments 

included references to both the teacher and the students using vocabulary. “Infuse 

vocabulary/concept map to include words discussed (ex. Perimeter, area).” 

Reference to Prior Knowledge [RPK]: When the participant wrote something about the 

students’ prior knowledge or background knowledge, this code was applied. “Build on students’ 

backgrounds.” 

Teacher Content Knowledge [TCK]: When the content knowledge of the teacher was 

mentioned, this code was applied. “I felt that the teacher’s lack of math knowledge hindered the 

entire lesson.” 
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Teacher Questions [TQ]: When the participant referenced the questioning strategies that the 

teacher used, this code was applied. “Improve questioning techniques.” “Good job probing by 

the teacher.” 

General or Specific Praise [GSPS]: When the participant mentioned “specific praise” or any 

other praising of students, this code was applied. “Specific praise evident.” 

Teacher Collaboration [CIP]: When the participant mentioned teacher collaboration, which 

were encountered only after the prompt asking them to make suggestions to the teacher, this code 

was applied. “I would suggest that she visit other classrooms/observe another teacher.” 

Different Methods of Solving the Problem [MMSP]: When the participant remarked upon 

multiple methods to solve a given problem, this code was applied. “Students’ different methods 

of answering the question. Even though I know everyone learns differently, it is amazing to see 

how many different ways students can solve a problem.” 

“Real world” examples and Connections [RWE]: When the participant remarked upon “real-

world examples” or “real-world connections,” this code was applied. “No tie into real world 

applications.” 

“Concrete” Examples [CON]: When the participant used the word “concrete,” this code was 

applied. “Need more concrete representation.” 

No Code Applicable [NA]: This code indicates that the participant wrote something in 

response to one of the prompts, but no code applied to the comment. 

Nothing [NOTH]: This code indicates that the participant did not respond at all (in words) to 

a given prompt. 

Observations from Qualitative Data 

After reading the written comments to look for codes that I had not considered a priori, 

several matters struck me almost immediately. First, it seems that all principals agreed that 

students should be seated in groups. There is not a single written comment suggesting a contrary 

opinion. Second, principals often encouraged the practice of “checking for understanding” and 

for students to have opportunities to “explain their thinking.” I did not read the current 

buzzwords of “formative assessment.” While I think the practice of checking for understanding 

and students explaining their thinking are essential elements of formative and assessment, I find 

it peculiar that the principals did not choose to write those words. Rather, they wrote words that, 

perhaps, related more specifically to what they wanted to see (and were perhaps less of a cliché 
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than terms such as formative assessment). I believe it is important to use the principals’ words to 

code and report the data whenever possible rather than changing the terms to ones that are 

common in my own lexicon. Thus, the a priori categories for formative assessment and 

Reasoning and Proof were changed to “checking for understanding” (CFU) and “students 

explaining their thinking” (EXP), respectively. 

Absent Themes 

There were some codes that I have often heard referenced during principal group discussions 

that I did not encounter in the individual written data. The most striking (to me) are the terms 

“Rigor” and “Relevance.” These terms are the trademark mantra of a school administrator guru 

who has a large following of principals and other school administrators. These terms are also 

ubiquitous in the school leadership literature. The principals mention these concepts often during 

group discussion, but they were never referenced in individually written data. Perhaps these 

terms are socially acceptable and encouraged, but they were not encountered in these data. 

It was common for principals to refer to the practice of students explaining unique or 

different methods of thinking about mathematics as “problem-solving.” I do not believe that this 

is the intent of Problem Solving as defined in the NCTM Process Standards. Thus, these 

instances were coded as “multiple methods for solving problems” (MMSP). 

I was impressed with the number of times principals referred to vocabulary practice and 

development (VOC). In almost all cases, the reference is to mathematics vocabulary. While the 

cynic might claim that this is because principals receive more training in reading instruction, the 

importance of students knowing and using mathematics vocabulary is undeniable. Based on 

principal comments, this topic is an important concern to them, and the coding category was 

created specific to vocabulary use and development rather than keeping only the general 

Communications process standard. For that matter, the Communications code was dissolved into 

the more specific categories of “students defending/justifying” (SDJ), “vocabulary usage and 

development” (VOC), and “students explaining their thinking” (EXP). 

A Framework for Considering Principal Comments 

I was looking for what principals noticed in classroom instruction. While examining the data 

after I entered it into Excel to look for patterns, I noticed that some codes appeared to be used 

frequently with one video and not the other video. The most extreme example was MMPS 

(multiple methods for problem solving). The MMPS code was applied more frequently than any 
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other code. However, 95% of the time MMPS was applied for Video Two. Video Three only 

received this code a total of four times, and all of these were found after the “suggestions to the 

teacher” prompt. This is in contrast with other codes such as SE* (student engagement) or GW* 

(group work) which were applied with a nearly 1:1 ratio between Video Two and Video Three. 

These results suggest that principals’ appreciative systems are tuned to notice some aspects 

of instruction regardless of what they see and other aspects of instruction depending upon what 

they encounter during instruction. In other words, some types of comments were dependent upon 

principals seeing a certain activity during instruction. Other types of comments were invariant in 

the sense that they were found in the data regardless of which video the principals saw. 

Figure 13 displays all of the codes plotted along two different axes. (The codes NA (no code 

applicable) and NOTH (nothing written) were excluded from this graph). The vertical placement 

of the code indicates how frequently a code was applied to principal comments, with the more 

frequently applied codes placed higher along that axis. The horizontal placement of the code was 

determined by the ratio of the number of times the code appeared between the two videos. I will 

call this the “dependency” axis. 

Along the dependency axis, the middle of the axis (indicated by a vertical dashed line) 

generally corresponds to a ratio of four or five to one. These codes include EXP (students 

explaining their thinking), SUND (student understanding), RWE (real-world examples), SPP 

(students doing practice problems), TTT (too much teacher talk), and SCI (student-centered 

instruction). The codes listed on the leftmost column appeared in a ratio of approximately one to 

one. In other words, they appeared equally often between Video Two and Video Three.  

Along the frequency axis, the placement of the codes correspond to how many times the code 

appeared overall. The codes in the middle of the frequency axis (indicated by a dashed horizontal 

line) were mentioned, on average, by 20-25% of the principals. Student engagement, group 

work, and multiple methods of solving the problem were the codes listed highest along this 

dimension (SE*, GW*, and MMPS). They were mentioned, on average, one time per principal. 

The least frequently applied codes, CIP (community of instructional practice), LT (learner 

types), and SDJ (students defending and justifying their answers), were each mentioned only five 

times across the 73 principals’ responses. 
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Figure 13. Categorization of codes by consistency and frequency. 

 

 

The dashed lines in Figure 13 serve to separate the co-continuum into four quadrants 

corresponding to the four categories. Using this classification scheme, the principal remarks may 

be separated into four categories, represented by the four regions of Figure 13. These categories 

may be called Frequent and Invariant, Frequent and Dependent, Infrequent and Dependent, and 

Infrequent and Invariant. The next sections will discuss selected codes in these four sections in 

more detail. 
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Central Features in the Professional Vision of Principals 

There are certain features that this group of principals noticed frequently and consistently 

without regard to the specific instance of instruction that they observe. These features are 

identified by the codes found in the upper-left quadrant of Figure 13. 

Student engagement. The second most frequently encountered comments were those related 

to student engagement. I coded them separately for when the principal indicated high levels of 

student engagement, mixed levels of student engagement, or low levels of student engagement. 

The codes used were SEH, SEM, and SEL, respectively.  

Initially, I coded student engagement only when I saw the word “engagement.” My check-

coding colleague insisted that principals used the terms “student engagement” and “student 

involvement” synonymously. She is an experienced elementary school principal, and I am not, so 

I deferred to her judgment. Thus, we coded comments referring to student engagement or 

involvement as SEH, SEM, or SEL, depending on the participant’s judgment of whether the 

perceived level of student involvement (or engagement) in the classroom was high, mixed, or 

low. 

I coded the mention of student engagement into three distinct levels because I have 

frequently noticed major discrepancies in judgment regarding student engagement while 

listening to principals discuss videos in their small groups. When I eavesdrop on groups of 

principals discussing videos of classroom instruction, I inevitably hear one group noting that 

students were highly engaged while another group notes the critically low levels of student 

engagement (in discussions of the very same video). Table 25 (see Chapter Five) displays the 

level of internal consistency between principals who described the level of student engagement 

in the two different videos. 

Group work and manipulatives. In Video Three, the students are seated individually in rows. 

This drew scathing remarks from many principals. There appears to be a universal belief among 

these 73 elementary school principals that working in groups (and using manipulatives) will aid 

student learning in mathematics. I encountered no evidence to the contrary in these data. 

Responding to prompt three, which asked principals what suggestions they would make to 

the teacher if this were a teacher in their school, principals wrote that group work was needed 

(GWN) 18 times for Video Two and 31 times for Video Three. Combining these with the 

instances where principals made these suggestions to the other two prompts (asking for their 
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overall impression and for their thoughts on what was the most interesting thing in the video), 

principals wrote recommendations to use group work (GWN) a total of 68 times. This is in spite 

of the fact that the students in Video Two are asked to discuss their ideas with their peers, and 

the teacher refers to comments she heard them making to one another. Only seven of the 73 

principals recognized this, while 18 others included suggestions to incorporate group work in 

their hypothetical set of suggestions to this teacher. On average, there is almost one reference to 

the need for group work for every participant in the study. 

The students in Videos Two and Three do not have blocks, tiles, or any other manipulatives 

on their desks. While no principal gave specific reasons for how manipulatives would be used or 

exactly how they would increase student understanding, many of them offered the suggestion for 

the teacher to incorporate the use of manipulatives in both lessons, resulting in a code of MNP. 

The principals suggested that students should use manipulatives 18 times for Video Two and 13 

times for Video Three. The same lack of specificity to the mathematical concepts occurred 

regarding the recommendations for group work (GWN). There were several semi-specific 

suggestions (i.e., shoulder partners and cooperative learning), but the suggestions were still not 

specific to the situation in the classroom or the mathematical concept that the teacher was trying 

to teach. 

Student exploration. Principals referred to Video Two as student-centered instruction (SCI) a 

total of 10 times, but the more frequently used language to describe this approach to instruction 

was “student exploration,” “inquiry,” or “discovery learning” (SEDL). Participants mentioned 

either student exploration or discovery learning (SEDL) a total of 29 times. One third of these 

times were in response to the suggestions to the teacher for Video Three, indicating that the 

principals would like to see the teacher move away from teacher-directed, traditional instruction 

into something that would involve more student-centered exploration of the topics. Curiously, 

some principals used words to indicate that they observed student exploration or discovery 

learning in Video Three. This occurred seven times. I believe this occurred because the teacher 

asked the students to provide their own examples of the definitions that she had given them (e.g., 

examples of variable expressions). This suggests that not all principals interpret the instances of 

students providing examples for definitions that the teacher provided in the same way. Some 

perceive it as student exploration (SEDL), while most perceive it as teacher-directed (TDI). 
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Safe environment. Principals remarked upon the level of safety, trust, respect, or humor 

(TRST) a total of 26 times. Participants also remarked often that the students in Video Three 

were well behaved, the teacher used humor, and the students were involved and asked questions 

frequently. Collectively, these topics arose from comments written for both videos and were 

found in responses coming from all three prompts. Related comments were all coded with TRST. 

The notion of classroom safety, both physical and emotional, is clearly important to principals.  

Vocabulary. Participants remarked often upon the vocabulary and grammar. Instances of 

remarks specifically mentioning vocabulary usage and development, both mathematics-specific 

as well as non mathematics-specific, were coded with VOC. There were 29 occurrences of the 

code VOC applied, which means that over one third of the participants, on average, remarked 

upon vocabulary usage and development. The large majority (70%) of these occurred for Video 

Three, where the vocabulary terms were being presented with written definitions and subsequent 

examples that fit the vocabulary word.  

Vocabulary terms are taught very differently in Video Two, where vocabulary words are 

formally presented only after students have already encountered several examples of the concept. 

In the comments related to this second approach, the principals did not remark upon the 

vocabulary use or development as often. Without following up with principals to ask them for 

more detail about these comments, I don’t believe that I can draw inferences to explain why 

principals were more likely to refer to vocabulary usage and development (VOC) after observing 

Video Three. It is clear, nonetheless, that principals are looking for the proper and varied use of 

vocabulary by both teachers and students. 

Checking for student understanding. In both videos, principals often remarked upon student 

understanding (or lack thereof), and whether the teacher was “checking for [student] 

understanding.” These instances were coded with the three-letter identifier CFU. It is clear that 

there is a strong belief amongst principals that teachers should be checking for student 

understanding and using the level of understanding to guide instruction. Along with setting a 

learning goal, this is the core activity in formative assessment, but the words “formative 

assessment” were not written a single time in any remarks. They used the words “check for 

understanding” almost exclusively.  

With 31 instances of CFU (check for understanding) being applied, it is evident that 

principals expect teachers to monitor student understanding throughout their lessons. There was 



 108

ample evidence in Video Three that students did not understand what the teacher wanted them to 

learn, and there was little or no evidence in Video Two. In spite of this, the 31 instances of CFU 

were split almost evenly between the two videos, with slightly more of them applied in remarks 

from Video Three.  

The code for teacher questions (TQ) was also applied evenly between the two videos, and it 

was applied by roughly one-third of principals, indicating that teachers’ questioning skills are 

important to the community of principals. 

Features that Principals Notice in Some Lessons 

There were some interesting topics that principals frequently found worthy of note but for 

only one of the two videos. This phenomenon suggests that principals do not necessarily place 

these topics as their top priority or go into a classroom with the express purpose of looking for 

these things. They may not be expecting to see them in all instances of instruction. Nonetheless, 

the frequency of these remarks suggests that principals consistently find these things worthy of 

note when they do see them. It also indicates that they notice them at all, which may be even 

more important from the perspective of appreciate systems or professional vision. 

For example, the two most frequent codes in this category are multiple methods of solving 

problems (MMSP) and students explaining their thinking (EXP). These two processes are central 

tenets in the current suggestions for reform-oriented instruction (Kilpatrick, Swafford, & Findell, 

2001; National Council of Teachers of Mathematics, 2000, 2006), and they are infrequently 

encountered in typical (or traditional) mathematics instruction (Hiebert et al., 2003; Jacobs et al., 

2006). The principals commented on these two topics when they encountered them (in Video 

Two). On the other hand, the principals did not comment on these topics (i.e., they did not 

suggest that they wanted to see students explaining their thinking or multiple methods of solving 

problems) when they did not encounter them in Video Three. This is in contrast with remarks 

about students working in groups (GW*), for example, which were mentioned by principals 

frequently regardless of whether the principals encountered it in their observation of instruction.  

Students explaining their thinking. The code for students explaining their thinking (EXP) was 

applied 77 times and was the second most frequently assigned code. Although I encountered this 

remark frequently, I do not consider this as evidence that principals are always looking for this in 

classrooms. Rather, I believe that the specific content of Video Two increased the remarks about 

students explaining their thinking, because 82% of the instances of that code occurred in the 
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written data for Video Two. I do, however, think that this suffices as evidence that principals 

recognize students explaining their thinking and find it worthy of mention. Further, this code was 

often paired with OP (overall positive), indicating that principals had an overall positive 

impression or evaluation of the lesson when they observed students explaining their thinking. 

It is important that the EXP code (students explaining their thinking) was applied 14 times in 

remarks related to the video where the students were not explaining their thinking, but rather 

they were providing answers to specific questions that the teacher asked. The principals did 

suggest that they wanted to see students explaining their thinking in their responses to Video 

Three, but they did not make these remarks as frequently as they did for Video Two. It should be 

noted that the principals watched Video Two prior to watching Video Three, so it is possible that 

the extensive examples of students explaining their thinking in Video Two somehow primed the 

principals to look for it in Video Three. It would be interesting to know whether they would 

make these remarks at all if the order of the screening of the videos were switched. 

Multiple methods for solving problems. The most frequently assigned code was related to 

students using multiple methods to solve the problem (MMSP). MMSP was applied 80 times. 

This absolute value may give a false impression, however, because 95% of these codes occurred 

for Video Two, which certainly involved students sharing their different methods of thinking 

about a fairly simple problem. While I don’t think this result suggests that principals are looking 

for multiple methods for solving every mathematics problem, I do think the result can be 

interpreted to mean that principals know it when they see it and, perhaps more importantly, find 

it worthy of noting when they see it. 

 The instances of principals remarking upon students explaining their thinking follow another 

interesting pattern. Participants remarked upon students sharing multiple methods of solving 

problems (MMPS) and students explaining their thinking (EXP) a total of 80 and 77 times, 

respectively. But, these remarks did not occur equally across both videos. For Video Two, 

MMPS and EXP occurred a total of 76 and 63 times, respectively. For Video Three, MMPS and 

EXP occurred a total of 4 and 14 times, respectively. In most cases, the two codes were assigned 

in pairs whenever principals remarked that the students in Video Two were explaining their 

thinking and their methods of solving the problem. This suggests that principals recognize these 

cornerstones of reform-oriented instruction in mathematics (i.e., students explaining their 

thinking and sharing multiple methods for solving problems) as important and remarkable when 
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they encounter them, but they do not necessarily look for these instances or remark upon it in all 

cases. This is in direct contrast to some other aspects that they do look for regardless of the 

lesson they are observing (i.e., student engagement, group work, etc.).  

The principals find multiple methods for solving problems (MMSP) and student explanations 

of their thinking (EXP) as notable and worthy of remark, but their decision to look for this 

specifically or to include a mention of this topic is not invariant across different lessons. These 

things were not frequently encountered in Video Three, and principals did not suggest that the 

teacher should be doing these things. Rather, they tended to suggest that students should do more 

practice problems (resulting in a code of SPP) based on their impression that students did not 

understand what the teacher in Video Three was trying to teach them. 

Boring, teacher-directed instruction. The code for “traditional” or “teacher-directed” 

instruction (TDI) was applied 29 times and only for Video Three. Video Three is clearly an 

example of the traditional U.S. model for mathematics instruction, with the teacher dispensing 

definitions and providing examples of the new vocabulary or process followed by the teacher 

asking students to provide examples and students working on practice problems of the same 

type.  

Participants did not use the words “teacher-led” or “traditional” to describe Video Two at all. 

The participants often described Video Two as student-centered, teacher as facilitator, or 

building on student ideas (resulting in a code of SCI).Video Two is not a direct-instruction 

model, nor is it traditional, so this provides evidence to suggest that principals are consistent in 

their interpretation of traditional or direct instruction when they see it, and they do not appear to 

label other models of instruction as traditional or direct instruction. 

IBB, the code for the participant writing that the instruction was “boring,” occurred 37 times, 

31 of which were responses for Video Three. This means that half of the principals made 

remarks to the effect of one of the lessons were boring. Principals were more likely to remark 

that a lesson was “boring” than they were to remark that it was interesting (IBI), and they were 

quick to describe the video of more traditional instruction in this way. Several participants 

expressed empathy and regret for the students in the class in Video Three, the more traditionally-

oriented instruction. In fact, several of the principals commented that it reminded them of painful 

experiences they had endured as students in mathematics classes. 
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 Pace of instruction. The principals often remarked upon the pace of the lesson in Video 

Three (PAC*). They remarked upon the pace of the lesson far less frequently for Video Two. 

While the word “pace” was used often, the existence of that word was not considered necessary 

for the code to be applied. Conversation with my check-coding colleague, a veteran elementary 

school principal, convinced me that principals equated the notion of pace with either a good use 

of time or a poor use of time. So, principal comments to the effect that they thought the teacher 

made good use of the time were coded as PACG. 

There is ample evidence in Video Three that the students do not understand the concept of 

variable expressions or how to construct variable expressions for given scenarios. Yet, the PACS 

(the pace was slow) and PACG (the pace was good) codes were applied a total of 24 and 10 

times, respectively. Eighty percent of the PACS codes were applied to Video Three, suggesting 

that most principals thought that the pace of Video Three was too slow. This is in spite of the fact 

that the students did not understand the concept that the teacher was trying to teach them.  

Regarding PACG, the code that indicates that the pace of the lesson was appropriate, half of 

the applications of this code occurred for each video. This suggests that the notion of the pace of 

the lesson is something that is noted frequently by principals, but the lack of consistency of 

interpretation (i.e., the low reliability of the evaluation of whether the pace of a lesson is 

appropriate) may be problematic. 

Real-world examples. It is evident that the participants place high value on “real-world 

examples.” There is certainly a wide range of interpretation of the notion of real world examples, 

but it appears that there is unanimous agreement that real world examples are good for student 

learning. Several principals wrote very negative remarks about Video Three only to then say that 

the lesson was “good” due to the use of real world examples. These comments were coded with 

RWE. 

Mathematics content-specific comments. Principals rarely made any reference to the specific 

mathematics content focus of the lessons. I looked for principal comments regarding the concept 

of variable (which is the central mathematical idea in both lessons), and so any reference to 

variable was coded with VAR. The code VAR was applied 26 times, indicating that roughly one-

third of the principals used the word variable or made a reference to the central mathematical 

idea in the lesson. Ironically, 92% of the instances of VAR occurred for remarks following 



 112

Video Three. This is in spite of the unique and innovative approach to teaching about variables 

and variable expressions taken by the teacher in Video Two. 

Infrequently Recurring Themes Independent of Context 

Several codes that I presumed, based on observation of verbal conversations between and 

among principals, would be ubiquitous were, in fact, used infrequently. These were Wait Time 

(WT) and Learning Goal (LG), which were only encountered 9 and 12 times, respectively. I do 

not know why they did not make it to the written remarks more often, because the principals 

remark upon these two things very frequently in verbal group discussion.  

Principals also remark upon “rigor” and “relevance” quite often in verbal discussion, but 

these words also did not make it to the written comments at all. It is possible that these topics are 

popular and acceptable topics for principals to discuss among other principals, but perhaps the 

principals do not internalize them or look for them in the act of observing instruction as much as 

their peer discussions might suggest. The following sections present results of what the 

principals did acknowledge, albeit infrequently. 

Cognitive complexity. The Florida Comprehensive Assessment Test (FCAT), the annual state 

assessment used in Florida, had utilized a cognitive complexity rating system based on Webb’s 

Depth of Knowledge classification scheme for approximately a decade at the time that the data 

were collected for this study. The recently revised and adopted standards embedded Webb’s 

classification scheme within them. Principals did not often refer to cognitive complexity or 

Depth of Knowledge in those terms, but they did refer to higher-order thinking and critical 

thinking. Because the standards are rated for Depth of Knowledge, I decided not to use the words 

encountered in the data. Rather, I used the three letter code of DOK to indicate that I encountered 

the notion of cognitive complexity or, in the words of the principals, higher-order or critical 

thinking, in the written data.  

I encountered principal references to critical thinking or higher-order thinking (DOK) 20 

times. These instances were encountered evenly across both videos. I believe this topic will be 

encountered with roughly the same frequency regardless of the level of cognitive complexity 

encountered in any given instruction. It is interesting that the state curriculum and assessment 

framework uses a specific cognitive complexity classification scheme, but the principals only 

refer to critical thinking or higher-order thinking. This suggests that the principals are only aware 

of the curriculum standards and assessment at a cursory level. If that is not the case, then it 
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suggests that they are not considering the role of instruction as it relates to the cognitive 

complexity scheme chosen by the state. 

Teacher movement. Teacher movement around the classroom (TMOV) was noted fifteen 

times and evenly between the two videos. This code may be incorrectly placed into the 

infrequent and invariant quadrant. In both videos, the video clips do not show the teacher moving 

about the room. Rather, they are both standing in one place and conducting the discussion from 

that place. I would not expect principals to mention teacher movement if they were to see a 

teacher moving around the room, and so this may, in fact, be a topic that should be located in the 

infrequent and dependent quadrant. 

Prior knowledge and reflection. Principals referred to students’ prior knowledge (RPK) of 

the students 14 times. These comments were fairly general, and indicate a belief that it is 

important for teachers to remind students of prior lessons or previously learned material. To a 

lesser extent, principals wondered about how the students’ current knowledge related to 

mathematical ideas they had previously encountered.  

The principals’ beliefs and motivations to look for this phenomenon may be over-stated by 

the 14 instances of this code being applied. The number may be inflated due to several of the 

principals wishing for themselves to know more about students’ prior knowledge. This may be a 

symptom of the way in which this data was collected (i.e., with videos from anonymous 

classrooms), and it may not be a central topic in principal professional vision. Nonetheless, it 

was encountered frequently enough to create a code for it. 

Participants referred to student reflection or meta-cognition (REF) 11 times. Most of these 

references were somehow related to writing in student journals. These remarks were markedly 

different from the comments that were directly related to note-taking strategies (NTS), which 

were encountered 22 times and always for Video Three, where students were instructed to take 

notes on the material presented on the overhead projector. 

Rare but Non-Negligible Noticings 

The students in Video Two are seated in groups of two, three, or four. The students in Video 

Three are seated in rows and columns. The seating arrangement of the classroom in Video Two 

was mentioned only one time by principals (and was coded as SEAT), but the seating 

arrangement of the classroom in Video Three was mentioned 12 times. In every case, the 

principals did not want to see students seated in rows. This is clearly a consistently held belief 



 114

amongst elementary school principals, but the remarks occurred primarily when they saw the 

scenario that they did not prefer (i.e., students seated individually in rows).  

The seating arrangement comments could have been included in the group work comments 

(GW*), but they were markedly different from the recommendations for students to discuss with 

their peers while solving problems. These instances were remarks that were focused only on how 

students were seated and not on their behaviors or what they were asked to do. In attempt to keep 

the codes a low-inference as I could manage, I coded these as separate instances from GW* 

instances. Were SEAT and GW* be combined, GW* would continue to be in the same frequent 

and invariant category, and it would have become the most frequently applied code. 

Previous researchers identified principals in case studies who frowned upon the teacher doing 

too much of the talking (Nelson & Sassi, 2005). Similar comments were encountered in these 

data. There were 13 instances of the code for too much teacher talk (TTT) applied to the data, 

and 85% of these were applied to remarks from Video Three. Roughly one-sixth of the principals 

in this study made remarks consistent with the notion that the teacher should create an 

environment where the students talk more and the teacher talks less. The principals did not 

provide any specific strategies for the teacher to use in order to talk less. Further, there was not a 

specific metric for determining how much teacher talk existed or how much there should have 

been. 

Conclusions 

In the qualitative aspect of this study, I was looking for what principals commonly look for in 

instruction as well as what they commonly notice. To the extent that principals have words to 

describe what they notice, the final list of codes provides a starting outline for a catalog of the 

topics in the collective professional vision of elementary school principals as it relates to 

mathematics instruction. 

There is no doubt that school principals, as a collective set, are highly qualified, professional 

educators. I have observed, through viewing video of classroom instruction with mathematics 

education researchers, classroom teachers, and school principals, that each of these groups of 

educators has developed a fairly consistent professional vision within their respective 

communities. It is certain that all three groups may learn from one another. It is also certain that 

any one of these three groups of educators does not notice all of the critical aspects for increasing 

student knowledge, attitudes, beliefs, and performance in mathematics education. I believe there 
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is a relatively untapped potential for mathematics education researchers and teacher preparation 

programs to learn from the practical judgment, professional vision, and experiences of school 

principals. 

Professional Vision of Elementary Principals 

Overall, it is clear that the community of principals place a high priority on the use of 

manipulatives (MNP) in mathematics class, grouping students to work together to learn 

mathematics (GW*), and the notion of student engagement (SE*). These three topics appear to 

be at the center of focus in the collective professional vision of school principals as it relates to 

mathematics instruction. 

Classroom Communication 

Collectively, the frequency and consistency of the comments that elicited codes for Teacher 

Questions (TQ), Vocabulary Use (VOC), Too Much Teacher Talk (TTT), Students Explaining 

their Thinking (EXP), Students Writing Formulas (SWF), and more, indicate that principals are 

clearly interested in classroom discourse and communication. The development of 

communication in the classroom, whether it be verbal, written, pictorial, or otherwise, is very 

important for the development of mathematical ideas. In mathematics, this is perhaps most 

evident by the prominent role that Communication plays as one of the five Process Standards 

identified by the NCTM (National Council of Teachers of Mathematics, 1991, 2000). Principals 

may benefit from and appreciate professional development related to ways teachers may conduct 

rich classroom discourse and encourage improved student and teacher communications skills in 

mathematics. 

The high frequency of the codes for multiple methods of solving problems (MMSP) and 

students explaining their thinking (EXP) and the bias of principals toward commenting on these 

matters only when they encounter them suggests that these principals have the ability to notice 

these central tenets in reform-oriented mathematics instruction. These results also suggest that 

principals find these particular aspects of classroom instruction to be noteworthy, but they do not 

look for them consistently when they are conducting classroom observations. Furthermore, the 

general evaluative remarks made by principals indicate that the instances of students explaining 

their thinking and using multiple methods to solve problems were viewed in a favorable light by 

principals. 
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Student Understanding 

The principals in this study clearly place a high value in the act of checking for student 

understanding (CFU) throughout a lesson. Nelson and Sassi (2000) identified this as a common 

belief among principals in the study they conducted ten years prior, and they suggested that this 

notion was part of the process-product philosophy whereby principals had received their training 

in how to supervise teachers. They claimed that the principals in their study believed that 

knowledge in mathematics is dichotomous: either a student knows a mathematics idea, or they 

don’t. It is not clear whether the principals in this study share the belief that knowledge in 

mathematics is dichotomous. This may be a worthwhile topic to address in future studies and in 

professional development for principals. 

Mathematical Ideas 

It is evident that the central mathematical ideas of a lesson are not in the central focus of the 

professional vision of school principals. This is a curious result, and it matches prior research in 

this area (Nelson & Sassi, 2000, 2005). It should concern policymakers and the mathematics 

education community that principals in this study made remarks about variables (VAR) after 

watching the traditional lesson, but they failed to remark upon the idea of variable in the reform-

oriented lesson. This suggests that principals may not be noticing the central mathematical ideas 

when it is not made explicit by the teacher. This may also explain why principals are typically 

adamant about the teacher posting the learning goal (LG) for all students to see prior to the 

lesson. 

The combined findings in this study (the lack of a quantitative relation between mathematics 

knowledge and observation expertise) are puzzling. Future research in this area is necessary. It 

would be interesting to conduct a large-scale, longitudinal study comparing classroom instruction 

with principal observations to see if principal focus on mathematical ideas have an impact on 

mathematics instruction and student achievement. 

Based upon my experience discussing videos with groups of principals, many of the topics in 

the infrequent and invariant quadrant appear frequently in collegial discussion amongst 

principals. It would be interesting to know more about why the principals believe teacher 

movement around the room (TMOV), wait time (WT), general and specific praise (GSPS), and 

the act of the teacher posting the learning goal for students to read (LG) would predict student 

achievement or be correlated with other indicators of overall quality of instruction. Principal 
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interest in posting the learning goal may very well be explained by the findings in this study 

related to the lack of principal attention to the central mathematical idea. Or, it may be explained 

by principal training and habits formed from using the observation protocol in the state’s 

continuous improvement model, which trains observers to look for the learning goal in every 

lesson and ask students whether they can state the learning goal. 

Suggestions to Teachers 

In this study, I specifically asked principals to make suggestions to teachers after watching a 

video of classroom instruction. My findings suggest that the most frequent suggestion for 

instructional improvement that principals make is for teachers to use group work (GWN) and 

manipulatives (MNP) in instruction. Yet, these suggestions rarely included any more specific 

instructions or explanations. In other words, the principals did not suggest cooperative learning 

strategies such as positive interdependence, individual accountability, and so forth (Johnson, 

Johnson, & Holubec, 1994). Furthermore, they failed to notice that whole-group processing 

occurred as a part of a classroom learning community. Likewise, principals frequently 

recommended teachers to use manipulatives, but they did not suggest any specific manipulatives 

or indicate how the manipulatives might serve to illuminate mathematical concepts or organize 

student thinking and exploration of concepts.  

Other typical suggestions for improvement encountered in the principal comments were for 

the teachers to collaborate with other teachers in their school (CIP) through lesson study, 

coaching, or simple observation of each others’ teaching. These suggestions for teacher 

collaboration were very low in detail, but they suggest that principals believe that teacher 

collaboration will improve teacher content knowledge as well as instructional practice. Taken 

together, the frequent pairing of TCK (concerns about teacher content knowledge) and CIP 

results suggest that the principals view the teacher-directed approach in Video Three as an 

indicator of low teacher content knowledge. At least some principals evidently think that a way 

to address the low-quality teaching or low teacher content knowledge is for the teacher to work 

with another teacher or simply observe another teacher teaching. 

Supervision of Teachers 

In reflecting over my results, it occurred to me that not a single principal made a comment 

saying that they would ask the teacher why she did certain things. This could be due to the fact 

that the prompt I provided asked what suggestions they would make (and not what questions 
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they would ask). Nonetheless, I think this absence is noteworthy. It is particularly noteworthy 

with respect to the abundance of principal suggestions to use manipulatives.  

In Video Two, the teacher is moving students toward visualization and abstraction of the 

concept of a variable. The problem itself is not particularly challenging for the typical seventh 

grader. There is a picture of the object of discussion that is displayed prominently throughout the 

entire video, and the teacher is writing the symbolic expressions for what the students are 

describing verbally. There are at least three representations of the concept occurring (pictorial, 

verbal, and written symbols), but the principals consistently suggested that the students use 

manipulatives. The teacher in the video has a valid reason for not having students manipulate the 

object physically; she wanted them to have to manipulate it in their mind so that they might see 

value in using a variable to shorten or condense their thoughts. In this case, the teacher has a 

valid reason for avoiding the use of manipulatives, but the principals often suggested to 

incorporate them into the lesson. 

I don’t want to make more of this observation than it is, but from a teacher supervision point 

of view, I think it is important for principals to respect the teachers by first asking teachers for 

the reasons why they did certain things the way they did before the principals suggests different 

things for them to do. Of course, I take responsibility for setting up this response, and I don’t 

think I should point fingers at principals. They were following the prompt that I left for them, 

and I am grateful for that. Yet, I am now curious what would happen if I simply asked principals 

what questions they would ask of the teacher or, alternately, asked them what questions or 

suggestions they would have for the teacher and observed the relative frequency of either 

questions or suggestions. 
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CHAPTER 7 

DISCUSSION AND CONCLUSIONS 

 

This dissertation study represents an empirical test of part of the theory of leadership content 

knowledge (Stein & Nelson, 2003) relating classroom observation and content knowledge in 

mathematics. This test was performed using a novel method designed to explore this idea 

quantitatively with a sample of 78 elementary school principals. Additionally, in attempt to 

explore the practical judgment (Wiggins, 1978), appreciative systems (Vickers, 1965), and 

professional vision (Goodwin, 1994) of principals related to mathematics instruction, I analyzed 

73 of these principals’ written comments after they observed two videos of mathematics 

instruction. Through this qualitative data collection and analysis, I attempted to identify those 

aspects of classroom mathematics instruction that elementary school principals typically notice 

when they observe mathematics instruction.  

This work is preceded by smaller-scale naturalistic inquiries using the method of extreme 

case sampling (Patton, 1990) to study the practical judgment and appreciative systems of school 

principals as it relates to teacher supervision (Nelson & Sassi, 2000). Those prior case studies 

exploring principal perceptions of Standards-based mathematics instruction occurred in the mid-

1990s (Nelson & Sassi, 1998, 2000). This dissertation study provides a more recent snapshot of 

principal perceptions of mathematics instruction in order to update prior findings. In addition, 

this study collected data from a large sample of principals (n=78) in an attempt to begin to 

generalize any relevant findings beyond what the prior case studies could do.  

In this concluding chapter, I discuss the major findings in this study as they relate to 

elementary principal observation and interpretation of classroom instruction in mathematics. In 

this chapter, I discuss the key findings from this study, limitations of the study, and potential 

implications. The key findings will, to some extent, be discussed with regard to prior research 

including very recently published results by other researchers who attempted to measure teacher 

skill in observing videos of mathematics instruction. 

Key Findings 

The results of this current study suggest that principals primarily notice general pedagogical 

aspects of classroom instruction. That is, they are generally not noticing mathematics-specific 

topics aside from the general notion that manipulatives may aid student learning in mathematics. 
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One important result is that principals do recognize and find it worth noting when students 

explain their thinking as it relates to multiple methods for approaching a mathematical task.  

Contrasting with some prior research and reporting on what principals notice in mathematics 

instruction, I did not encounter evidence that principals remark upon the noise level of the 

classroom, which students were called upon to speak, or general classroom management matters 

such as orderliness of the classroom that have been identified in previous research (Brophy & 

Good, 1986; Darling-Hammond & Sclan, 1992; Reitzug, 1997). I did encounter evidence that 

principals continue to attend primarily to other surface-level, general aspects of instruction such 

as the presence of manipulatives, students seated in groups, etc. that has been documented in 

principal supervision research for several decades. The major findings related to elementary 

principals’ perceptions of mathematics instruction are listed here and subsequently discussed. 

1. This study did not find a correlation between content knowledge in mathematics and 

classroom observation expertise.  

2. Elementary school principals have an overall positive outlook toward reform-oriented 

mathematics instruction and an overall negative outlook toward non reform-oriented 

mathematics instruction. 

3. Contrasting with their attention to teacher and student behaviors, principals rarely 

provide evidence that they are attending to the central mathematical ideas in a lesson.  

4. Common suggestions for instructional improvement are rarely content-specific or 

detailed with regard to content-specific pedagogy. 

5. Principals are primarily looking for student engagement and group work. In spite of 

this, there is little consistency within the community of principals regarding the 

perceived level of student engagement evident in a given lesson. 

6. Principals commonly look for and remark upon the general safety (both physical and 

emotional) of students in the classroom environment. 

After discussing these findings, I will share ideas regarding future directions for research that 

may improve the quality of these results. I end with a discussion of the implications for policy 

and professional development for principals. 

Content Knowledge and Observation Expertise 

Level of elementary school principals’ content knowledge in mathematics does not appear to 

be predictive of their expertise in observation of classroom instruction in mathematics. This 
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result was not expected, and it may give cause to re-think current theories and mathematics 

education researchers’ beliefs that content knowledge is a major explanatory or predictive 

variable in instructional leadership. If instructional leadership in elementary mathematics is 

fundamentally dependent upon content knowledge, future empirical studies will have to be 

conducted in order to measure more precisely the specific situations where level of content 

knowledge discriminates between effective and ineffective supervisors of classroom instruction. 

It remains plausible that either the measurement instrument used in this study was not 

sensitive to this dependency relation or that observation expertise is, in fact, not dependent upon 

a level of mathematics knowledge. The results of this study are not conclusive and do not 

necessarily shut the door on the notion that increased content knowledge in mathematics enables 

a principal to be a more effective instructional leader in mathematics. Nonetheless, the 

relationship is not so strong that it can be easily measured. 

Written data collected from the principal participants indicate a general lack of content-

specific comments. There are some comments and words that are generally related to 

mathematics (e.g., solving problems and using manipulatives), but they do not indicate a depth of 

understanding of mathematics on the part of the principals. Of course, this may simply be the 

result of the design of the study. To explore this matter, it may be worthwhile to conduct a study 

that asked principals to identify the central mathematical ideas in a reform-oriented mathematics 

lesson (where the learning goal was not explicitly stated or seen by the principal). I do not think 

that this is the case, however. 

In spite of the complete absence of topic-specific suggestions for instructional improvement, 

the Mathematics Knowledge for Teaching (MKT) instrument used in this study indicated that 

numerous principals had high levels of knowledge of content and students or pedagogical 

content knowledge. The dissonance between the quantitative measurement of this pedagogical 

content knowledge and the qualitative analysis of participants’ responses suggests some doubt 

regarding the extent to which the Patterns, Functions, and Algebra (PFA) MKT instrument 

actually measures pedagogical content knowledge. There were no principals in this study who 

made detailed suggestions for instructional improvement that would have been rated as a “2” on 

Kersting et al.’s scale (Kersting, Givvin, Sotelo, & Stigler, 2010). In my view, the items on the 

MKT scale, and particularly the PFA scale, is assesses only content knowledge in the context of 

a teacher examining student comments and solutions. This is not equivalent to the notion of a 
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specialized knowledge of mathematics and how students learn mathematics. The findings in my 

study suggest that an instrument that is more focused on the pedagogical content knowledge 

construct may be needed in order to accurately and robustly measure a teacher or principal’s 

pedagogical content knowledge. 

During the pilot study, I held a screening of Video Two with over 100 members of the 

Florida Association of Mathematics Supervisors. Their response was overwhelmingly consistent 

(and positive), and the most common remark among that group of mathematics supervisors was 

the interesting way that the teacher approached the concept of variable. Based on these 

observations, I believe that the mathematics supervisors have a different appreciative system and 

collective professional vision from elementary principals, and I believe that many of the findings 

in this study are typical of principals and their professional vision regarding mathematics 

instruction. 

Principal Outlook Toward Reform-Oriented Instruction 

With few exceptions, the evidence in this study suggests that elementary school principals 

have an overall positive outlook toward reform-oriented mathematics instruction and an overall 

negative outlook toward non reform-oriented mathematics instruction. To my knowledge, this 

result has not been reported elsewhere, and it may serve to debunk misconceptions about 

principal general beliefs regarding mathematics instruction.  

Regarding the elements of reform-oriented instruction and the results of this study, there is a 

deeper implication when the dependency of principal comments is considered. Some elements 

common to reform-oriented instruction, such as the presence of manipulatives or group work, 

were mentioned by principals independently of the specific instruction viewed. Other elements, 

such as the presence of students sharing multiple methods of solving problems, students 

defending and justifying their answers, and the central mathematical idea of the lesson, were 

only mentioned when the principals observed them happening. I think the principals have the 

ability to notice these instances, and, in terms of the theoretical framework undergirding this 

study, their appreciative systems find them noteworthy, but it appears that the principals are not 

in the habit of looking for these elements of reform-oriented instruction explicitly in every 

mathematics lesson. 

I believe that it is important to create observation protocols for principals that include 

specific reference to the elements of reform-oriented instruction in mathematics that both reflect 
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the discipline of mathematics and are most important for student learning. These should be 

things that happen in every or nearly every instance of mathematics instruction. For example, 

principals should be prompted not just to record whether the learning goal was posted for 

students to see. Rather, the principals should be prompted to determine whether the learning goal 

matches the mathematical idea being considered by students. Further, the principals should be 

prompted to determine whether students are working at the appropriate level of congnitive 

complexity for the intended learning goal. For instance, if the learning goal relates to students 

being engaged in a problem-solving task, then the principal needs to determine whether the 

teacher is telling them what to do step-by-step or the students are using their own problem 

solving skills and monitoring their own progress and toward solving problems. 

Principals have already demonstrated that they prefer reform-oriented instruction. I believe 

this is due to their professional opinion as educators that reform-oriented instruction is more 

effective. It is important to now structure observation protocols and professional development so 

that principals will be in the habit of looking for these critical elements and can better 

discriminate between surface-level features of reform-oriented instruction. 

Principal Attendance to the Central Mathematical Ideas in a Lesson 

Contrasting with their attention to teacher and student behaviors as well as general 

pedagogical strategies, the principals in this study rarely provided evidence that they are 

attending to the central mathematical ideas in a lesson. The large majority that did comment on 

the notion of variables did so after watching Video Three, where the teacher was direct and 

explicit about the fact that the lesson was centered on the notion of a variable and a variable 

expression. Video Two centered on the same idea, but it was not made as explicit. I believe this 

explains why the principals were far more likely to comment on the central mathematical idea in 

Video Three than they were for Video Two. 

The mathematics presented in Video Three was explicit and direct (through the introduction 

of new vocabulary words followed by formal definitions and examples provided by the teacher 

and, in turn, examples solicited from the students by the teacher). It is possible that principals do 

not successfully identify the central mathematical ideas in a lesson when it is not made entirely 

explicit or presented in the form of definitions, specific examples, etc. This may indicate that 

principals may require professional development in mathematics in order to identify the central 

mathematical ideas in a reform-oriented lesson, where the central ideas are typically stated less 
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explicitly. This also suggests that attempts to measure the relation between content knowledge 

and observation expertise may exploit the situations where the central mathematical ideas are not 

explicit or the stated learning goal does not match the mathematical activity of students. 

Mathematics education researchers have proposed that effective principals and other school 

administrators must attend to the central mathematical ideas, the nature of student’s ideas about 

the content, and the purpose of specific pedagogical strategies when they observe mathematics 

instruction (Nelson & Sassi, 2000; Shulman, 1986). This would mean that principals must pay 

attention not simply to the presence of manipulatives, group work, etc., but to how these 

activities are used to support the development of mathematical thinking. 

Ability to notice the central mathematical ideas (when they are not made explicit by the 

teacher) and the manner in which manipulatives, for example, support the development of 

mathematical ideas may potentially target an area that could discriminate between principals 

with higher knowledge of content and student thinking in mathematics. Very recent research has 

shown videos of classroom instruction to practicing and prospective teachers and asked them to 

comment on what they saw. Kersting et al. (Kersting, 2009; Kersting, Givvin, Sotelo, & Stigler, 

2010) found that teacher comments about the central mathematical idea in a lesson were highly 

correlated with teacher content knowledge in mathematics. Teachers who made spontaneous 

(i.e., unprompted) comments about the central mathematical idea had higher mathematical 

knowledge of content and students as estimated by the MKT. 

Suggestions for Instructional Improvement 

The remarks that are consistently made across different types of mathematics instruction 

primarily relate to student and teacher behaviors as well as the structural dynamics of the 

classroom. Regarding student behavior, principals are looking for student engagement, group 

work, and the use of manipulatives. Regarding teacher behavior, principals are also looking for 

teachers to use proper vocabulary and grammar as well as for teacher to be using good 

questioning strategies and checking for student understanding. They are also often considering 

the nature of the relationships between teacher and students, and they are appreciative when they 

see teachers using humor and students appearing to feel safe to ask questions. When they sense 

that the teacher is not respecting students or being patient with all of the students, they are quick 

to take note. 
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Common suggestions for instructional improvement are typically not content-specific, but 

they are also not very specific with regard to pedagogy. For example, the most common 

suggestion for instructional improvement was to provide opportunities for students to work in 

groups. Aside from the occasional suggestion for strategies such as “Think-pair-share” or using 

“shoulder partners,” there were not any more specific suggestions, and there was no reference to 

concepts such as positive interdependence and individual accountability (Johnson, Johnson, & 

Holubec, 1994).  

The second most common suggestion was to provide manipulatives for the students to use. 

The abundance of principal suggestions to use manipulatives for Video Two is particularly 

poignant. In Video Two, the teacher is attempting to move her seventh grade students’ thinking 

related to the concept of a variable toward visualization and abstraction of the concept. The 

problem itself (to determine how many squares are on the border of a ten by ten grid) is not 

particularly challenging for the typical seventh grader. There is a picture of the object of 

discussion that is displayed prominently by means of the overhead projector throughout the 

entire video, and the teacher writes symbolic expressions for what each of the students describe 

verbally. Thus, there are at least three representations of the concept occurring (pictorial, verbal, 

and written symbols).  

In spite of this representation-rich learning environment, the principals consistently suggest 

that students should use manipulatives. The teacher in the video has a valid reason for not having 

students manipulate the object physically; she wanted them to have to manipulate it in their mind 

so that they might see value in using a variable to shorten or condense their thoughts. The teacher 

has a valid reason for avoiding the use of manipulatives, but the principals often suggested to 

incorporate them into the lesson. Finally, not a single principal made a specific suggestion for 

what type of manipulative this teacher might use in this case, nor did they provide any insight 

into how manipulatives would help students to build their conception of the idea of a variable or 

a variable expression. They only suggested including manipulatives in a general sense, 

suggesting a belief that the presence of manipulatives is important (and not necessarily the 

specific manner in which manipulatives are used). 

In a recently published study on teacher perceptions of videos of mathematics instruction, 

Kersting, Givvin, Sotelo, and Stigler (Kersting, Givvin, Sotelo, & Stigler, 2010) found that 

teacher habits for making spontaneous, detailed suggestions for instructional improvement were 
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significantly correlated with students having increased learning gains. An important difference 

between the prompts in this study and the study conducted by Kersting et al. is that I specifically 

asked participants to make suggestions, and they did not. Nonetheless, the majority of the 

comments encountered in this study would have been scored at level one (moderate) according to 

their rubric for comments related to suggestions for instructional improvement (Kersting, Givvin, 

Sotelo, & Stigler, 2010). In light of their findings and the results in this current study, it may be 

beneficial to provide professional development for principals so that they may make more 

specific suggestions relating to manipulatives and group work. For example, principals may need 

to be introduced to specific manipulatives that are designed to aid student learning in specific 

contexts as well as manipulatives that may not add value to the learning experience (Ball, 1992). 

Likewise, I think principals may benefit from specific training in cooperative learning strategies 

as well as determining when group work may not be the best situation for learning. It is surely 

necessary for many students to think and learn individually as well as in groups. 

Student Engagement 

The most frequently used words used by principals to discuss instruction in mathematics 

were student engagement. This is true in both the written data and in more informal verbal 

discussions. Previous studies of principal perceptions of videos of mathematics instruction also 

reported that principals refer to student engagement (Nelson & Sassi, 2000). The principals in 

this study referred to student engagement universally (both in the formally collected data and in 

informal discussions). 

In my opinion, principal interest in student engagement has not been stressed sufficiently in 

the literature on principal perceptions of mathematics instruction. According to the data collected 

in this current study, the notion of student engagement is very important to elementary school 

principals in Florida. The principals in the prior studies were sampled from states in the 

Northeastern and Midwestern states. It is possible that the high importance given to the notion of 

“student engagement” may be particular to Florida principals and not generalizable to principals 

in all states. Nonetheless, the pervasiveness of this idea coupled with the low consistency of 

interpretation is problematic. 

With two-thirds of the participants judging student engagement in Video Two to be low, 

there is very little agreement as to what level of student engagement occurred in Video Two. 

Perceptions of the level of student engagement in Video Three are somewhat more consistent, 
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but one-third of the participants judged student engagement very differently from the majority 

opinion. Based on this data as well as my experiences with principals discussing videos in other 

venues, I believe that this discrepancy would hold for nearly any video or classroom observation.  

This presents a curious scenario, because I would expect that a topic under such scrutiny by 

the community of principals as student engagement should be identified more consistently. I do 

not deny that the idea of student engagement is important for learning, but I believe the construct 

of student engagement should either be defined more specifically or replaced by a more reliable 

and consistent measure of instructional quality. 

Safety and Interpersonal Relationships in Mathematics Classrooms 

During the open-coding process that I used to analyze the written data, I noticed that 

principals often remarked upon the rapport between students and teachers as well as the general 

level of physical and emotional safety in the classroom. This matches my experiences discussing 

videos with the pilot group of principals, who often complained about the level of instructional 

quality of some videos only to then say that they would be pleased to observe the instruction in 

their school due simply to the fact that the students were respectful of one another and appeared 

to be safe. It makes sense that principals would look for this. After all, principals are responsible 

for the health, safety, and welfare of all of the people their schools. But, the basic safety of a 

person is not the only concern. It is certainly also the case that a person should feel safe in order 

to open his or her mind to learning and sharing ideas.  

A code related to trust, respect, rapport, or safety was not included in the a priori list of 

codes. I think this is one aspect of mathematics education that may be too often overlooked by 

mathematics education researchers. I think the basic safety of the students is a necessary but not 

sufficient condition for learning mathematics in a group setting, and the principals are clearly 

aware of this necessity. 

Implications, Limitations, and Recommendations for Future Research 

Several recommendations for future research have been shared in concluding statements at 

the end of each of the results chapters. The overall results of this study suggest that principals 

have a positive outlook toward reform-oriented instruction, and they also recognize some of the 

key aspects of reform-oriented instruction in mathematics when they see it. On the other hand, 

principals are typically commenting upon surface-level, content-general, observable features of 

mathematics instruction. Recent research suggests that teachers who make detailed suggestions 
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for instructional improvement have students with significantly higher learning gains than the 

students of teachers who fail to make detailed suggestions. In general, the principals in this 

dissertation study did not make detailed suggestions for instructional improvement, so this is an 

area to explore in future professional development and research. 

In this study, the level of principal Mathematics Knowledge for Teaching was not predictive 

of principal expertise in classroom observation. This is a puzzling result. One of two possible 

explanations must be true. Either the relation is not strong enough to measure, or the relation is 

strong enough and there was a methodological error. The principal has been called a “critical 

leverage point” for improving mathematics instruction in schools. Further, it is often said “that 

which cannot be measured cannot be improved at scale.”  Thus, it is worthwhile for researchers 

to develop a method for measuring principal observation expertise, and it is worth continuing to 

explore whether observation expertise is dependent upon mathematics knowledge. 

Based on suspected limitations of the method employed in this study, the search for a method 

for measuring observation expertise should include videos with both content errors as well as 

videos that do not have content errors. In order to neutralize the near-ubiquitous desire of 

principals to see student engagement, group work, and manipulatives, videos with these features 

should be used.  

Perhaps the most important limitation to the method used was the fact that principals only 

observed three videos. By contrast, Kersting (2010) asked the teachers in her study to watch 13 

videos over the course of three hours. Additional measurement and analytical techniques, such as 

Item Response Theory and Factor Analyses should be used in order to discern between items and 

principal responses. If principals observed a higher number of videos, the n statistic may be 

generated for each of the 25 items, using a video as a subject rather than an item. 

With regard to this study, the lack of relationship could be due to methodological errors. For 

example, none of the teachers in the three videos made any major content error. This study 

should be repeated with videos that contain examples of teachers making mathematical errors (in 

language, notation, or concepts) to see if those errors are more likely to be caught by principals 

or instructional leaders with higher levels of content knowledge. Secondly, the instrument used 

to measure observation expertise is a high-inference observation protocol, and it was not 

designed specifically for the purpose of gaining insight into the protocol user. A more objective 

instrument could be used in order to collect better data. 
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An observation protocol more specific to strategies such as formative assessment or one that 

is designed for principals to consider the cognitive complexity of mathematics tasks may be used 

more objectively as well as may be more closely related to student outcomes. A higher quality 

observation protocol should be developed, and it should be developed with empirical data related 

to student achievement. 

If indeed observation expertise is not dependent upon content knowledge in mathematics, 

then professional development for school principals may consider avoiding a focus on content 

knowledge and may better serve them by focusing on a more in-depth look at pedagogical 

strategies such as formative assessment, cooperative learning, coaching strategies, structuring 

lesson study, and so forth. 

With comments regarding both student engagement and group work being so prevalent, it 

seems peculiar that the collective group of principals has this major discrepancy in their 

judgment of student engagement. Likewise, with regard to group work, it is peculiar that the 

community of principals does not have a more specific and nuanced perspective on the matter. 

Future professional development opportunities for principals should involve strategies that 

encourage deeper conversations about ways to structure group work to leverage the learning 

opportunities as well as conversations about when group work is not an ideal strategy for 

increasing student learning. Additionally, principals may need to consider more carefully the role 

of manipulatives in mathematics classrooms. The notion of student engagement must be defined 

more objectively so that principals may refer to it consistently. 

Finally, it may be worthwhile for further research to identify the aspects of classroom 

instruction that mathematics classroom teachers, research mathematicians, and mathematics 

teacher education researchers notice. It is certain that each of these communities of practice have 

developed their own professional vision.  It is also certain that each of these communities of 

educators have something important to share with one another that can help to improve 

mathematics instruction and student learning. 
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APPENDIX A 

ADMINISTRATION INSTRUCTIONS FOR THE MATHEMATICS KNOWLEDGE 

FOR TEACHING SURVEY 

 

For Proctor: 

With principals seated, pass out the forms to the principals. Be sure that every principal has a 

pencil (or two). Set the screensaver and sleep timer for 45 minutes or longer on the computer to 

allow the timer to be shown without interruption. 

 

About the MKT Survey 

“For the next 45 minutes, we ask you to do some mathematics problems posed from the point of 
view of an elementary mathematics teacher. The items you see may not look familiar to a 
standard mathematics test. We are using a survey developed by mathematics educators over the 
past few years to measure depth of mathematics knowledge for teaching mathematics at the 
elementary level. You may notice that these questions are designed to align with the way that a 
teacher needs to know mathematics content in order to teach it. 
 
You may find that the items are quite challenging. They are challenging by design. Please don’t 
be discouraged if you struggle to answer them. We do not expect every person to answer all of 
the items correctly. By including difficult items, we are able to challenge very knowledgeable 
teachers and principals and allow them to really shine.  
 
At the end of these professional development workshops, it is our goal for every principal to be 
very knowledgeable on these items. 
 
Instructions for completing the forms 

Please write your designated 6-digit code at the top of the first page of this form. We ask that you 
write your assigned code on the form in place of your name in an effort to keep the data 
confidential. This way, the people who score the exam will not know your name when the exam 
is scored.  
 
We are not using the information to evaluate any person individually. Your names will not be 
associated when recording or reporting any of this data. We are using this information to 
evaluate our program and to inform the design of professional development in mathematics, and 
specifically in patterns, functions, and algebra, for elementary school principals. 
 
Please turn to page 3, the page with the heading ‘Instructions.’ (Show the page on the proctor’s 

copy to the room.) I will stop talking for a moment so that you may read the instructions on this 
page. After you read the instructions, please consider the questions in a, b, and c, and determine 
how you would respond. After everybody has a chance to read the instructions and the question, 
we will discuss this item. You may read the instructions and the sample item now. 
 
--provide 30 seconds of silence for principals to read the instructions and consider the sample 

item-- 
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Does anyone have any questions about this item or how you might answer it? (Allow some 

discussion and questions about the item. Note: the response indicated for item c is incorrect. 

Item c is a fairly common a misconception about exponential growth.) 
 
For every item on this form, we ask that you circle the letter or number to indicate your response. 
Please do not work together with anyone on this questionnaire. You may feel inclined to discuss 
some of these questions with others here in the room. We will not discuss the answers to these 
items after the questionnaire. You may write on the forms. Please circle your answer to clearly 
indicate your intent to respond. You may skip answers, but we hope that you answer as many 
questions as possible. 
 
When you have completed the forms, please take it to the back of the room and submit it to 
__________________. S/he will review your exam with you to be sure that you have indicated 
your responses, and s/he will verify that your code number is correct on the form. 
 
We are setting a time limit for this section so that we may keep to our schedule and release 
everyone at the promised time. You will have 45 minutes to complete the questions. A timer will 
be displayed on the screen to let you know how much time remains. 
 
You may open the booklet to page 4 and begin.” 
 
Instructions for Proctor: 

Start timer to countdown for 45 minutes as soon as the principals begin taking the exam. 

 

When you pick up the forms, please check for the principal’s code, verify that it is correct for 

that principal’s name, and check each page to ensure that the answers were recorded correctly. 

Do this in the presence of the principal who turns in the form. Indicate on the form that the 

principal has returned the MKT form. Of course, thank the principal kindly for his/her 

cooperation. 
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APPENDIX B 

INSTRUCTIONS FOR ADMINISTERING THE RTOP AND VIDEO OBSERVATION 

 

Hand each participant an RTOP form. Queue the video, and keep the slide reading “Observing 

Mathematics Instruction” on the screen. 

 

Introduction: 

During the next hour, we will watch a video of fourth grade mathematics instruction. We will 
watch a 33-minute video of a classroom in Florida. This lesson was recorded in the Spring of 
2008.  
 
We ask you to observe the video as though you were observing a teacher that you supervise. 
 
We have provided an observation instrument for you to complete. This instrument contains 25 
items to be rated. There is space for you to make comments and keep track of the time elapsed . 
 
There will be two parts to this exercise. First, we will watch the Video One time, from start to 
finish. You may make notes during this time. Please treat this as though you were observing a 
class and the form that we just handed you is the form you are to use as part of the observation. 
The second of this exercise will involve you completing the 25 items.  
 
After you have completed rating the 25 items and responding to the three prompts, one of us will 
pick up your forms. We may answer questions about the video after we have your forms. We 
cannot disclose the name of the teacher or the location of the video. 
 
Instructions for Using RTOP: 

Please write your 6-digit code on the top right corner of the first page of the form we gave you. 
After you write your code, you may open the forms. We provided some background information 
on the lesson for you. There is space for you to take notes on time and description of events. 
 
The three sections contain the items to be rated. Do not feel that you have to complete them 
during the actual observation period. Space is provided on the facing page of every set of 
evaluations for you to make notes while observing. After the video ends, please draw upon your 
notes and memory and complete the ratings. For most items, a valid judgment can be rendered 
only after viewing the entire lesson. This whole lesson provides contextual reference for rating 
each item. 
 
Each of the items is to be rated on a scale of 0 to 4. Choose “0” if in your judgment, the 
characteristic never occurred in the lesson, not even once. If it did occur, even if only once, “1” 
or higher should be chosen. Choose “4” only if the item was very descriptive of the lesson you 
observed. Intermediate ratings do not reflect the number of times an item occurred, but rather the 
degree to which that item was characteristic of the lesson observed. 
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I’ll repeat that last sentence: Intermediate ratings, those ratings between 0 and 4, do not reflect 
the number of times an item occurred, but rather the degree to which that item was characteristic 

of the lesson observed.  
 
A rating of 4 indicates that the statement in the item is “Very Descriptive” of the lesson. A rating 
of 0 indicates that the statement is not at all characteristic of the lesson we observe in the video. 
 
When you make your selection, please circle one of the numbers on the scale for each item. 
Please complete every item, and please do not circle more than one number on the scale or put a 
mark to indicate between items. It is important that you answer all of the items and that you 
answer them with exactly one number. 
 
Are there any questions on these ratings or on how to complete this form? (Pause to allow 

questions). 
 
Introducing the Video: 

The video that we are about to show took place in a Florida public elementary school in Spring 
of 2008. The lesson plan states that a benchmark from the Next Generation Sunshine State 
Standards. The benchmark is displayed on the screen. (Put the benchmark on the screen and 

allow 5 seconds to read it.) 
 
Please observe this lesson in its entirety before you rate the 25 items. You are welcomed to take 
notes in the space provided to remind yourself of specific instances from the video when you 
make your ratings. The lesson lasts for 33 minutes. When the lesson ends, I will invite you to 
rate each of the 25 items. Please rate every item with exactly one response from zero to four. 
 
Are there any questions before we begin the video?  
 
Respond to questions and start the video.  

 

After the video ends, stop the video and instruct participants to complete the 25 items. 

 

Allow time for all to complete the forms. The proctors may pick up each form as the participants 

complete them. When picking up each form, check for the following: 

1. 6-digit code on the front, right corner of the form.  

2. All 25 items are completed with a single response. 

 

After all the forms are gathered, put the forms in numerical order and double-check the 

principal’s names to be sure that all participants have completed a form. Initial the principal’s 

name in the register to indicate that that form is complete. 
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APPENDIX C 

CONSENT FORM FOR THE LARGER STUDY 

 

Principal PROMiSE Research Project 

FCR-STEM, Florida State University 

 

Consent Form for Principals 

 
The Florida Center for Research in Science, Technology, Engineering and Mathematics (FCR-
STEM) at Florida State University (FSU) invites you to participate in a research project 
investigating how principals can best support student achievement in mathematics and science 
through professional learning communities at their schools. Specifically, we will be looking at 
the impacts of PROMiSE professional development on: 

 principal knowledge and leadership related to implementation of Florida’s new standards 
in mathematics and science, 

 changes in teacher knowledge and practice and, in turn 
 changes in student performance in these content areas.  

 
All elementary principals in Florida, who are registered and were selected to participate in 
PROMiSE professional development are invited to participate in this research study. Those 
randomly assigned to delivery of the professional development in 2009 will be the treatment 
group; those randomly assigned for 2010 delivery will be a wait-list control group. We also will 
invite a random subsample of 60 schools (30 from the treatment group and 30 from the wait-list 
control group) to participate in a follow-up study that will involve additional data collection from 
principals and teachers of mathematics and science.  
 
Requirements for participation 

 

1. Establishment of school-based professional learning communities for teachers of  

  mathematics and science. 

 

As a follow-up to the professional development you will be receiving through Florida 
PROMiSE, we expect you will be establishing professional learning communities at your school 
with a focus on mathematics and science instruction and student learning.  
 

As part of this research project, we would expect these learning communities to  

 include, but not necessarily be limited to, teachers of mathematics and science in grades 
3-5.  

 begin in 2009-2010 at the treatment group schools. Principals at these schools will 
participate in the professional development during 2009. 

 begin in 2010-2011 at the wait-list control group schools. Principals at these schools will 
participate in the professional development during 2010. 

 

2. Completion of research instruments 
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As a principal participating in this project, you would be expected to complete the following, 
including pre- and post-measures of:.  
 

a. your knowledge about teaching mathematics.  
b. your knowledge about teaching science. 
c. your awareness and understanding of the Next Generation Mathematics and 

Science Standards.  
d. your school’s progress in establishing math/science learning communities 

and the nature of your and your teachers’ participation.  
e. your concerns about your role in facilitating implementation of Florida’s 

Next Generation Mathematics and Science Standards.  
 

Additional requirements for subsample of 60 schools:  

 

If your school is among the 60 invited to participate in a follow-up, more in-depth study, you 
also will be asked to:  
 

3. Conduct observations of mathematics and/or science instruction at your school with a 

trained FCR-STEM observer. The purpose of these observations will not be to evaluate 
teachers, but rather to measure “reformed” classroom teaching practices in mathematics and 
science such as engaging students actively, promoting scientific thinking and other indicators 
consistent with standards-based instruction. Training on the RTOP, an observation instrument 
designed specifically for the observation of mathematics and science instruction, will be 
provided during the PROMiSE professional development.  
 

4. Participate in formal or informal interviews and a focus group to learn more about your 
progress in establishing one of more learning communities at your school, your classroom 
observations, your pre- and post-lesson discussions with teachers, and the challenges and 
successes you have experienced.  
 
5. Provide school-related documents to assess the degree and nature of learning communities 
established at your school:  
 

 School Improvement Plans prepared for 2009-2010 and 2010-2011. 

 A sample of Individual Professional Development Plans (without teacher identifiers). 

 Meeting notes and logs from professional learning community meetings related to 
mathematics and science.  

 
6. Permit an FCR-STEM researcher to observe one or more professional learning 

community meetings at your school 

 

Incentives: 

 
All principals in the study who consent to participate in this research project will be eligible to 
receive a $200 gift card upon completion of pre-study measurement instruments listed in #2 
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above and a $300 gift card upon completion of post-study measurement instruments listed in #2 
above. 
 
Schools in the in-depth study: In addition, each of the 60 schools selected for and participating 
in the in-depth study will be eligible to receive a $500 gift card if: 

 you complete the requirements described in #3 through #6 above,  
  AND  

 at least 70% of teachers of mathematics and science in grades 3 through 5 complete 
instruments (a) through (d) listed in #2 above.  

 
 Please note that the $500 includes payment for any copying or other costs incurred by  
 the school or principal to provide the documents described in #5 above. 
 
Use of other data: 

 

The following data, collected by the research team as part of the professional development, will 
be analyzed to assess delivery and participation in the professional development: 

 

 Professional development attendance rates (from attendance logs at each session). 

 Your feedback (verbal and written) at the professional development sessions. 

 Your login and participation rates in the Sakai web-based discussions.  
 

Voluntary participation 

Your participation in the research project is totally voluntary. Declining to participate will not 
prevent you from attending the professional development. You may change your mind and 
withdraw from this project at any time without penalty.  
 

Confidentiality 

All information obtained as part of this project will be kept confidential, to the extent allowed by 
law. Neither your name, your teachers’ names, nor your school’s name will be included in any of 
the public reports or materials describing this project or disseminating its findings. Data collected 
as part of this project will be kept in a locked file cabinet or on a secure server in the offices of 
FCR-STEM researchers working on this project under the direction of Dr. Laura Lang (Tel 1-
850-645-1179; email llang@lsi.fsu.edu).  
  
Benefits  

Your participation in this study may result in the following future benefits to your school and to 
public schools generally in Florida: 

 More effective professional development for school principals and teachers of science 
and mathematics 

 Improvements in mathematics and science instruction and increased consistency with the 
new standards 

 Increased student learning and engagement in mathematics and science 
 
Estimated Time Requirement 
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All principals in the research project: We estimate that your participation in this research 
project will require 10 hours of your time over the course of 12 months beyond the time you 
have committed to the PROMiSE professional development. This includes the time required to 
complete pre- and post-measures for the five instruments listed in #2 above. 
 
Principals participating in the in-depth study: If your school is selected for the subsample of 
60 schools, your completion of #3 (classroom observations), #4 (interviews and focus group), #5 
(provision of documents) and #6 (agreeing to observation of professional learning community 
meetings by a trained observer) is expected to require an additional 10 hours of your time.  
 
Westat 

  
As part of Florida PROMiSE, Westat, a private firm in Bethesda, MD, will be conducting an 
external evaluation of all of the project components, including the professional development for 
principals which you will be attending. On the survey, we will be requesting your permission for 
the research team and the Westat external evaluation team to share with one another your 
individual data from the research project and external evaluation respectively to prevent 
unnecessary duplication. The purpose of data-sharing is not to evaluate you or any other 
individual. Furthermore, the results will not be reported in a way that could identify you. Your 
responses will be kept confidential by the research team and Westat external evaluation team to 
the extent allowed by law. Your consent to this data-sharing request is totally voluntary, but will 
help us minimize the time required to collect data from principals.  
 
Questions or concerns: 

 
If you have any questions now or at anytime during the research project, you may contact Dr. 
Laura Lang, FCR-STEM, Learning Systems Institute, Florida State University, University Center 
C 4600, Tallahassee, FL 32306-2540 (Tel 1-850-645-1179;  email llang@fsu.edu). 
 
If you have questions about your rights as a participant in this research or feel that you have been 
placed at risk, you can contact the Chair of the Human Subjects Committee, Institutional Review 
Board, through the FSU Office of the Vice President for Research at (850) 644-8633. 
 

Consent Survey 

Please go to the online survey at 

http://www.survey.lsi.fsu.edu/TakeSurvey.aspx?SurveyID=m4109m2 to indicate whether you 

wish to participate ("Yes" or "No) in this research study. If you agree to participate, this 

link also will allow you to register for the meeting where the pre-test instruments will be 

administered. Completion of the survey should take 5 minutes or less.  
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APPENDIX D 

CONSENT FORM FOR THE CURRENT STUDY 

 

Consent Form for 

Professional Vision of Elementary School Principals Research Study 

 
You are invited to be in a research study of principal perceptions of mathematics instruction. 
You were selected as a possible participant because you are an active principal in Florida and 
involved with the PROMiSE institutes for Leadership in Mathematics and Science Instruction. 
We ask that you read this form and ask any questions you may have before agreeing to be in the 
study. 
 
This study is being conducted by Robert Schoen at the Florida Center for Research in Science, 
Technology, Engineering, and Mathematics at the Learning Systems Institute under the direction 
of Ken Shaw and Laura Lang. 
 
Background Information: 

The purpose of this study is to gain insights into what school principals notice in mathematics 
classroom instruction. These insights will be used to characterize what principals find important 
in classroom instruction and inform professional development opportunities for school principals 
related to mathematics. 
 
Procedures: 

If you agree to participate in this study, we ask you to do the following things: 
 

1. Watch two videos of mathematics instruction. 
2. After each video, complete an open-ended form regarding your overall impression of the 

lesson, what you found interesting about the lesson, and suggestions you would offer to 
the teacher in the video.  

3. Complete a classroom observation protocol that will be provided to you. 
4. If you participated in the January 2009 one-day pretesting session, agree to allow us to 

use the data collected with this study. 
 
The first three tasks listed above will be embedded into the PROMiSE institute that you are 
attending this week. The videos are each approximately 12 minutes long. The two subsequent 
forms you will complete will take approximately 10 minutes each to complete. 
 
Risks and benefits of being in the Study: 

There are no known risks associated with this study. 
 
The benefits to participation are that you will have an opportunity to observe mathematics 
instruction and discuss your observations with your peers and with other mathematics experts. 
Your participation will also contribute to the research literature related to instructional 
supervision. 
 



 139

Compensation: 

You will not receive payment or compensation for participation in this study. 
 
Confidentiality: 

The records of this study will be kept private and confidential to the extent permitted by law. In 
any sort of report we might publish, we will not include any information that will make it 
possible to identify any participant. Research records will be stored securely and only researchers 
will have access to the records. Results of this study will not contain any names of participants or 
related schools in this study. 
 
Voluntary Nature of the Study: 

Participation in this study is voluntary. Your decision whether or not to participate will not affect 
your current or future relations with FCR-STEM, PROMiSE, or the Leadership for Mathematics 
and Science Instruction institutes. Further, if you decide to participate, you are free to not answer 
questions or withdraw at any time without affecting those relationships. 
 
Contacts and Questions: 

Rob Schoen is conducting this study. You may ask any question you have now. If you have a 
question later, you are encouraged to contact Rob Schoen, Ken Shaw, or Laura Lang. 
 
Robert Schoen 

Leadership in Mathematics and Science Instruction Research Director 
Florida Center for Research in Science, Technology, Engineering, and Mathematics 
Learning Systems Institute, Florida State University  
4600 University Center C, Tallahassee, FL 32306-2540 
Phone: (850) 645-8244 Fax: (850) 644-4952  
rschoen@lsi.fsu.edu 
 

 
 
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the FSU IRB at 2010 Levy Street, 
Research Building B, Suite 276, Tallahassee, FL 32306-2742, or 850-644-8633, or by email at 
humansubjects@magnet.fsu.edu. 
 
You may keep the first two pages of this form for your records. Please sign and return the third 
page to indicate your consent to participation in the study. 
 

Ken Shaw, Associate Dean 
Florida State University Panama City 
4750 Collegiate Drive 
Panama City, FL 32405 
(850) 770-2100 
kshaw@pc.fsu.edu 

Dr. Laura Lang, PROMiSE Co-PI 
FCR-STEM, Learning Systems Institute, 
Florida State University 
University Center C 4600 
Tallahassee, FL 32306-2540 
850-645-1179; llang@lsi.fsu.edu 
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Statement of Consent: 

 
I have read the above information. I have asked questions and have received answers. I consent 
to participate in the study. 
 
 
________________ ________________  _________________ 
Signature                 Date 
 
 
________________ ________________  _________________ 
Signature of Investigator        Date 
  
 
For those principals who participated in Pretesting during the first week of January 2009: 

 
I have read the above information. I participated in the January 2009 pretesting session, and I 
have asked any questions I have and received answers. I consent to allow Rob Schoen to use the 
data collected by FCR-STEM in January 2009 for the purposes of this additional research study. 
 
 
 
________________ _________________ _________________ 
Signature                 Date 
 
 
_________________________________ _________________ 
Signature of Investigator        Date 
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APPENDIX E 

PRETESTING SESSION AGENDA 

 

Jan. 6, 7, 8 

or 9 

9:30-4:00 

Florida PROMiSE Elementary Principal Project Research Study 

 “First Day of the Study” Agenda 

January 6, 7, 8 or 9, 2009 

 
9:30-9:45 

Change Facilitator Stages of Concern Questionnaire (CBAM) 
Measuring your concerns about your role in facilitating implementation of Florida’s 
Next Generation Mathematics and Science Standards 

9:45-10:00 Introduction/Overview of Principal PROMiSE 

10:00-10:50 Mathematics Knowledge for Teaching (LMT) 
Measuring your mathematics knowledge for teaching 

10:50-12:00 Mathematics Lesson Observation (RTOP) 
A mathematics classroom observation using a tool designed for K-20 
Mathematics/Science instruction  

12:00-12:45 Lunch (on-site) 

12:45-1:05 Next Generation Sunshine State Standards (Westat) 
Surveying your familiarity with the new Florida Standards for mathematics and 
science 

1:05-1:55 Assessing Teacher Learning about Science Teaching (ATLAST) 
Measuring your science knowledge (in the area of force and motion) for science 
teaching 

1:55-2:20 Professional Learning Communities (Supovitz) 
A professional learning communities survey related to your school’s status in 
establishing mathematics/science learning communities and the nature of you and 
your teachers’ participation 

2:20 – 3:10 *FCAT Presentation  

A presentation on the upcoming changes in the FCAT test as a result of the Next 
Generation Mathematics and Science Standards that can be shared with your teachers 

3:10-4:00 *Next Generation Sunshine State Standards Presentation 

An introduction to the Next Generation Mathematics and Science standards that can 
be shared with your teachers 

4:00-4:15 Research Study Incentive distribution 

*attendance at the FCAT Presentation and Florida PROMiSE Module 1 are optional. 

Participants who need to leave earlier may do so after completing the LMT, RTOP, Westat, 

ATLAST, and Supovitz surveys. Participants will receive a gift card as an incentive to complete 

all of these surveys. 
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APPENDIX F 

RELEASED SAMPLE ITEMS FROM THE SURVEY OF MATHEMATICS CONTENT 

KNOWLEDGE FOR TEACHING 

 

Three examples of released items from the Learning Mathematics for Teaching project. These 
items are similar to the types of items used in the assessment of mathematics knowledge for 
teaching (MKT) in this research study. 
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APPENDIX G 

REFORMED TEACHING OBSERVATION PROTOCOL: INSTRUCTIONS AND 

SURVEY 

 

RTOP Video Observation 
 

During this next segment, we will show a mathematics lesson with fourth grade students in 
Florida. The lesson is 32 minutes long. Please watch the video and then complete the observation 
protocol according to what you see in the video.  
 
About the Observation Protocol 

There is space available to record any notes that you may wish to make while you watch the 
lesson. Please take a moment to review the 25 items in the protocol.  
 
Note that each item corresponds to a Likert scale. The Likert scale ranges from “0,” indicating 
that the statement is not at all descriptive of what you saw in the lesson, to “4,” indicating that 
the lesson is a perfect example of the intentions in the statement.  
 
Circle a number to select a single value on the scale. Please do not attempt to indicate a value 
between the integers. If you are undecided between integers, elect to circle the lower integer. 
Also note that there are three main sections of the protocol: Lesson Design and Implementation, 
Content, and Classroom Culture.  
 
Please treat this observation as though you were observing a teacher in your school. There is also 
space for you to record notes and times that may assist you with your judgment on the 25 items.  
 
While we are not discussing the lesson in depth at this time, we will engage in watching 
classroom video and discussing with fellow principals and mathematics and science specialists 
throughout the Princpal PROMiSE professional development workshops. In most cases, the 
videos that we will use during our professional development workshops will be available for you 
to use in your schools to discuss with your teachers if you elect to do so. 
 
About the lesson 

This video was taped in a fourth grade Florida classroom in late Spring 2008. The standards 
benchmarks for the lesson come from Supporting Idea 4 (Algebra) in the Next Generation 
Sunshine State Standards for mathematics. The following benchmarks are listed in Supporting 
Idea 4, Grade 4: 
 

MA.4.A.4.1: Generate algebraic rules and use all four operations to describe patterns, 

including non-numeric growing or repeating patterns. 

MA.4.A.4.2: Describe mathematics relationships using expressions, equations, and visual 

representations. 

MA.4.A.4.3: Recognize and write algebraic expressions for functions with two operations. 
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LESSON DESIGN AND IMPLEMENTATION      
      
 
1. The instructional strategies and activities respected 

students’ prior knowledge and the preconceptions 
inherent therein. 

 

 
0 

 
1 

 
2 

 
3 

 
4 

2. The lesson was designed to engage students as 
members of a learning community.  

 

0 1 2 3 4 

3. In this lesson, student exploration preceded formal 
presentation. 

 

0 1 2 3 4 

4. This lesson encouraged students to seek and value 
alternative modes of investigation or of problem solving. 

 

0 1 2 3 4 

5. The focus and direction of the lesson was often determined 
by ideas originating with students. 

 

0 1 2 3 4 

CONTENT      
Propositional Knowledge      

 
6. The lesson involved fundamental concepts of the subject. 
 

 
0 

 
1 

 
2 

 
3 

 
4 

7. The lesson promoted strongly coherent conceptual 
understanding. 

 

0 1 2 3 4 

8. The teacher had a solid grasp of the subject matter content 
inherent in the lesson. 

 

0 1 2 3 4 

9. Elements of abstraction (i.e., symbolic representations, 
theory building) were encouraged when it was appropriate 
to do so. 

 

0 1 2 3 4 

10. Connections with other disciplines and/or real world 
phenomena were explored and valued. 

 

0 1 2 3 4 
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Procedural Knowledge      
 
11. Students used a variety of means (models, drawings, 

graphs, concrete materials, manipulatives, etc.) to represent 
phenomena. 

 

 
0 

 
1 

 
2 

 
3 

 
4 

12. Students made predictions, estimations, and/or hypotheses 
and devised means for testing them. 

 

0 1 2 3 4 

13. Students were actively engaged in thought-provoking 
activity that often involved the critical assessment of 
procedures. 

 

0 1 2 3 4 

14. Students were reflective about their learning. 
 

0 1 2 3 4 

15. Intellectual rigor, constructive criticism, and the 
challenging of ideas were valued. 

 
 

0 1 2 3 4 

CLASSROOM CULTURE      
Communicative Interactions      

 
16. Students were involved in the communication of their 

ideas to others using a variety of means and media. 
 

 
0 

 
1 

 
2 

 
3 

 
4 

17. The teacher’s questions triggered divergent modes of 
thinking. 

 

0 1 2 3 4 

18. There was a high proportion of student talk and a 
significant amount of it occurred between and among 
students. 

 

0 1 2 3 4 

19. Student questions and comments often determined the 
focus and direction of classroom discourse. 

 

0 1 2 3 4 

20. There was a climate of respect for what others had to say. 
 
 

0 1 2 3 4 
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Please check to be sure that you have circled a single rating for each of the 25 items. After 

you check for completion, you have completed the RTOP lesson observation protocol.  

 

Thank you very much for your participation. 

 
 
If you have any questions or concerns, please contact Laura Lang or Rob Schoen:  
 
  

Laura Lang, Principal Investigator Robert Schoen, Research Project Director 
Phone: 850-645-1179      Phone: 850.645.8244 

Email: llang@lsi.fsu.edu Email: rschoen@lsi.fsu.edu 
 
 
FCR-STEM  
Florida State University  
University Center Suite C4600  
296 Champions Way  
Tallahassee, FL 32306-2540  
http://www.lsi.fsu.edu 

Student/Teacher Relationships 

 

     

 
21. Active participation of students was encouraged and 

valued. 
 

 
0 

 
1 

 
2 

 
3 

 
4 

22. Students were encouraged to generate conjectures, 
alternative solution strategies, and ways of interpreting 
evidence. 

 

0 1 2 3 4 

23. In general, the teacher was patient with students. 
 

0 1 2 3 4 

24. The teacher acted as a resource person, working to support 
and enhance student investigations. 

 

0 1 2 3 4 

25. The metaphor “teacher as listener” was very 
characteristic of this classroom. 

 

0 1 2 3 4 
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APPENDIX H 

PROTOCOL USED TO DEVELOP EXPERT RATINGS FOR THREE STUDY VIDEOS 

 

Facilitator Plan for Developing RTOP Expert Ratings 

July 1, 2009 

 
I. As participants arrive, ask them to complete the paperwork for payment as well as the 

MKT form. We ask them to complete the MKT form so that we have data to support our 
claim that they are mathematics experts. Additionally, we thought they might like to see 
the forms that we are using to measure mathematics knowledge of the principals and 
teachers. 

 
II. Distribute the lunch menu while panelists are taking the MKT. The experts will write 

their selection on a paper when they complete the MKT. The lunch will be ordered during 
the viewing of Flickerbill. 

 
III. Welcome and Introductions. Ask participants to introduce themselves to one another. 

Introduce the days’ agenda, including the purpose and the process that will be followed.  
 
a) The purpose is to develop expert ratings on the RTOP for the research project where we 

are trying to identify principal expertise levels in classroom observation.  
 
b) Introduce the RTOP. Use the introduction used in pretesting. 
 
c) We will watch four videos. After each video, panelists will complete the RTOP form two 

times. They will complete it once prior to discussion. We will examine the ratings, item-
by-item, and discuss ones that have a lot of discrepancy. Then, panelists will complete 
the form one more time. They may keep the same ratings that they made initially, or they 
may change their ratings. We will keep both forms. The first form will give us a bound 
related to how much consistency we may expect within the principal group. The second 
form will be used to determine the expert score. 

 
IV. Ask if participants mind if I audiorecord our discussions. I will not use this against them. 

I will use this to make sure any notes I take are accurate. If they are not comfortable with 
this, I will not record. 

 
V.  Flickerbill Video (see protocol) 

 
VI. Border Problem Video (see protocol) 

 
VII. Writing Variable Expressions Video (see protocol) 

 
VIII. Three Coin Problem (see protocol) 
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IX. Complete paperwork for payment. Provide exit interview forms to participants and ask 
them to complete them within the next 48 hours and return them to me in the envelope. If 
they prefer, they may type their responses and email them to me. 

Protocol for Each Video 
1. Distribute open-ended form, (not on Flickerbill), RTOP form, and notes page to participants. 
 
2. Ask participants to write their name and circle “First” in the viewing number line. 
 
3. Introduce the video. (benchmark, length, setting, prior information) 
 
4. Show the video. Participants may take notes. 
 
5. Provide information after video (what students did next). 
 
6. Ask participants to write the open-ended form (5 minutes). 
 
7. Ask participants to complete the RTOP form. 
 
8. When participants complete the RTOP, invite them to pass their RTOP forms to facilitator 

and discuss the open-ended responses. 
 
9. Facilitator enters the RTOP values for each participant into a table while experts are 

discussing. 
 
10. Return the RTOP forms collected after the first viewing.  
 
11. Display the table of ratings for all participants to examine the distribution of ratings on each 

item. Look for items with high disagreement. 
 
12. Discuss the differences. Invite participants to review part or all of the video whenever they 

think it may be useful. (20 minutes maximum). Collect comments regarding discontent with 
the items on RTOP to inform future observation protocol development and strengths and 
weaknesses of the RTOP. 

 
13. Volunteer to play the video once more if they want to see it. 
 
14. Ask participants to complete the RTOP a second time. They may keep the same ratings that 

they made on the first round, or they may adjust their initial ratings. 
 
15. Collect the “Second” viewing forms from participants. 
 
16. Thank participants for their input and work. 
 
17. Invite participants to take a break while the next video is queued. 
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APPENDIX I 

VIDEO SOURCES SEARCHED 

 

Web-based Libraries: 
www.learner.org 
http://www.mmmproject.org/video_matrix.htm 
http://illuminations.nctm.org/ 
http://mathedology.ed.asu.edu/ 
 
Published Sources: 
Seago, N., Mumme, J., & Branca, N. (2004). Learning and teaching linear functions: Video cases 

for mathematics professional development, 6-10. 
TIMSS 1999 video study: Mathematics public release lessons 
Grant, C.M., Nelson, B.S., Weinberg, A.S., Sassi, A., Davidson, E., Holland, S.G.B. (2006). 

Lenses on Learning: Focusing on mathematical thinking. Parsipanny, NJ; Dale Seymour 
Publications. 

National Research Council. (2002). Studying classroom teaching as a medium for professional 
development: Proceedings of a U.S.-Japan workshop. H. Bass, Z.P. Usiskin, & G. Burrill 
(eds.). Washington, DC: National Academy Press. 

Boaler, J., & Humphreys, C. (2005). Connecting mathematical ideas: Middle school video cases 
to support teaching and learning. Portsmouth, NH: Heinemann 

Carpenter, T.P., Fennema, E., Franke, M.L., Levi, L., & Empson, S.B. (1999). Children’s 
mathematics: Cognitively guided instruction. Portsmouth, NH: Heinemann. 

Carpenter, T.P., Franke, M.L., & Levi, L. (2003). Thinking mathematically: Integrating 
arithmetic and algebra in elementary school. Portsmouth, NH: Heinemann. 

 
Additional: 
Private libraries of my own teaching and the teaching of my colleagues, including Steve 

Blumsack, Zachary Champagne and Tim Kenney. 
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APPENDIX J 

A PRIORI CODING CATEGORIES FOR QUALITATIVE DATA 

 

Overall Positive 

Overall Mixed 

Overall Negative 

Student Engagement (Limited/Low/Problematic) 

Student Engagement (Mixed or Questioned) 

Student Engagement (High or Adequate) 

Wait Time 

Learning Goal (Whether it is Displayed/Known) 

Use of Manipulatives 

Teacher Movement around Classroom 

Students Seated in Groups or in Rows 

Student Discussion (Cooperative Learning) 

Student Conceptions (evidence of understanding, misconceptions, or wondering whether students 

understand) 

Cognitive Demand of Tasks (DOK High, Moderate, Low) 

Interesting/Boring Lesson (for principal or for students) 

Direct Instruction 

Too much Teacher Talk 

Reference to Variable 

Reform-oriented (e.g., “constructivist”)** 

Authentic Engagement** 

Ritual Compliance** 

Problem-Solving** 

Representations** 

Reasoning and Proof** 

Connections** 

Communication (probably needs sub-categories)** 

Rigorous** 

Relevant** 

Mini-lessons** 

Formative Assessment** 

 
**Data were not encountered to justify the use of this category.
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APPENDIX K 

INSTITUTIONAL REVIEW BOARD APPROVAL 

 

Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 6/17/2009 
 
To: Robert Schoen 
 
Address: 182 Meridianna Drive, Tallahassee, FL 32312 
Dept.: MIDDLE AND SECONDARY EDUCATION 
 
From: Thomas L. Jacobson, Chair 
 
Re:  Use of Human Subjects in Research 
Principal Perceptions of Mathematics Instruction, associated with the Principal PROMiSE 
Research Project 
 
The application that you submitted to this office in regard to the use of human subjects in the 
proposal referenced above have been reviewed by the Secretary, the Chair, and two members of 
the Human Subjects Committee. Your project is determined to be Expedited per 45 CFR § 
46.110(7) and has been approved by an expedited review process. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice. Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 6/15/2010 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol. A protocol 
change/amendment form is required to be submitted for approval by the Committee. In addition, 
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federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is IRB00000446. 
 
Cc: Ken Shaw, Advisor 
HSC No. 2009.2112  
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