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ABSTRACT OF THE DISSERTATION 

 

Transforming Precalculus to Calculus 2: A Longitudinal Study of Social and Structural Change 

in a University Mathematics Department 

 

by 

 

Naneh Apkarian 

 

Doctor of Philosophy in Mathematics and Science Education 

 

University of California San Diego, 2018 

San Diego State University, 2018 

 

Professor Chris Rasmussen, Chair 

 

 

Meaningful and sustainable change to undergraduate mathematics instructional practice 

is needed to support student engagement and success in STEM fields, and this is both a moral 

and economic imperative in America (CBMS, 2016; PCAST, 2012; TPSEMath, 2015). 

Historically, change initiatives have not had much success in shifting instructional practice nor in 

implementing programs known to support students (Burnes, 2011; Henderson, Beach, & 

Finkelstein, 2011; Seymour, 2001). A limitation of these approaches has been their narrow focus, 

which does not consider the effects of the wider systems (Henderson & Dancy, 2007; Kezar, 

2014b). A systems approach to supporting students should consider multiple aspects of students’ 

experiences with their courses (e.g., tutoring centers, placement exams, classroom experience); a 

systems approach to change at the undergraduate level should consider multiple aspects of 

departmental and institutional culture which affect faculty and instructors. This dissertation takes
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a system-level view of a mathematics department at a large state university (LSU) as they 

implement a change initiative aimed at supporting student success in Precalculus to Calculus 2 

(P2C2) courses by creating a new system, which consists of several interlocking and evidence-

based practices for supporting student success. This study does not address the efficacy of those 

practices nor the fidelity with which they were implemented. Instead, I investigate the culture of 

the department, how that culture has changed, and how that culture impacted the process of 

change over a two-year period. This investigation was carried out using social network analysis, 

climate survey analysis, and qualitative analysis of interviews with members of the department 

during the period of change. In this dissertation, I discuss shifts in social structure and leadership 

surrounding the P2C2 sequence and factors contributing to the emergence of new leadership as 

well as the complex departmental culture and how structures, symbols, people, and power shifted 

and affected the implementation of new program features (Apkarian & Rasmussen, 2017; 

Reinholz & Apkarian, 2018). The dissertation concludes with a discussion of the overall 

experience of the LSU change initiative, practical lessons from their experience, and implications 

for future change agents or researchers of departmental change. 

 



 

1 

Chapter 1: Introduction 

Change is approaching in undergraduate mathematics education. While many institutions 

are interested in making sorely needed improvements to their programs, there is a dearth of 

knowledge about what the change process looks like in context, and what actions can help or 

hinder that process. This project aims to take up a timely opportunity to help fill this hole in the 

literature by studying a mathematics department at a large state university (LSU) undertaking a 

major effort to improve introductory mathematics courses. In particular, this study looks at the 

reflexive relationship between the daily life (e.g., practice, activities, values) of those in the 

department community and the local change effort as they co-evolve over two years. It will 

inform the effort under study, and future efforts, by exploring what happens on the ground 

during such a transition. This is done by considering the community structure of the department, 

departmental culture, and the structure of the change initiative over a two-year period. I take a 

systems approach to consider how the pieces of the puzzle interlock and fit together, affecting 

the design, implementation, enactment, and potential for sustainability of the program as a 

holistic unit. 

Motivation 

Concerns about the state of undergraduate mathematics are widespread and well 

documented. Along with the oft-cited studies demonstrating that students drop out of STEM 

majors at an alarming rate due to their experiences with Calculus and other introductory 

mathematics courses (Bressoud, Mesa, & Rasmussen, 2015; Ellis, Fosdick, & Rasmussen, 2016; 

PCAST, 2012; Seymour, 2006; Seymour & Hewitt, 1997), a large body of work exists showing 

that students’ conceptions about these topics are impoverished (Carlson & Rasmussen, 2008). 

The research community has expended years of efforts into understanding students’ 
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understandings of the mathematics (Artigue, Batanero, & Kent, 2007; Larsen, Marrongelle, 

Bressoud, & Graham, 2017; Rasmussen & Wawro, 2017), to develop alternative curricula 

(Lobato & Walters, 2017), and to experiment with new pedagogical approaches (S. Freeman et 

al., 2014; Kogan & Laursen, 2014). This work has led to many successes, but on a relatively 

small scale – students in classrooms taking a more active approach have increased with greater 

student success in mathematics (S. Freeman et al., 2014; Kogan & Laursen, 2014; Rasmussen & 

Kwon, 2007).  

However, the news is not all good. The overall numbers of STEM majors continue to fall 

below the level of national need (PCAST, 2012), efforts to enact major change continue to fail, 

in part or in whole (Corbo, Reinholz, Dancy, Deetz, & Finkelstein, 2015; Henderson et al., 

2011), and partial or superficial uptake of new approaches does not reap the same benefits as 

those seen by educational researchers (T. M. Andrews, Leonard, Colgrove, & Kalinowski, 2011). 

Researchers who study the processes of change acknowledge that the traditional “build it and 

they will come” approach to dissemination of research-based practices is problematic, pointing 

to lack of transparency, lack of access, and inattention to the local contexts in which change 

occurs as some of the major sticking points (Borrego & Henderson, 2014; Corbo et al., 2015; 

Henderson et al., 2011; Kezar, 2014b). The literature has identified some problematic themes 

with existing change efforts, as well as some stories of success (Apkarian, Bowers, O’Sullivan, 

& Rasmussen, in press; Hayward, Kogan, & Laursen, 2015; V. S. Lee, Hyman, & Luginbuhl, 

2007; Neumayer, Foote, Beichner, Dancy, & Henderson, 2014; Wieman, Perkins, & Gilbert, 

2010), but more work is needed to understand the nuances of change implementation. This 

project is all the more necessary given the current national climate, with many institutions 
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indicating willingness and even desire to make changes to their introductory mathematics 

programs (Apkarian & Kirin, 2017; Rasmussen et al., 2016).  

A Prior Attempt: Calculus Reform in the 1990’s 

The current concerns with student success in introductory mathematics courses are not 

new. In the early 1990’s, there was a movement in the United States to improve the situation, 

known as the “calculus reform” movement. This effort was spearheaded by mathematicians and 

mathematics educators, and supported by the National Science Foundation (NSF), but had 

limited long-term effects. While there was some lasting impact on textbook presentations of 

material and the usage of technology, pedagogical shifts took hold only in select postsecondary 

institutions. I present a brief overview of this movement, and suggest that inattention to local 

context and theories of change contributed to a backslide into traditional instructional practice. 

The start of the American calculus reform movement is sometimes cited as the 1986 

“Lean and Lively” calculus conference in Tulane or the 1987 “Calculus for a New Century” 

meeting in Washington D.C., both of which convened to discuss a perceived crisis in calculus 

education (Hurley, Koehn, & Ganter, 1999; Schoenfeld, 1995; Wilson, 1997). Then, as now, 

there were concerns about low passing and continuation rates for students taking calculus, 

particularly at the undergraduate level. Many projects were funded in the following ten years 

aimed at improving the teaching and learning of calculus, focused primarily (if not entirely) on 

curriculum reform. A major aspect of these reform projects was the inclusion of technology in 

calculus courses, including a rise in graphing calculator and computer algebra system (CAS) 

usage. More generally speaking, reform curricula were designed to be more “hands on” than the 

status quo by including projects or extended problems that engaged students more deeply with 

mathematics and mathematical applications. There was also a movement toward multiple 
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representations called The Rule of Three (or Four) which pushed for calculus concepts to be 

explored using graphical, numerical, and analytical (and verbal) representations (Schoenfeld, 

1995). Accompanying these shifts was a reduced emphasis on formal proofs in favor of intuitive 

understandings of major concepts (Mumford, 1997). These new approaches to content demanded 

support via a change in classroom pedagogy, and some identify student-centered teaching 

approaches as one of the goals of the reform movement – but this was not universally agreed 

upon (Hughes Hallet, 2000; Schoenfeld, 2000). 

In the mid 1990’s the situation appeared promising, with an estimated 70% of 

postsecondary institutions having made changes to update and reform their calculus courses. The 

variety of approaches, open-ended tasks, and inclusion of technology were seen by many as more 

appropriate for supporting and engaging the student population taking undergraduate calculus 

(Hughes Hallet, 2000; Mumford, 1997; Schoenfeld, 1995). Some claimed that many of these 

reform components had become so common in calculus that they were part of the new 

mainstream approach to calculus, and that the movement had opened up new conversations about 

the teaching and learning of calculus (Hurley et al., 1999; Schoenfeld, 1995).  

However, strong opposition arose from some proponents of the traditional approach to 

teaching calculus, creating severe divides between mathematicians across the country. The 

attacks on reform curricula included accusations that the nature of mathematics was being 

compromised, lack of mathematical rigor, overreliance on computation, and ignorance of the 

successes gained through traditional approaches (Klein & Rosen, 1997; Wilson, 1997). This 

opposition supported the development of revised curricula which adopted some small aspects of 

the reform movement into a largely traditional approach – and it is this approach which 

dominates today.  
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Mainstream textbooks (Stewart, 2016) are today accompanied by online software suites, 

include a variety of representations, and include problems which are open-ended or require CAS. 

These changes to textbooks, which provide opportunities for more active engagement with 

mathematics, signal to some that the reform efforts were successful in changing the standard 

presentation of calculus material (Hughes Hallet, 2000; Hurley et al., 1999; Schoenfeld, 1995). 

There are some remnants of the reform movement in the new generation of traditional texts, but 

the pedagogical revolution some hoped for has not come to pass (Apkarian & Kirin, 2017; 

Rasmussen et al., 2016). 

Many departments began moving away from the reform approach and back to traditional 

approaches with which their faculty (and students) were more comfortable with, though some 

retained their reform curricula and instructional strategies. Some universities continue to use 

systems developed during the major push of the reform movement, while others have reverted to 

traditional instructional strategies from pre-reform efforts, and many mixed systems exist as well 

(Apkarian & Kirin, 2017; Hurley et al., 1999; Rasmussen et al., 2016; Schoenfeld, 1995). The 

case-by-case results of the calculus reform movement vary extensively, and admit questions of 

why and how some institutions changed while others did not (Hurley et al., 1999). 

A likely explanation comes from Hurley, Koehn, and Ganter, who suggest that “the 

relative success or failure at reform efforts is not necessarily dependent solely upon content, but 

also on how, by whom, and in what setting the approach is implemented” (1999, p. 809). This 

suggestion highlights the broad scope of the calculus reform effort, which was put forward as a 

large national push that did not attend to local context. While some institutions may have taken 

the time to design local reforms that were complementary with their own system, it was not an 

explicit part of the overall movement. In addition, the changes to curricula and common 
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textbooks were not accompanied by concerted professional development programs. The apparent 

assumption was that an initial focus on curricular changes and the inclusion of project-based 

learning would necessitate pedagogical change to support student engagement in mathematics 

(Schoenfeld, 1995), something which we now know to be rather naïve (Speer & Wagner, 2009).  

This dissertation aims to carefully catalogue the process of change at a local level, 

including the cultural context of a department, in ways that address some of the challenges faced 

by prior calculus reform efforts. 

Research Questions and Goals 

This longitudinal case study of a department in flux explores how an improvement effort 

affects the department-level community and culture surrounding undergraduate mathematics 

instruction, and vice versa. The three main goals of this study are to: 

1. Characterize the community within the department, and its evolution over time. 

2. Characterize the improvement effort being implemented, and its evolution over time. 

3. Trace the interactions vis-à-vis the community and the improvement effort, with 

particular attention to their co-evolution over time. 

In order to address these broad goals, several more focused questions are asked. These questions, 

listed below, are all considered over time along with their implications. 

1. Characterize the community within the department, and its evolution over time. 

a. What is the (evolving) social structure of the community in the department? 

b. What are the (evolving) characteristics of the community being affected? 

2. Characterize the improvement effort being implemented, and its evolution over time. 

a. What is the (evolving) structure of the improvement effort? 
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b. What are the intentions, goals, and rationale behind the (evolving) design of the 

effort? 

c. Is there evidence that the change effort is affecting its targets? 

3. Trace the interactions vis-à-vis the community and the improvement effort, with 

particular attention to their co-evolution over time. 

a. How is the community responding to the improvement effort? 

b. How is the improvement effort responding to the community? 

c. How is the improvement effort perceived by those affected? 

Answering these questions contributes to the story of this particular department’s change 

initiative in ways that may support the sustainability and success of their effort. While local 

results cannot simply be exported elsewhere, understanding the process of change at LSU has 

generalizable findings. 

Roadmap of the Manuscript 

Chapter 2, Literature Review and Theoretical Perspective, positions this study within 

existing research literature. This includes a review of literature related to the teaching and 

learning of undergraduate mathematics, including potential solution strategies for some of the 

widespread concerns related to calculus. There is also a review of change literature, both 

theoretical and practical. Much of this review draws on theoretical and empirical work from 

organizational science, and considers the department as a unit for change. The construct of 

leadership is also reviewed, to better conceptualize the role of individuals within a community. 

Communities are operationalized using some of the constructs of communities of practice, 

though the department is not necessarily considered to be one. Social capital, also from 

organizational science, is defined and explored as another way to consider individuals’ 
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relationships and how that contributes to departmental norms. Finally, I review some social 

network literature to conceptualize communities, individuals within them, how that contributes 

to the identity of a community, and how to measure some of these rather ethereal socially-based 

constructs. 

Chapter 3, Methods, begins with a description of the setting, context, and participants of 

this study. This includes the institutional and departmental context, as well as groups of 

individuals who were targeted for participation. This is followed by a description of the methods 

for collecting and analyzing data for this study. There are many types of data sources, each 

requiring their own analysis. Therefore, this section is organized by type of data source: social 

networks, climate scales, interviews, and observations. This chapter concludes with a discussion 

of how these various sources and analyses are combined to further the depth of insight they can 

provide.. 

Chapter 4, Social Climate in a Changing Department, characterizes the mathematics 

department under study in relation to lower-division undergraduate mathematics instruction – 

this is the first research goal. This analysis primarily draws on survey data related to social 

climate and social networks within the department. These reveal that members of the department 

think and talk about lower-division courses. There is no evidence of a change in department 

members’ perception of the social climate in their department over the three years in which this 

data was collected. However, the social networks changed over that same period. In particular, a 

noticeable shift in leadership is revealed by these social networks, as new figures emerged as 

trusted resources and some previous leaders disappear from central positions. 

Chapter 5, Four Frames of Cultural Change, characterizes the improvement effort 

surrounding the Precalculus to Calculus 2 sequence and how they evolved during the two years 
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of the initiative (research goal 2). This chapter uses the Four Frames perspective on 

organizational culture to contextualize the observable structural elements of the change, which 

contributes to a fuller understanding of not only what changed, but how and why it happened as it 

did (Reinholz & Apkarian, 2018). This chapter also touches on the third research goal, though 

the focus is on a characterization of the change initiative itself. This analysis reveals ways in 

which aspects of the initiative supported or constrained smooth implementation of new 

structures, highlighting a few lessons for those embarking on a change initiative of their own.  

Chapter 6, Emerging Instructional Leadership in a New Course Coordination System, 

addresses the third research goal more specifically, combining quantitative and qualitative 

analyses to look closely at instructional leadership, and the (newly minted) calculus 

coordinators’ different trajectories. This chapter considers both formal and informal aspects of 

instructional leadership, and how personal and social characteristics interact with official titles 

and duties to affect what it means to be a course coordinator. 

Chapter 7, Conclusion and Implications, distills some of the major lessons learned 

through this study. It discusses contributions to theory related to the use of the four frames 

perspective to better understand variations of implementation. This study also makes 

methodological contributions related to the use of the four frames as a framework for 

investigating a department, as well as the new use of social network analysis in undergraduate 

departments. I also point to how this study can support pressing issues of practice, providing 

some concrete takeaways for change agents concerned with initiating or sustaining change in 

their institutions. This manuscript concludes with some avenues for future investigation of this 

initiative in this department as well as others. 
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Chapter 2: Literature Review and Theoretical Perspective 

This study pulls together elements from various theoretical traditions and research areas. 

I begin with a review of concerns related to introductory undergraduate mathematics courses, in 

particular mainstream1 precalculus and calculus, as well as some potential strategies for 

addressing those concerns. I then turn to research about organizational change, particularly 

research situated in undergraduate contexts, covering both theories of change and reviews of 

change in practice. A section on leadership, with attention to change leaders, follows and begins 

the transition to research and theories with social overtones. The sections on communities of 

practice present the major theoretical perspective behind this study, exploring why and how 

social interactions are important for the advancement of the mathematics department under 

investigation. Finally, I present some research from social network studies, primarily in 

educational contexts, that show relationships between patterns of social interaction and outcomes 

of improvement efforts.  

Undergraduate Mathematics 

Across the country, student success rates in introductory undergraduate mathematics 

classes are unacceptably low. This has a dramatic effect on the lives of students, diverting 

thousands each year from career pathways in science, technology, engineering, and mathematics 

(STEM). Students leave the sciences not only because they fail prerequisite classes, but because 

the experience leaves them discouraged and disaffected (Ellis et al., 2016; PCAST, 2012; 

Seymour, 2006; Seymour & Hewitt, 1997). Against this bleak backdrop, with some estimating 

that America will have a shortfall of 1 million STEM majors, researchers have begun to identify 

                                                 

1 “Mainstream” refers to courses which prepare students for further study in mathematics, i.e. courses which 

function as prerequisites for multivariable calculus, linear algebra, or differential equations. 
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promising practices in undergraduate education which give rise to hopes for the future. As 

mathematics, and calculus in particular, are required foundation courses for most STEM majors, 

the work being done in undergraduate mathematics education research is particularly crucial. 

This section reviews some of the work identifying problems in these courses, as well as some of 

the research-backed strategies proposed to mitigate these problems. 

Problems in Introductory Mathematics 

The improvement effort under investigation in this study is part of the movement to 

address concerns about Precalculus to Calculus 2 (P2C2) courses, which are present at this 

university as well as across the country. Understanding how this effort came to be, how the 

implementation process works, what stumbling blocks arise, and how members of the 

department engage with the effort may provide important insight that can be leveraged by others 

interested in enacting change. 

Students’ learning of precalculus and calculus. A large body of work exists showing 

that students’ conceptions about precalculus and calculus topics are incomplete (Artigue et al., 

2007; Carlson & Rasmussen, 2008). Carlson and colleagues have documented widespread and 

severe weaknesses in first-semester calculus students’ understanding of foundational concepts, 

though these partial understandings do not necessarily predict failure in the Calculus 1 courses 

they investigated (Carlson, Madison, & West, 2015). This raises questions about the level of 

preparation students receive in precalculus courses, as well as the structure of calculus courses 

and the extent to which incomplete understandings are addressed in class. Rather than lay blame 

on students, or with the opportunities to learn that students receive in prior courses, many 

support the idea of meeting students where they are and building off of the knowledge which 
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they do have (diSessa, 2002; Rasmussen, Marrongelle, Kwon, & Hodge, 2017; Smith, diSessa, & 

Roschelle, 1993). 

The recently published Compendium for Research in Mathematics Education (Cai, 2017) 

includes three particularly relevant reviews of students’ understandings of mathematics in 

relation to P2C2 courses. Thompson and Carlson review literature on students’ understandings of 

the concept of mathematical functions and variation, which are part of standard precalculus 

content and critical for developing an understanding of many calculus concepts (Thompson & 

Carlson, 2017). Larsen, Marrongelle, Bressoud, and Graham present an overview of major 

themes within research on students’ understandings of major calculus concepts (Larsen et al., 

2017). Their review focuses on limit, derivative, and integral concepts due to both their role in 

calculus courses and the focus of the research community on these topics. They identify common 

themes of struggle in relation to these concepts, and also describe several teaching experiments 

with the aim of improving instruction in relation to specific concepts. The authors further note 

that some of the student difficulties identified in their work, and also some of the strategies for 

improvement, relate to repairing understandings of precalculus concepts such as those 

documented by Thompson and Carlson. A third relevant chapter from the Compendium is 

Rasmussen and Wawro’s review of research in post-calculus mathematics, which is an update to 

a prior review of the same topic (Artigue et al., 2007; Rasmussen & Wawro, 2017). Though their 

review is of content associated with content that follows calculus in the curriculum, inadequate 

understandings of functions and limits appear again. 

Persistence in STEM. One of the major concerns with the current state of undergraduate 

mathematics education stems from an alarming statistic: fewer than 40% of college students who 

intend to major in STEM fields complete an undergraduate STEM degree. Many switch because 
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of their experiences in introductory courses, irrespective of their performance in those courses. 

These experiences include uninspiring courses, lack of support for difficulties with mathematics, 

and an unwelcoming atmosphere. Though relevant, a lack of adequate academic preparation is 

not the main reason why students leave STEM majors (Berrett, 2011; PCAST, 2012; Seymour, 

2006; Seymour & Hewitt, 1997).  

These phenomena particularly affect students from underrepresented groups, who switch 

out of STEM majors at higher rates than their peers (PCAST, 2012). This disparity is widely 

documented for students from underrepresented ethno-racial groups and women (Ellis et al., 

2016; Lubienski & Ganley, 2017; Martin, Anderson, & Shah, 2017), and research from K-12, 

social psychology, and identity suggest that students from other underrepresented groups or 

underserved populations also face disparate challenges in undergraduate mathematics classrooms 

(Barwell, Moschkovich, & Phakeng, 2017; Borland, 2005; Langer-Osuna & Esmonde, 2017; 

Turner, Dominguez, Maldonado, & Empson, 2013). 

Potential Solutions 

This section is organized based on seven features of successful Calculus 1 programs 

identified by the Characteristics of Successful Programs in College Calculus (CSPCC) project, 

supplemented by wider literature backings of each feature (Bressoud et al., 2015; Rasmussen, 

Ellis, Zazkis, & Bressoud, 2014). Many of these features are also part of national 

recommendations put forward by professional societies (CBMS, 2016; National Research 

Council, 1999, 2013; Saxe & Braddy, 2015; TPSEMath, 2015). The organization of this section 

reflects the fact that the department under investigation in this study chose these features as their 

starting point for designing initiatives. While the CSPCC project focused on mainstream 

Calculus 1, first courses in single variable calculus that prepare students for higher level 
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mathematics, their work revealed that Calculus 1 functions as part of a system including 

preparation for calculus courses and all single variable calculus courses. These courses are most 

commonly named Precalculus, Calculus 1, and Calculus 2, hence the moniker “Precalculus to 

Calculus 2” or P2C2 sequence. This series of courses is being investigated in the new Progress 

through Calculus (PtC) project. Preliminary results from the PtC project are included in this 

overview, with more detail available elsewhere (Apkarian & Kirin, 2017; Rasmussen et al., in 

press, 2016).  

Local data. Regular collection and use of local data can be an effective guide for 

program modifications as part of continual improvement efforts. A wide variety of local data can 

be collected and used for improvement, depending on the structures in place and the goals of the 

program. Most of the selected PhD granting institutions in the CSPCC project collected and 

reviewed data themselves (rather than rely on the university), which they used to appraise 

themselves of the current state of affairs and address any concerns (Zazkis & Nuñez, 2015). Note 

that the existence of data is not itself an impetus for change, but it can be leveraged as a tool for 

those working towards improvement (Daly, 2012). Continuously planning departments, those 

where the status quo includes tweaking the existing program to make it ever stronger and to 

respond to challenges in short order, develop efficient ways to collect and review relevant 

information and react. Attention to local data is important because without it, departments can 

only act on assumptions, feelings, and anecdotes and hence have no reliable way of evaluating 

either the status quo or an innovation. Zazkis and Nuñez (2015) note that local data can be used 

to build and share normative standards for grade distributions, pass rates, and persistence. 

Deviations can then be identified and diagnosed, especially when complementary and historical 

data records exist. While grade distributions and student evaluations of teachers and courses are 
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fairly easily obtained, these are coarse measures which gloss over many important features and 

are not wholly reliable. At the selected PhD institutions in the CSPCC study, more complex data 

such as persistence into subsequent courses, mid-term evaluations, faculty observations, and 

measuring particular learning outcomes were obtained and assessed to build a more 

comprehensive picture of the state of affairs (Zazkis & Nuñez, 2015). Of particular importance is 

how data is used. While the use of data to monitor and care for programs is promoted, 

connections between data sources, interpretation, and further action are not always clear to the 

people who have access (Apkarian, Kirin, Gehrtz, & Vroom, 2017). 

Based on the case study findings of the CSPCC, the PtC census survey included items 

about access, review, and use of local data to inform decision-making about the P2C2 program. 

Surprisingly, only 46% of participants reported that they have readily available access to local 

data to help inform decisions about their programs, while another 50% reported that they have 

access to data but it is not readily available. Of those with any access to data, a significant 

majority report that they regularly review student performance and student evaluations to inform 

program decisions; roughly half review placement recommendations, correlations between 

performance in subsequent courses, course taking patterns, and communication with client 

disciplines. Though attention to local data is a key part of understanding how a program is doing, 

only 40% of institutions considered it very important, and only 18% consider themselves very 

successful in monitoring their data (Apkarian & Kirin, 2017; Rasmussen et al., 2016). 

Placement systems. Effective procedures for placing students appropriately into their 

first P2C2 course (both initial placement and re-placing students after the term begins) play an 

important role in student success in Calculus 1, and are expected to affect success in the P2C2 

courses in general. Hsu and Bressoud (2015) note that discussion of placement systems is 
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sometimes framed narrowly as a discussion of the effectiveness of particular placement tests to 

determine which course a student should take, though it should be considered as part of a wider, 

institutional system to support student success. As in the CSPCC, the PtC project identified a 

wide range of systems in use for preliminary course recommendations, the majority of which are 

enforced during enrollment (Apkarian & Kirin, 2017).  

Research has described the advantages of different initial placement policies, 

recommending continual monitoring and adjusting using local data and the combination of 

multiple indicators (Hsu & Bressoud, 2015). However, the PtC study shows that somewhat 

irrespective of the placement exams being used, people are unhappy with the results. Only about 

half of institutions are satisfied with the effectiveness of their placement procedures, and about 

30% of institutions are planning or have recently implemented changes to their placement system 

(Rasmussen et al., 2016). Moreover, roughly 25% of institutions have a process in place to 

systematically revisit and adjust students’ placement into the P2C2 sequence after the term 

begin, not including the informal advising and/or petition processes available at most institutions 

(Apkarian & Kirin, 2017). It is suspected that these additional checks can reduce the incidence of 

the negative effects of being placed too low (e.g., disinterest, extended time to graduation) or too 

high (e.g., low grades, decreased confidence) which can lead to decisions to exit STEM tracks 

(Rasmussen et al., in press). 

Coordination systems. A coordination system for instruction is an approach to P2C2 

courses that (a) makes use of uniform course elements (e.g., textbook, exams); and (b) goes 

beyond those elements to include regular P2C2 instructor meetings in the development of de 

facto communities. Many universities have begun to coordinate their introductory mathematics 

courses to handle multiple sections of the same course, a situation necessitated by the large 
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numbers of students now taking precalculus and single-variable calculus. Robust coordination 

systems consist of two major elements: uniform course elements (e.g., common text; exams) and 

regular instructor meetings. These regular meetings can have the effect of turning calculus 

instruction into a joint enterprise, potentially engendering a community of practice (Rasmussen 

& Ellis, 2015). Many calls for improvement hint at the need for collaborative work to improve 

the situation in undergraduate mathematics: “all faculty, including tenure-track faculty and the 

teaching/pedagogy faculty, should engage collaboratively in undergraduate curriculum and 

teaching reform” (TPSEMath, 2015, p. 10). Coordination systems provide a venue for this 

collaboration to take place. Of particular importance are those who act as leaders (formally 

and/or informally) within these coordination systems – these people have the potential to 

influence and “nudge” instructors towards improving their practice (Rasmussen & Ellis, 2015). 

The PtC census survey asked participants about uniform course components and regular 

instructor meetings. Table 2.1 shows how participants rated each in terms of how important they 

believe it is for having a successful precalculus/calculus program and how successful they 

believe they are at implementation. Success and importance ratings are roughly equivalent for 

each feature, especially as compared to some of the other items. One note is that more 

institutions consider themselves “very successful” with uniform course elements than consider 

them “very important,” indicating the relative ease of having the same syllabus, textbook, etc. 

across sections. However, while Rasmussen and Ellis (2015) indicate the importance of regular 

instructor meetings, less than 30% of all institutions consider those meetings to be very 

important and just over 20% indicate that they are very successful at having them.  
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Table 2.1. Importance and success as reported by survey participants in the PtC survey (Apkarian & Kirin, 2017; 

Rasmussen et al., 2016). 

  Uniform course elements Regular instructor meetings 

Importance Very 55.3% 27.4% 

Somewhat 38.4% 51.1% 

Not 6.4% 21.5% 

Success Very 62.4% 21.5% 

Somewhat 35.2% 50.3% 

Not 2.4% 28.2% 

 

Reports of uniform course elements and regular meetings vary somewhat by course level. 

Over 90% of departments use a common textbook and cover consistent sets topics in P2C2 

courses; a common final is used in 52% of Precalculus courses, 47% of Calculus 1 courses, and 

38% of Calculus 2 courses; instructional approach is consistent across sections for 31% of 

Precalculus courses, 17% of Calculus 1 courses, and 13% of Calculus 2 courses. Across the 

P2C2 sequence, there are weekly or biweekly instructor meetings for 22% of Precalculus, 

Calculus 1, and Calculus 2 courses. The proportion of courses with no instructor meetings during 

the term is 25% in Precalculus, 70% of Calculus 1, and 79% of Calculus 2 courses.  

Challenging and engaging content. A popular, though misinformed, view of 

undergraduate mathematics improvement effort is that improving student success means making 

courses easier. In fact, research shows that courses which are intellectually stimulating and 

provide opportunities for students to engage in the mathematics are central to learning and 

retention (Kuh, Kinzie, Schuh, & Whitt, 2010). This is supported by the CSPCC study, and was 

expressed not only by faculty and administrators, but by students as well. Being academically 

challenged by courses along with instructors that support the importance and relevance of the 

mathematics being studied appear to motivate students to apply themselves, engage with the 

subject matter, and actually relates to positive changes in students’ attitudes toward the discipline 

(Bressoud & Rasmussen, 2015; Mesa & White, 2015). Assessing the extent to which courses 
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challenge and engage students with mathematics is difficult without being in the classroom, and 

so the PtC census survey cannot shed much light on the current state of P2C2 courses across the 

country. However we do know from the PtC survey that 45% of institutions identify challenging 

and engaging courses as very important to a P2C2 program, and 40% consider themselves very 

successful at implementing such courses (Apkarian & Kirin, 2017; Rasmussen et al., 2016). 

Student-centered pedagogy. The use of student-centered pedagogies, including active 

learning strategies, has widely been shown to benefit students’ conceptual understanding and 

persistence in undergraduate STEM courses, and to decrease achievement gaps between 

demographic groups (S. Freeman et al., 2014; Kogan & Laursen, 2014). A set of characteristics 

consistent with student-centered learning – including the use of group projects, including 

unfamiliar problems in assignments, requiring explanations for responses, and decreased weight 

on lecture-based instructions – have been shown to be correlated with each other and present at 

many of the selected CSPCC institutions (Larsen, Glover, & Melhuish, 2015). This type of 

instruction is designed to meet the learning goals set out by the National Research Council in 

2001, including conceptual understanding, adaptive reasoning, and productive dispositions. It 

should be noted that many challenges that exist for instructors who aim to teach using student-

centered methods – they are unlikely to have experienced anything but lecture-oriented classes, 

they must interact and react to their students’ thinking in the moment, and they must do this in 

environments which are not always encouraging (Larsen et al., 2015). In addition, when 

implemented without a strong understanding of the underlying principles and techniques, the 

benefits are not always realized (T. M. Andrews et al., 2011; Nathan, Koedinger, & Alibali, 

2001). Despite these difficulties, the benefits of active learning done properly are significant and 

warrant inclusion in more courses. 
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This idea is echoed by mathematics departments, accompanied by the same concerns. 

The PtC census survey revealed that only 9% of respondents said that active learning is not an 

important part of a successful P2C2 program, the others being roughly split between “very” and 

“somewhat.” Furthermore, while the majority of mainstream P2C2 courses are taught in a 

traditional lecture format, 45% of surveyed institutions have at least one course where active 

learning is used in regular class meetings and/or recitation sections (Apkarian & Kirin, 2017; 

Rasmussen et al., 2016). However, the challenge of implementing active learning is evident in 

the fact that only 15% of participants consider their P2C2 program to be “very” successful in 

implementing active learning strategies. Discussions with those in mathematics departments 

reveal a host of concerns related to implementing student-centered pedagogy: how to start, how 

to convince others, how to continue, how to measure outcomes, and so on (Apkarian et al., 

2017).  

Teaching development programs. Robust teaching development programs for 

instructors, and particularly for graduate student teaching assistants (GTAs) support instruction 

in ways that benefit students. This section discusses GTA preparation programs, though 

professional development can benefit instructors regardless of their titled position, because they 

are fairly common at institutions with graduate students (such as LSU), and most GTAs have 

little experience as instructors prior to their appointment in a mathematics department. The 

CSPCC study revealed three models of GTA preparation programs found among the selected 

institutions: the apprenticeship model, the coordinated-innovation model, and the peer mentor 

model; each with an individual guiding philosophy and structure (Ellis, 2015). All of these 

models functioned within a coordination system and involved support throughout the semester, 

rather than being only a pre-term orientation. Extended and robust support for GTAs served to 
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control certain aspects of instruction and offload some elements of teaching (e.g., creating 

homework problems, grading policies) and focus on others. This benefits the GTAs by helping 

them succeed in the classroom and develop teaching skills without being overwhelmed, and to 

begin preparing them for their (potential) future role as full instructors. Students also benefit 

from these programs, because GTAs can dedicate more time and energy to their classroom 

interactions, and supervisors and/or peers act as checks to ensure that students’ needs are 

addressed (Ellis, 2015). 

The PtC project followed up with these findings in their census survey, finding that 83% 

of PhD-granting programs and 47% of MA-granting programs have required, department-run 

GTA teaching preparation programs – the discrepancy likely due to the availability of graduate 

students (Apkarian & Kirin, 2017). The survey data revealed nine program models, varying in 

the level of interaction and activities that are part of the GTA experience. The majority of 

programs fell into the middle categories, with middling levels of interaction and variety of 

activities (Bragdon et al., 2016). The majority of institutions reported being satisfied with their 

preparation programs, that their GTAs are adequately-to-well prepared for their roles in the P2C2 

course sequence, and that they are somewhat successful with this feature.  

Academic and social supports. Student support services (e.g., tutoring centers, services 

for first-generation students, orientation, peer learning communities) can support students both 

academically and socially, when implemented carefully (Johnson & Hanson, 2015; Tinto, 2006). 

Research has shown that students have better success when they are integrated into a social and 

academic community, affording rich interactions both between peers and between students and 

faculty (Tinto, 1998). In addition to the instructor in the classroom, five types of support with 

major potential were identified in the CSPCC study: tutoring centers, office hours, freshman 
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orientation, and first-year experience programs. While all were designed to support students’ 

academic success, the CSPCC project discovered that students valued the social aspect as well – 

these structures provided the opportunity for interaction with peers and instructors in less 

intimidating settings than the classroom – and these social and academic communities supported 

students’ success in their first year (Johnson & Hanson, 2015). 

In light of the CSPCC findings related to student support services, the PtC census survey 

inquired about these supports at institutions that offer graduate degrees in mathematics across the 

country. Almost all participating institutions have a tutoring center, and 36% reported a 

department-run tutoring center aimed specifically at students in their P2C2 courses. Of course 

these centers offer tutoring services by graduate and undergraduate students, and 27% also offer 

tutoring by mathematics faculty. Many institutions have space in the mathematics department for 

students to gather, optional supplemental instruction, study groups arranged outside the 

department, and online resources for content review. While 46% of PhD-granting institutions 

report offering practice exams, only 13% of MA-granting institutions do the same, the only 

resource where such a discrepancy was present. Roughly 30% of institutions have resources 

specifically for at-risk groups, but information about what these resources are was patchy in the 

survey responses. While the majority of participants indicate that they are generally satisfied 

with their tutoring center, and are not planning any significant changes, it is unclear how these 

centers are assessed (Apkarian & Kirin, 2017). A recent conference of 108 people representing 

55 institutions provided evidence that, while there is a general understanding that ensuring 

students leverage available resources is crucial (consistent with Johnson & Hanson, 2015 and 

Tinto, 2006), there are not clear principles for assessing the extent to which these resources are 

actually being used, nor how effective their use is (Apkarian et al., 2017). 
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Change in Theory & Practice 

As noted previously, institutions of higher education find themselves at a time where 

change is needed, and as always, complex (Kezar, 2014b). While institutions have made many 

attempts to respond to these pressures and make changes, the failure rate of change initiatives in 

organizations is estimated to be between 60% and 90% (Burnes, 2011). To better understand 

why this is, and to avoid future missteps, it is important to consider the research literature 

regarding change. This section will provide a brief overview of some schools of thought 

regarding change, which can be used both to analyze change processes in situ or to plan for 

future changes. The main utility of this overview is to characterize the change processes 

happening at LSU as well as assumptions about change being made by the change agents. 

Change agents, those who can and do provide the impetus for change, are crucial actors for study 

– their decisions and leadership qualities can have drastic effects on outcomes (Carter, 

DeChurch, Braun, & Contractor, 2015; Kezar, 2014b). 

Why Change Fails  

The failure rate of change efforts is frequently cited as 70%, though this figure is debated 

and some question whether such a rate makes sense to calculate at all – considering that change 

is highly contextual, occurs on vastly different scales, is difficult to measure, and is frequently 

ambiguous (Hughes, 2011). But not all change efforts meet their goals, and it is a problem that 

organizational science seeks to address (Burnes, 2011). Those who have reviewed the literature 

point to a set of factors that coincide with change failures, and urge change agents to pay special 

attention to these ideas. The macro issues associated with change initiatives that have failed seem 

to be largely centered around a lack of attention to research literature regarding the process of 

change. Many change agents and leaders ignore change processes entirely, or use simplistic 
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models that do not adequately account for the complex and messy nature of change (Kezar, 

2014b; Reinholz & Apkarian, 2018). In particular, though literature highlights the contextual 

nature of change, there is widespread lack of attention to the context in which change is intended, 

including the local culture, existing resources including people, (Corbo et al., 2015; Henderson et 

al., 2011; Kezar, 2014b), and organizational readiness (V. S. Lee et al., 2007).  

While much of the research literature points to poor planning practices at the start of 

change initiatives, there are also problems with the enactment of change. McClellan (2011) 

points to lack of open and multi-lateral communication during the process as a major point of 

failure in a particular college change initiative, and argues that the concern transfers to other 

contexts. He takes a discourse-power perspective to suggest that change often fails when the 

dominant discourse suppresses conflicting views of the organization rather than engaging with 

them. His thesis is that open discursive spaces support meaningful change, and “conflictual 

conversations about a variety of organizational futures might better enable sustained 

organizational change practices” (McClellan, 2011, p. 465). This is a take on the importance of 

the living, breathing context in which change occurs, as it is attempted, and so adds nuance to the 

context which is accepted by many as important (Corbo et al., 2015; Henderson et al., 2011; 

Kezar, 2014b). His view of communication as a process which creates, maintains, and changes 

understandings of an organization ties in closely with theories of learning which view meaning 

as negotiated through social and community interactions, a position this study maintains 

throughout (Brown, Collins, & Duguid, 1989; Brown & Duguid, 1991; Cobb & Yackel, 1996; 

Forman, 2003; McClellan, 2011). 

Having briefly reviewed some of the concerns related to the failure of change, and in 

particular the lack of attention paid to theory, I next explore some of the theories of how change 
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works, which can be used by change agents to support their work. The tactics and roles for 

change agents will be revisited later, following a discussion of leadership. 

Approaches to Change: Theory 

Before delving into various approaches to change, I pause to discuss a few types of 

change in organizations. Adaptation is used to refer to a response to external forces; isomorphism 

is the (usually slow and unintentional) change of practice to mimic that of others; and innovation 

is the implementation of new programs (Kezar, 2014b). In this sense, “innovation” does not 

necessarily refer to practices that are revolutionary in the grand scheme of things, but simply 

those that have not previously been present in this context. While many changes are consciously 

or unconsciously intended to improve some aspect of an organization, there can always be 

unintended consequences. This study is centered around innovations in a mathematics 

department, but will attend to instances of isomorphism and adaptation as they occur. 

Schools of thought related to change can be distinguished by their assumptions about 

why change occurs, the process of change, and the outcomes of change, assumptions which are 

further compounded in tactical recommendations for enacting change. Some of these key 

features are identified in Table 2.2. Other important distinctions exist, but these are among the 

most prominent. 
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Table 2.2. Selected features from six change perspectives (Corbo et al., 2015; Kezar, 2014b, pp. 24–25) 

 Why change? Process 
Outcomes 

(New) 
Tactics 

Scientific 

Management 

Leaders or 

internal 

environment 

Rational and 

linear 

Structures and 

principles 

Develop 

infrastructures; use 

incentives 

Evolutionary 
External 

environment 

Slow adaptation; 

non-intentional 

Structures & 

processes 

Create nimble and 

flexible 

infrastructure 

Political 
Tension of 

values or norms 

Negotiation and 

power 

Organizational 

ideology 

Create coalitions; 

develop common 

vision; negotiate 

Social 

Cognition 

Cognitive 

dissonance 

Learning; 

altering 

paradigm; 

complex 

Frame of mind 

Create data teams; 

enhance system 

thinking & 

interaction 

Cultural 

Alterations in 

human 

environment 

Long-term; non-

linear; 

unpredictable 

Culture 

Appeal to values; 

shift underlying 

culture 

Institutional 

External 

pressures & 

internal norms 

Exchange of 

norms and 

schemas 

Schema and 

norms 

Leverage existing 

internal and external 

structures 

 

At first blush this range of categories, which share the idea that the outcomes of change 

are something new (but not the identity of that “something”), might beget a feeling of despair for 

those contemplating change. However, closer inspection reveals that these ideas are not in direct 

conflict, but rather describe different aspects of change. Thus, the educated change agent may 

pull from more than one theory without conflating assumptions, as evidenced by Corbo and 

colleagues’ work at CU-Boulder (2015). In fact, this may be an advisable approach. The 

following paragraphs explore these six perspectives and give examples of change in higher 

education that is commensurate with each. 

Scientific management. Theories within the scientific management perspective 

emphasize top-down changes led in purposeful ways by leaders with strong agency who have 

identified problems and their solutions. This approach requires that members of the community 
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be willing to defer to the recommendations of a superior, who may provide incentives or training 

(Corbo et al., 2015; Kezar, 2014b). Due in part to the diffuse power structures at universities and 

inattention to the culture and community within a department, these change approaches have not 

enjoyed great success with major efforts. However, scientific management theories do lay out 

some of the potential actions leaders can take, for example developing structures and incentives 

(e.g., revisions to promotion and tenure guidelines) that may support faculty transition to 

innovative teaching (Corbo et al., 2015; Seymour, 2001). 

Evolutionary. Theories within the evolutionary perspective deemphasize human control 

in initiating change, focusing instead on unplanned, but necessary, adaptions in response to 

pressure from external factors. This perspective recognizes organizations to be complex systems 

of interrelated parts, and suggests that, since organizations function best when all elements of the 

system are aligned, efforts that target isolated components are unlikely to result in productive 

change. While evolutionary change theories suggest that the ultimate result of change processes 

are somewhat unpredictable, as they respond to external factors, but they can be guided. From 

this perspective, the importance of aligning course content, goals, assessments, pedagogy, and 

rewards structures is made clear – and these must be addressed in separate, but coordinated, 

efforts (Corbo et al., 2015; Kezar, 2014b; Seymour, 2001). 

Political. Theories of change within the political perspective emphasize grassroots, 

collective action for bottom-up change that often centers around shifts in power. While 

acknowledging that the political groups and power dynamics vary in different contexts, this 

perspective supposes that its Hegelian-Marxist theories transcend context. Generally, the change 

process is described as occurring in fits and starts, as coalitions develop, build agendas, gather 

strength, and when they have enough support from the masses radical change can occur. When 
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considering institutional change at the university level, this perspective predicts that small groups 

of like-minded individuals with goals in mind can slowly build support which eventually leads to 

watershed developments. While these groups can be seeded by individuals, it takes a larger 

contingent to overturn the status quo (Corbo et al., 2015; Kezar, 2014b; Seymour, 2001). 

Social cognition. The essence of change theories in the social cognition perspective is 

that “change can be best understood and enacted through individuals and their thought 

processes” (Kezar, 2014b, p. 29). As such, these theories focus on learning as a path to change 

when it results in altered paradigms and lenses. They argue that people’s behavior (e.g., 

instructional practice) hinge on their understanding of the world, and so resistance to change 

often comes from lack of understanding and cognitive dissonance, an inability to reconcile 

changes with their world view. The common model of dissemination, that good ideas supported 

by good evidence will spread naturally, is linked to these theories but neglects the distinction 

between first-order and second-order changes. First-order changes, those that improve and tweak 

existing structures, are possible through this model; second-order changes, those that overhaul or 

replace existing structures are much less likely without concerted effort. In practice, this means 

that individual and shared knowledge and perceptions are important prerequisites for change, but 

not always enough to make a real change happen (Corbo et al., 2015; Kezar, 2014b; Seymour, 

2001). 

Cultural. Theories within the cultural perspective consider organizational change as the 

fallout from cultural change, when beliefs, values, and practices transform. The changes that 

occur are not always predictable, and cultural change can have unintended or surprising 

consequences. These social movements can result in major, second-order change, but this tends 

to be a slow, unguided process that is often overlooked. While the cultural perspective shares 



 

29 

many features with social cognition, it focuses more on communal change than that of 

individuals. This perspective informs higher education changes by indicating that cultural shifts, 

such as increased valuation of teaching, are prerequisites for fundamental changes in practice 

(Corbo et al., 2015; Kezar, 2014b; Seymour, 2001). 

Institutional. The institutional perspective combines elements of several other 

perspectives, emphasizing the role of external institutions in tandem with internal norms and 

values. Isomorphic change, the slow process of institutions becoming more alike, is a clear 

example of institutional change perspectives. Internal values of legitimacy among external peers 

as gauged by professional societies or accreditors drive institutions to conform to standards 

regardless of their actual effect. As these changes are rooted in the external environment, they 

are often unplanned, perhaps undesired, and somewhat out of the control of individual members 

of the institution itself. In practice, this means that if external organizations (e.g., those providing 

student aid money) have criteria that is at odds with a university’s mission, the mission may slip 

away. This can also be seen as a department coming under pressure from the college or 

university it is housed in. Uncomfortable as it may be, this perspective implies that external 

values restrict the potential for an organization to change (Corbo et al., 2015; Kezar, 2014b; 

Seymour, 2001). 

Approaches to Change: Prior Practice 

Henderson and colleagues (2011) conducted a review of 191 conceptual and empirical 

journal articles related to promoting instructional change in undergraduate STEM courses, in an 

attempt to understand what change looks like in this context. They identified four main 

categories for classifying these efforts, differing across two dimension: aspect of system to be 

changed (individual(s) or environment/structures) and intended outcome (prescribed or 
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emergent). Most articles fell into a single category, and while most articles claimed success the 

authors concluded that only 21% of the reviewed articles presented strong evidence to 

substantiate those claims. The table below gives a brief description of the four major change 

categories, each with two named strategies that fall within that category. Each of the 191 articles 

which were reviewed were assigned a primary change category: 30% disseminating curriculum 

and pedagogy, 34% developing reflective teachers, 28% enacting policy, and 8% developing 

shared vision. Only 28 articles required a secondary change categorization, mainly dissemination 

strategies that also involved developing reflective teachers or enacting policy (Henderson et al., 

2011). 

Table 2.3. Four categories of change strategies in practice (Borrego & Henderson, 2014, p. 224; Henderson et al., 

2011, p. 961). 
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I. Disseminating:  

Curriculum & pedagogy 

 

Tell/teach people about new 

conceptions/practices and encourage 

their use 

 

Diffusion 

Implementation 

II. Developing: 

Reflective teachers 

 

Encourage/support individuals to develop 

new conceptions/practices 

 

Scholarly teaching 

Faculty learning communities 
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III. Enacting:  

Policy 

 

Enact new environmental features 

that require/encourage new 

conceptions/practices 

 

Quality assurance 

Organizational Development 

IV. Developing: 

Shared vision 

 

Empower/support stakeholders to 

collectively develop environmental 

features that encourage new 

conceptions/practice 

 

Learning organizations 

Complexity leadership 

  Prescribed Emergent 

  Intended Outcome 

 

There is often a gap between theory and practice, and such is the case when we consider 

Henderson et al.’s (Borrego & Henderson, 2014; Henderson et al., 2011) four categories in light 
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of Kezar’s six perspectives: only a subset of change perspectives is represented, indicating an 

incomplete use of theories to inform practice. Kezar’s (2014b) recommendation to consider 

multiple change perspectives and how they inform an initiative makes it of some interest to 

investigate which theories seem to be leveraged and which do not – especially since there is not 

much evidence of success in the reviewed articles. To begin with, all of the papers reviewed by 

Henderson and colleagues deal with intended changes, disseminating, developing, or enacting, 

meaning that there is essentially no overlap between the quadrants and the evolutionary or 

institutional perspectives on change. Roughly 58% of the articles reviewed had prescribed 

outcomes (disseminating or enacting), while only one theoretical perspective does: scientific 

management. The political, cultural, and social cognition change perspectives all treat with 

intended, though emergent change, as do the two developing categories. Henderson and 

colleagues divide these categories based on the aspect of the system to be changed, but this 

distinction is not so clear with regard to the perspectives. The political and cultural perspectives 

are somewhat aligned with changes to environment and structure, but the lines are somewhat 

blurry. This blurring comes from the difficulty in distinguishing the nature of “culture” and 

“ideology” as changes to structure OR individuals, rather than both. Social cognition is more 

aligned to changes for individuals, in particular with faculty learning communities, and is the 

strongest connection between the two taxonomies (Borrego & Henderson, 2014; Henderson et 

al., 2011; Kezar, 2014b). Despite these differences, however, the authors of the six perspectives 

and the four quadrants agree that considering or designing a particular change from multiple 

angles is the desired approach. 

The gap between theory and practice as presented here is likely the result of a 

combination of factors. One is that the four categories come from a grounded approach to 
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investigating literature, which reports on particular measured outcomes. That is, it is entirely 

possible that there have been cultural shifts associated with a change in curriculum, but if that 

was not measured or reported, it does not show up in the main categorizations. This relates also 

to the exclusion of evolutionary and institutional change perspectives – empirical studies of 

change look at intended outcomes, and calling an unintentional shift “successful” is not an 

appropriate identification – thus any paper looking at evolutionary change would not have been 

part of the literature review.  

Another factor is the climate of funding agencies, who have supported much of the work 

the authors reviewed. For example, the 2009 CCLI program solicitation from the NSF Division 

of Undergraduate Education prioritized work aiming to design and implement research-based 

curricula and/or teaching practice (as opposed to developing shared vision or shifting 

departmental ideology). These guidelines are aligned with the “diffusion of innovations” model 

of change, though it seems that even this theory was not used in its entirety: the social system 

and communication channels are critical pieces of Rogers’ (2003) theory that do not seem to 

have been fully attended to. Of course there is also the consideration of time: grant-based 

initiatives usually have 2-3 years to run, and change can take time – cultural and ideological 

shifts may not be measurable, or even possible, in that length of time and so are less likely to be 

attempted in contexts where resources are scarce.  

While plausible and justifiable reasons exist for the incomplete use of theory to inform 

practice, and it would take another major literature review to clarify the true extent of the 

mismatch, both Kezar and the Henderson groups give similar advice: mix strategies when 

planning for change. Limiting an effort to one change category or one perspective, especially in 

the early stages of considering goals and tactics, may overlook critical elements of the context 
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and the interrelated nature of people and their environment (Borrego & Henderson, 2014; 

Henderson et al., 2011; Kezar, 2014b). To understand the phenomena of change in practice will 

require more work studying change efforts, their successes and failures, underlying causes, and 

how different components of change (intended or otherwise) unfold and interact. 

Department as Unit for Change 

In this study, I investigate an improvement effort intended to affect a department, and so 

the department is a natural choice of unit for analysis. However, there are many reasons to 

believe that the department is, in fact, an appropriate and productive unit for change. The 

academic department is one of the building blocks of colleges and universities, their structure is 

endemic to institutions of higher education, they represent a connection between universities and 

subject disciplines, they are a means by which students are introduced and socialized into 

disciplines (J. J. Lee, 2007; V. S. Lee et al., 2007), and they retain the majority control over how 

courses are designed and delivered to students (Quardokus & Henderson, 2015).  

There are many calls for a focus on departments as a unit for change and funding 

opportunities are available for such initiatives (AAAS, 2009; AACU, 2014; CBMS, 2016; 

National Research Council, 1999; Saxe & Braddy, 2015; TPSEMath, 2015). However, there are 

also many programs which focus on supporting individual instructors and developing cohort 

networks (e.g., Project NExT, https://www.maa.org/programs-and-communities/professional-

development/project-next; TIMES, http://times.math.vt.edu/). These go beyond dissemination 

strategies and aim to develop reflective teachers, but concerns exist about the extent to which 

members can change within the situational context of their home institutions (Henderson & 

Dancy, 2007). Thus, change at the department level is likely necessary to support the widespread 

evolution of instructional strategies across the country. 
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While departmental and institutional structure vary across colleges and universities, the 

existence of discipline-based subunits is common. This means that lessons learned about 

departmental change may transfer more readily between institutions of higher education than 

insights into individual change. Their connection between institution and discipline means that 

members of departments influence not only their institution, but the wider conversation about 

what their discipline looks like. As departments are primarily responsible for bringing students 

into the mathematics community, the overall culture and values of its members and their 

community are important for students feeling that they belong in mathematics or not – and this is 

not exclusively an issue of individual faculty members but the department as a whole. 

Departments’ relative autonomy means that, to a certain extent, they are able to make changes of 

their own volition. Administrative oversight is of course present in planning, hiring, and firing, 

but the design of each course is not usually set down from on high – people in the department are 

able to make decisions about text, content, activities, pedagogy, and so on. In most STEM 

disciplines, and mathematics in particular, many courses build on each other to form sequences. 

Targeting individual faculty may interrupt the sequential structure, and targeting the university or 

discipline as a whole is too broad to attend to these details. The department thus represents a 

mid-level structure within larger systems – not too narrow or too broad – which can react and 

consider structures above and below it to enact meaningful change. 

The change theories outlined previously can inform departmental change as well as other 

forms of organization. Scientific management and social cognition theories are somewhat 

context independent and point to the importance of understanding the power hierarchies in the 

department and institution, as well as the views of individual department members. Political 

theories are also somewhat context independent, but point to the power of factions which may be 
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represented by faculty in different positions or divisions, and recommend identifying the power 

struggles at play between different communities within the department. The evolutionary 

perspective calls for the consideration of pressures exerted by the institution, funding agencies, 

and mathematics societies as part of the systems approach to understanding what restrictions and 

factors a mathematics department must contend with. Cultural theories demand an understanding 

of the local culture at multiple levels, including the values of the department community and 

indicate that culture must shift before practice. Institutional theories consider the relationship 

between departmental culture (values, beliefs, practices) and pressures from external 

environments. Each perspective on change, then, highlights particular aspects of the system of a 

department, and none preclude considering the department as an organization for study. 

Lessons from this Literature 

The literature reviewed thus far in this section about departmental change is some of the 

most widely read. However, much of it comes from a posteriori analyses of instances of change 

and does not provide much in the way of practical guidance – in part because it conveys that 

change comes in all shapes and sizes, and every context is different, so there is no one right way 

to approach change successfully. Instead, the reader comes away with valuable abstract lessons 

and principled advice.  

Perhaps the most important lesson is to consider the nature of the change being 

attempted. This is not the same as identifying targets for change, but considers the aspect(s) of 

the department or its members that will need to become different. For example, decreasing class 

sizes might require hiring more instructors, requiring resources from administrators, requiring 

the institution to value smaller classes; changing the instructional style of faculty will require 

considered professional development, which might require changing departmental priorities and 
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criteria for tenure and promotion. Another lesson is the importance of assessing the context. This 

study focuses on department-level changes, but the context of a change effort is more nuanced 

than this. One must consider the culture of the department, the culture of the institution, the 

resources available, and the human and social capital available within the community. Once the 

starting point and the nature of change have been clearly outlined, a change program can begin to 

develop.  

Exactly how such a change program should be developed, however, is not clear from this 

literature review. Rather, one implication from this review is that a change agent must carefully 

analyze their context, situation, culture, and resources, and then comb through the literature for 

the most related examples and suggestions. This seems a tall order for many change agents, who 

are not always versed in educational or organizational literature, and often do not know where to 

find such literature – let alone have enough time or resources to access and digest that literature 

(Apkarian et al., 2017). The next section presents a new spin on an organizational change theory 

which brings together the principles from this section in order to present actionable steps for 

change that address departmental culture. 

Culture and Change: An Approach in Four Frames 

The previous section repeatedly used the word culture, as does the literature it reviews, 

without providing a concrete definition. This is problematic, as varying personal definitions and 

folk operationalization of culture may lead to vastly different foci for change agents in different 

contexts – especially if they are themselves embedded in the culture (Schein, 2010). Reinholz 

and Apkarian (2018) adapted the four-frame model of organizational culture from Bolman and 

Deal’s (2008) work in business. The four frames are structures, symbols, people, and power, and 

it is their interrelationship and evolution which together define culture. More specifically, they 
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state that “culture is a historical and evolving set of structures and symbols and the resulting 

power relationships between people” (Reinholz & Apkarian, 2018, p. 3). This approach to 

understanding culture, defined forthwith, is the basis for the analysis of departmental change in 

Chapter 5:. Note that culture is not a static object, but an evolving one, and that these four frames 

speak to both products of change (i.e., what may change) and processes of change (i.e., how 

things change). 

Structures 

Reinholz and Apkarian define structures as the “roles, responsibilities, practices, routines, 

and incentives that organize how people interact” in a department (2018, p. 3). These structures 

are manifested, in departmental and academic context, in formal titles and roles, meeting 

structures, rules and regulations, course structure, institutional programs, and so on. These are 

aligned with Schein’s first hierarchical level of organizational culture, which he calls artifacts: 

things that are seen and heard when interacting with a group (Schein, 2010).  

Many change initiatives include structures as their targets of change. As such, Table 2.3, 

which categorizes existing change initiatives from the literature, includes this as one of the 

determining axes of their categorical quadrants (Henderson et al., 2011); these are also the 

explicit outcomes of some of the categories of change shown in Table 2.2 (Kezar, 2014b). 

However, structures may depend on one another, and a disparate set of structures may work 

against each other. Thus, it is best for a change initiative to focus first on broad, positive 

outcomes to be achieved, and then design structures which together work toward those outcomes 

(Elrod & Kezar, 2016; Reinholz & Apkarian, 2018). 

Structures are relatively easy to identify, which makes them fairly easy to discuss and 

target for improvement or change. There is also the risk of attending only to structures as the 
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targets of a change initiative without considering the surrounding context and how people’s 

attitudes affect the enactment of those structures. For example, there may be discrepancies 

between curricula as intended and as enacted (Charalambous & Hill, 2012; Duncan & Hmelo-

Silver, 2009; Kurz, 2011); and the use of “active learning” strategies is not automatically 

supportive of student success (T. M. Andrews et al., 2011; Larsen et al., 2015; Speer & Wagner, 

2009). Thus it is important to consider the other three frames in addition to considering structures 

as part of departmental culture and change.  

Symbols 

Reinholz and Apkarian define symbols as the “cultural artifacts, language, knowledge, 

myths, values, and vision that department members use to guide their reasoning” (2018, p. 4). As 

with structures, there is a parallel of symbols in Schein’s work (Schein, 2010). He notes that 

artifacts (structures) are easily identifiable, but their meaning, purpose, or value is usually 

unclear to an outside observer. It is the symbolic lens which focuses on that meaning and value, 

privileging the enactment of structures over their existence. Schein’s second (espoused beliefs 

and values) and third (underlying assumptions) levels of culture both fit within this frame of 

symbols, as operationalized here (Bolman & Deal, 2008; Reinholz & Apkarian, 2018). 

The previously reviewed literature’s appeals to consider “culture” when enacting or 

evaluating change may well be referring to aspects of this frame. Reinholz and Apkarian (2018) 

present the example of department meetings as a way to consider the impact of symbols on 

structures. Consider one department where department meetings are viewed and valued as a way 

for department members to discuss pertinent issues, collaborate on new ideas, and vote 

collectively on decisions. In another department, these meetings act as a mechanism for 

department administration to communicate new regulations and for committee representatives to 
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present reports of decisions already made. Though both departments have the structure of 

department meetings, their enactment is quite different – and this is related to the values of the 

group. 

To enact meaningful change, structural shifts should be accompanied by symbolic ones. 

New and evolving structures provide tangible items for conversation, and a change agent may 

guide those conversations in ways that promote desirable attitudes and values. For example, 

starting a discussion about the purpose of department meetings and suggesting a shift toward 

democratic discussion, with announcements relegated to email. The change process should also 

consider the existing symbolic frame of the department when making and sharing plans with its 

members. Both internal and external change agents should make a concerted effort to catalogue 

and consider the cultural artifacts, shared assumptions, and beliefs within a department and 

account for these. An initiative aimed at implementing active learning might be best served by 

bringing department members into an active classroom to see for themselves at one institution, at 

another it might be best to develop a reading group to share empirical research in mathematics 

education. 

The structures and symbols frames are referenced (though in different language) by much 

of the literature surrounding departmental and organizational change and culture. However, they 

do not as explicitly consider the role of the individual within the collective nor the power 

dynamics which position some individuals above others. The four-frames approach does just 

this. 

People 

The people frame emphasizes that departments are collections of people, who are 

individuals with their own “goals, agency, needs, and identities” (Reinholz & Apkarian, 2018, p. 
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4) which affect their priorities, level of engagement, and are not exactly aligned with the 

overarching symbols of the group. A change initiative which takes into account only common 

themes may meet with resistance or disinterest from individuals who feel that their specific goals 

are not addressed. For example, an instructor with a strong interest in educational technology or 

social justice might push back on an initiative that does not address those interests. 

Reinholz and Apkarian suggest that developing shared ownership of a new initiative 

supports individual agency within the department that can address the concerns of many and 

avoid some of the aforementioned pushback. To do so, change agents might convene a diverse 

committee to identify and discuss a wide range of goals and interests among department 

members. This group can then jointly make decisions about which avenues to pursue first, which 

to put off for a later time, and which to drop – but critically without ignoring any one voice. Not 

only can this prevent resistance by reducing the number of people who feel left out, the personal 

interest members develop in the success of the initiative can be highly motivational. 

Power 

When people are involved, power is always at play (Foucalt, 1977). The “power, status, 

positioning, and political coalitions” (Reinholz & Apkarian, 2018, p. 5) within a department are 

the fourth frame which contributes to departmental culture. The dynamics of power greatly affect 

decision-making and approval within any organization, and understanding them is key for 

understanding overall departmental function. As a straightforward example, a change agent 

wishing to alter curriculum must know who has power in making that decision – this might be an 

individual with an official title (e.g., chair), a formal group of department members (e.g., 

curriculum committee), or the decision may lie in a full department vote. Whatever the case, 
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there are likely informal opinion leaders who hold sway regardless of their official roles (T. C. 

Andrews, Conaway, Zhao, & Dolan, 2016; Apkarian & Rasmussen, 2017; Carter et al., 2015). 

Consideration of what new power structures develop through a change initiative can also 

support the reach and sustainability of that initiative. As noted by Reinholz and Apkarian, 

existing hierarchies have marginalized certain groups of people, in academia and beyond. These 

hierarchies can be disrupted during a time of upheaval, such that power becomes more equitably 

distributed.  

It is also important to understand the extra-departmental institutional hierarchy. This 

might include the extent to which department chairs have control of department matters or must 

answer to members of the dean’s office. The ever-present need for resources which can only be 

obtained via the administration should motivate the change agent to identify those with the 

power to grant those resources, and then work to gain their sanction. 

Summary of Frames 

These four frames contribute to an understanding of a department’s organizational 

culture, but they are not disjoint sets which add up to a whole. Rather, they are interlocking and 

linked perspectives which together contribute to a more complete picture. Individual’s goals and 

the department power hierarchy are likely to be related to official responsibilities within the 

structure of their roles and widespread beliefs about the value of those roles; people’s individual 

values and priorities are likely affected (in either direction) by shared symbols; pervasive 

attitudes as well as individual ones affect how each structure will be enacted and by whom. 

Suppose a change agent within a department wants to implement a more student-centered 

approach to teaching mathematics. This requires an understanding of current structures and the 

development of new ones (e.g., who teaches the target courses; a professional development 
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program). Successful implementation of active learning strategies requires more than simple 

training, it must be accompanied by a symbolic shift such that instructors value and are interested 

in students’ mathematical thinking (Rasmussen et al., 2017). If this is not the current status quo, 

it should be targeted by the change initiative. Doing so involves understanding what that status 

quo is, and working to change it. Understanding the department’s shared values (symbols) can 

support palatable messaging of the desired pedagogical shift. To support such an initiative, and 

the requisite structures, it will be necessary to garner support from the administration and from 

department members (power), especially those who will be most affected. Understanding these 

individual’s values (people), and including them at the discussion table, can further contribute to 

appropriate messaging and early on identify potential roadblocks to avoid. This may also serve to 

identify the types of data which are most likely to appeal to those in various positions of power, 

formal or informal, which can be used to demonstrate early wins and continued support. 

Reinholz and Apkarian provide examples of how the four frames approach can be used to 

characterize an individual department and/or change initiative. They also provide key questions 

for a change agent to consider about the development and sustainability of an initiative. While 

these authors are not alone in suggesting that success comes from addressing multiple elements 

of a department, the identification of four concrete areas to consider in a departmental context 

and how these aspects of culture can interact and determine the full culture of a department is 

defined more practically than in some other literature. 

Leadership 

While change is somewhat of a constant occurrence in life, often evolving organically 

and without guidance, this study focuses on intentional changes – change with a purpose. Such 

processes require leaders, change agents who purposefully set out to make a difference. The 
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success or failure of a change hinges not only on these leaders, of course, but their role as 

standard-bearer should not be overlooked. This section reviews literature on leadership as a 

relationship, as well as that on change agents and choice architects, to understand their role. 

In studying leaders within the change effort, I emphasize instructional leaders, whom I 

conceptualize as those with the ability to influence the practice of instructors in the classroom. 

This is a narrowing of the definition of organizational leadership presented by Carter and 

colleagues as “a process whereby individuals and/or groups are influenced to exert effort ‘over 

and above mechanical compliance with the routine directives of the organization’ (Katz & Kahn, 

1978, p. 528)” (Carter et al., 2015, p. 600). That influence may be explicit (e.g., providing 

advice) or implicit (e.g., conversation partners), and may relate to particular elements of a course 

(e.g., exams, homework) or be a more diffuse influence on general approach to instruction. 

Those in formal positions of leadership can certainly influence the choices others make. While in 

some organizations it is possible to mandate actions, instructors at institutions of higher 

education enjoy a remarkable amount of autonomy, in particular those with tenure. However, 

even those with complete independence can be nudged toward making certain decisions through 

careful presentation and implementation strategies. 

Leadership in and as Networks 

Leadership can (and has been) defined in many ways, in many contexts, and for many 

purposes. Carter and colleagues (2015) reviewed nearly a hundred years’ worth of leadership 

literature and found that while the definitions varied, they consistently emphasized it as having a 

relational, situated, and formal/informal nature. Relational means that leadership involves 

relationships between people: for someone to lead, their influence must be felt by others. 

Situated means that a person who leads in some situations may follow in others, it is not an 
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unchanging characteristic of an individual. A key element of the situational nature of leadership 

is that different characteristics and expertise have different value in different contexts – a person 

who is considered a leader in one domain (e.g., pedagogy) may not be seen as a leader in another 

domain (e.g., research). Research on departmental leadership has also indicated variation in 

effective leadership styles across institution types, cultures, and disciplines (Gibbs, Knapper, & 

Piccinin, 2008; Stark, Briggs, & Rowland-Poplawski, 2002). Finally, leadership involves formal 

and/or informal influence. That is, leadership can originate from positional power (e.g., manager, 

chairman), or from personal power (e.g., respect, trust), and the two are not exclusive (Carter et 

al., 2015). 

Carter et al.’s review of literature, and the resulting emphasis on the relational nature of 

leadership, led the authors to conclude that social network approaches are particularly well suited 

to the study of leadership. In particular, they identified three major ways that network literature 

treats leadership through a review of 142 articles published since 1999: leadership in networks, 

leadership as networks, and leadership in and as networks. They conclude that this third, 

combined approach is the soundest approach. In the first case, actors who function as leaders are 

identified independently, and the work focuses on their position within social networks (e.g., 

where does a department chair fit into the communication network). The second set of literature 

identifies leadership as a relation (e.g., who do you rely on for leadership?), and identifies 

leaders from an analysis of the network. The third set of literature, which was the sparsest and 

most recent, considers both leadership ties and social ties, combining theoretical foundations 

from both areas and providing a richer understanding of leadership emergence, evolution, and 

related outcomes (Carter et al., 2015). My study falls into this third area, as leadership ties (i.e., 

influence, advice) as well as social ties (i.e., discussion, friendship) will be investigated. While 
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the design of this study does not allow for good measurement of final outcomes from the change 

process, I will be able to consider certain outcomes with respect to the (potentially) shifting 

landscape of the department. 

Change Agents & Choice Architects 

The primary reason for the introduction of leadership literature to this study is in order to 

better understand the role of change agents, those who can or who attempt to create change. 

These are the people who design and attempt to implement change programs, and the relative 

success of the project can hinge on their actions before and during a change (Borrego & 

Henderson, 2014; Kezar, 2014b). After identifying a need for change, a change agent has the 

opportunity to read literature and theory related to change, design a change program based on 

that research and their targets, participate in the (attempted) implementation of the change 

program, then monitor and revise the plan as needed. This project identifies change agents in the 

LSU mathematics department for special study, with the intention of clarifying their intentions, 

actions, and reactions to the ongoing activity. 

Alongside designing the improvement effort, change agents at LSU are responsible for 

presenting the program to the department, generating buy-in, encouraging implementation of and 

adherence to the new systems, and making adjustments as needed. This process puts the change 

agents in the position of being choice architects, affecting the environment and context in which 

people make decisions (Thaler & Sunstein, 2009). Some of the pertinent decisions in this study 

are faculty choosing to alter their instruction to align with the new P2C2 program, choosing to 

support or resist the changes, choosing to teach P2C2 courses or not, and GTAs choosing to 

make a concerted effort in the active learning labs. The presentation of each element (e.g., 
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mandatory or optional; opt-in or opt-out; complex or simple) has the consequence of nudging 

people toward one action or another.  

The idea of nudging, increasing the chances of a certain decision being made, comes 

from the work of behavioral economists Thaler and Sunstein (2009). They describe how the 

moves of choice architects, those who organize the context of decision making, can strongly 

influence the actions of others without removing their ability to do make their own choices. The 

general principle they recommend is to make it easy for individuals to make “healthy” decisions, 

and more difficult (though not impossible) to select alternatives. This often comes in the form of 

setting desirable options as a default, providing feedback to choosers, mapping out courses of 

action, and providing information about others’ actions. Change agents may be able to increase 

the effectiveness of their efforts by using nudging principles and carefully architecting choices. 

A note of caution should be inserted: nudging implies that a choice architect gets to set the 

default – choice architects therefore are in a position to decide what the norms should be, and 

what makes for a healthy norm. A choice architect who is well versed in the relevant research 

literature, or who readily consults experts in designing choices, can support changes in line with 

research-based practices; one who does not may lead to the establishment of counterproductive 

norms. This idea of nudging is coherent with the third of Borrego and Henderson’s categories of 

strategies, which describes creating structures that require or encourage new conceptions and 

practices (Borrego & Henderson, 2014). 

The development of a coordination system for the P2C2 courses at LSU has created new 

positions where choice architecture is important. Course coordinators are now tasked with 

developing many of the shared elements of each course, but instructors still retain the ability to 

do as they please. The job description of course coordinator makes them especially well-situated 
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to nudge instructors toward particular instructional practices (Rasmussen & Ellis, 2015). If 

coordinators’ positional power is combined with personal power in the form of social capital, 

their potential to influence the status quo may be magnified even further, something which will 

be attended to in this study (Apkarian & Rasmussen, 2017).  

Communities (of Practice) 

In an attempt to avoid the oversights of earlier research regarding change, this study takes 

a keen interest in the local community within the department attempting change. To understand 

the community (or communities) present within the Department of Mathematics and Statistics at 

LSU, I use constructs related to a community of practice, a theory originally described by Lave 

and Wenger (1991) and revised and revisited over time (Hsu, 2004; Kezar & Gehrke, 2015; 

Wenger, 1998). The idea of communities of practice emerges from the theory that learning is 

socially constructed through practice, and so it is through social participation that people learn 

what they know and become who they are (Brown et al., 1989; Wenger, 1998). There is no 

reason to a priori assume that the department or any subset of it forms a community of practice, 

and in fact anecdotal evidence suggests it is not. Nevertheless, the language and constructs of 

communities of practice can be used to describe certain aspects of this group.  

Key Constructs 

Three dimensions of a community of practice (CoP) are mutual engagement, joint 

enterprise, and shared repertoire. As I present these features of CoPs, I will clarify how they may 

or may not apply to a mathematics department. 

Mutual engagement refers to the quantity and quality of interaction between members of 

the community, through which practice and meanings are negotiated and emerge. These 

interactions are key and distinguish a CoP from other collections of people – being “declared” a 
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member of a community does not equate to membership in a CoP. Engagement can be enabled 

through what Wenger refers to as community maintenance, a variety of strategies that support 

interaction, depending to a certain extent on the context. Mutual engagement also figures into the 

heterogeneity of a CoP, providing a way for cognition to be distributed and complementary 

while providing opportunities for varied resources to be accessible to all. In addition to some 

loose connection through a declared identity (e.g., working at the same office), members of a 

CoP share multiple non-instrumental relationships (e.g., friendship, trust, conflict) which are 

developed through this mutual engagement (Wenger, 1998). The extent to which mutual 

engagement exists in the LSU mathematics department is unknown. It is true that geographic 

proximity and similar roles in the institution have the potential to foster mutual engagement, but 

the relative autonomy with which faculty operate means that there can be no guarantee. This 

study will consider the social interactions of the department related to both instrumental (advice 

about teaching) and non-instrumental (friendship) ties using social network analysis, but the 

extent to which mutual engagement can be identified without lengthy observations is limited. 

Joint enterprise refers to the shared, negotiated goals of a CoP that drive their practice 

and present a common purpose. While communities often have explicit, stated goals, the actual 

instantiation of these goals may be quite different from external intentions (e.g., passing students 

vs. developing understanding). This joint enterprise is negotiated through mutual engagement 

within the CoP, and have indigenous purpose that is not controlled (though certainly affected) by 

the larger structures and institutions in which the CoP is embedded. Because the joint enterprise 

of a CoP has indigenous purpose that is not directly aligned with external management, it is a 

sense of mutual accountability and internal enforcement that makes people responsible for 

themselves and each other’s work toward the shared goals (Wenger, 1998). In a mathematics 
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department, there is certainly the potential for a joint enterprise to emerge. Universities set forth 

guidelines and targets, but these are not always in line with the ideas of the mathematics 

societies, not always practical, and often look different in practice. While assessing the validity 

of the term joint enterprise is difficult, this study does aim to better understand the true goals of 

the department, change effort, and how these may evolve over time through interactions. 

Shared repertoire refers to the specialized procedures, techniques, language, stories, and 

values of a CoP. This is often the most obvious aspect of a CoP, seen when members 

communicate, work, and react in coherent ways that are not always obvious to external 

observers. A shared repertoire emerges from a shared history of mutual engagement and 

negotiation, as people develop ways to communicate efficiently with each other while engaged in 

their practice. There is huge richness in the shared repertoire, which is not limited to language or 

actions, but includes attitudes and values. Ideas or phrases that might seem “simple” to an 

outsider can evoke entire episodes from the past or clusters of ideas and procedures. While the 

word “shared” in shared repertoire indicates that these meanings are agreed upon, the elements 

of a shared repertoire undergo continual negotiation by community members and so carry a 

certain level of ambiguity (Wenger, 1998). One might expect the mathematics department to 

have a shared repertoire, though this must be ascertained empirically. Certainly the department 

shares a history, and may have shared jargon and values which carry rich meanings. However, in 

considering Wenger’s  operationalization of these constructs, it seems possible that what 

repertoire is shared in the department may be part of CoPs of mathematicians (or subfields) 

rather than be exclusive to LSU. This study will consider the language used by participants in 

interviews and observations, and the extent to which cultural ideas are shared across the 

department. 
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Membership in a CoP is not an exclusive categorization, so people may be members of 

more than one community. This is an important characteristic to keep in mind when considering 

departments through a communities of practice lens, for the department marks the intersection of 

institution and discipline, and faculty are members of both (J. J. Lee, 2007). This overlap makes 

the identification of a CoP in the department a challenge – and points to the need to better 

understand how individuals function in and between communities. 

Individuals in the community 

When considering the individuals who make up a CoP, a major element to consider is 

their position in the community – here I will discuss position in terms of central, peripheral, and 

boundary actors. These same terms are used in social networks but with somewhat different 

meanings. Here I focus on these ideas as found in situated and social theories of learning and 

doing (Brown et al., 1989; Brown & Duguid, 1991; Wenger, 1998). 

Membership in a CoP occurs through a process of enculturation into the practice, as 

newcomers move from external positions to the periphery, and then inward to the center (Brown 

et al., 1989; Wenger, 1998). Peripheral members (e.g., apprentices, newcomers) do not have the 

shared history of mutual engagement with the rest of the community in order to fully participate 

in the joint enterprise, but by modeling elements of the practice of others they can begin to 

participate in legitimate ways and develop a sense of belonging. As they continue to participate 

in legitimate ways, they become legitimate members of the community, engaging in the 

negotiation process that develops the nature of the practice, joint enterprise, and shared repertoire 

(Brown et al., 1989; Wenger, 1998). In the event that a mathematics department did function as a 

CoP, peripheral members might include new professors, adjuncts, visiting faculty, or lecturers. 

While visiting faculty leave, those who stay might follow inbound trajectories during their stay. 
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For example, non-tenure-track faculty might become members of the CoP, though likely they 

will remain more peripheral than their tenured or tenure-track colleagues. 

Those who follow inbound trajectories end up having central roles in the CoP. This is not 

the same as a captain or other named leadership roles, but rather reflects membership status 

where others recognize their identity and their opinion carries more weight and respect than 

most. Central members have completed their apprenticeship and no longer imitate the practice of 

the CoP but practice it. This does not mean that they have nothing left to learn, however: they 

continue to evolve and change with the CoP as time goes on, participating in the negotiation 

process that characterizes a community of practice (Brown et al., 1989; Wenger, 1998). In a 

hypothetical department CoP, these central members are likely to be respected faculty members, 

regardless of their exact rank. 

Boundary actors are those who link different communities of practice, often a delicate 

balancing act. These actors, called brokers, straddle multiple communities and facilitate 

communication between them, often an invaluable task. Brokers’ have membership in more than 

one community, which allows them to introduce elements of one practice into another, 

influencing multiple communities. Note that multi-membership is not enough to identify a 

broker. The job of brokering requires the broker to be able to translate and coordinate elements 

of multiple communities and to have enough legitimacy in a CoP to influence practice 

(Rasmussen, Zandieh, & Wawro, 2009; Wenger, 1998). In a complex arena such as an academic 

department, brokers have a significant role to play in intersections between divisions (e.g., 

mathematics, mathematics education), departments (e.g., physics, mathematics), and the 

institution (e.g., the chair and upper administration). While the CoP status of the department is 

not being assumed, attempts to broker between community groups may be identified. As the 
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change effort currently underway pulls from research in mathematics education, this study will 

examine if boundary actors exist and are part of the communication channels – the position of 

broker is also one identified in social network theories as a “bridge” between communities, 

through which information from one group may flow to another. 

Practice 

Wenger defines practice in a community of practice as “doing in a historical and social 

context that gives structure and meaning to what we do” (1998, p. 47). When talking about CoPs 

(even potential CoPs), it is necessary to discuss what is being done in the community. The 

activities of members of the mathematics department are myriad and complex. The classic 

duality between instruction and research is present, to be sure, but there are also institutional 

responsibilities such as service. Wenger describes organizations (such as a department or 

university) as defined by the interaction between two aspects: the designed organization, and the 

constellation of practices that give it life. Rather than look at an organization in its entirety as a 

CoP, he notes that organizations may house many communities of practice which may overlap 

and interact in order to make the organization work. It is possible to imagine a CoP emerging 

around the instruction of coordinated courses: where the joint enterprise might be the P2C2 

course sequence, mutual engagement occurs through regular meetings and discussions of 

instructional issues, and shared repertoire emerges related to the implementation and history of 

these courses and how they are taught. Rasmussen and Ellis (2015) found evidence of this 

potential being realized through coordination systems in some Calculus I programs from 

successful PhD-granting mathematics departments – though there is no guarantee that this exists 

at LSU, the development of a coordination system raises the possibility of its emergence over 

time. 
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Social Capital 

Wenger follows his definition of practice with the statement “in this sense, practice is 

always social practice” (1998, p. 47). While much research focuses on the details of a 

community’s practice against a social backdrop, I focus on the social aspect of community 

interactions, with practice as the backdrop. That is, I take the position that whatever practices 

exist within the department, they are influenced by social interactions. Rather than begin with the 

practices and attempt to trace the roots of their development, I begin with social interactions and 

consider their potential to influence actions. 

In attempting to make sense of the value and utility of social interactions between people 

in a community, I leverage the construct of social capital. This theory, which places value on 

social connections, has been leveraged in a wide variety of contexts, informing studies of 

“families, youth behavior problems, schooling and education, public health, community life, 

democracy and governance, economic development, and general problems of collective action” 

(Adler & Kwon, 2002, p. 17). The concept of social capital has also gained traction in 

organizational studies, and it is in this area that my contribution falls. As social capital has been 

used in a wide variety of contexts, it has been conceptualized in a wide variety of ways. 

However, common to all definitions is the notion that social capital consists of “resources 

embedded in social relations and social structure, which can be mobilized when an actor wishes 

to increase the likelihood of success in purposive actions” (Lin, 2002, p. 24). In this work, I 

operationalize those resources as “the potential and actual set of cognitive, social, and material 

resources made available through direct and indirect relationships” (Bridwell-Mitchell & Cooc, 

2016, p. 7). The following section reviews relevant social capital research literature to 
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understand the resources that are available through relationships, how they are accessed, how 

network structure relates to social capital, and how social capital constrains or benefits outcomes. 

Social capital is gauged from the point of view of an individual unit (person or group) 

and refers to resources they can access through relationships with others – not their own human 

capital (Oh, Chung, & Labianca, 2004). In education settings such as this one, cognitive 

resources has referred to information or expertise for improving instruction (Bridwell-Mitchell 

& Cooc, 2016; Daly, 2010; Daly, Der-Martirosian, Moolenaar, & Liou, 2014; Moolenaar, 2012); 

social resources has referred to trust, esteem, emotional support, or feelings of collective 

efficacy (Bridwell-Mitchell & Cooc, 2016; Bryk & Schneider, 2002; Moolenaar, Sleegers, & 

Daly, 2012); and material resources has referred to instructional supplies, technology usage, or 

instructional supplies (Bridwell-Mitchell & Cooc, 2016; Frank, Zhao, & Borman, 2004). Many 

of these examples can be found in other organizational contexts (Adler & Kwon, 2002; Lin, 

2002; Oh et al., 2004), though tied to ideas other than teaching and learning. As social capital is 

an incredibly broad concept, its study is often narrowed to focus on a particular set of people 

and/or a particular set of purposes for which resources might be accessed (Daly et al., 2014). For 

example, Daly and colleagues have focused on teachers in elementary schools and their access to 

social capital for the purpose of improving student outcomes (Daly, 2010; Daly et al., 2014; 

Moolenaar et al., 2012). Many have focused on the workplace, studying how people function 

within and across teams in an organization (Adler & Kwon, 2002; Oh et al., 2004) and how some 

individuals advance through the ranks (Podolny & Baron, 1997). These areas of research are 

relevant to this project because the department is a setting for education and the change effort are 

aimed at improving student success, but it is also a workplace where teams exist and hierarchies 

(formal and informal) are part of daily life. 
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For an individual to access their social capital, a social transaction must take place. 

Unlike economic transactions, these social transactions involve one party essentially providing a 

favor to another without force or direct compensation (Adler & Kwon, 2002). This lack of direct 

compensation is key to theories of social capital, setting this idea apart from simple teamwork or 

cooperation. With social capital, there must be goodwill or norms in place that cause this breach 

in the standard laws of economics and hierarchy between related individuals (Adler & Kwon, 

2002; Daly et al., 2014; Oh et al., 2004). Examples of such transactions in a mathematics 

department might include sharing sample exams without being required by policy or instructors 

sharing strategies outside of mandatory meetings. 

“An actor’s network of social ties create opportunities for social capital transactions” 

(Adler & Kwon, 2002, p. 24). This quote from a review of social capital theories highlights the 

relationship of social capital and social networks. As social capital transactions are not required 

by authority or directly compensated, they must occur between people who have some 

knowledge of each other (directly or indirectly). Thus, the study of social capital is tightly linked 

to the study of social networks – the patterns of relationships and interactions among individuals 

(or groups) that provide opportunities for accessing resources. Of course, “relationship” is a 

broad term in itself. Different types of relationships, their potentially varying strengths, and their 

different patterns significantly affect the type and value of the resources available to any one 

member of a network. 

One common distinction when considering types of relationships (or ties) is between 

instrumental and expressive relationships. Instrumental ties refer to those ties that are based on 

particular purposes related to professional contexts, often linking advice seekers with perceived 

experts for the explicit purpose of accessing work-related information. Expressive ties are 
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generally considered to be non-work ties that link people with some social affinity, and tend to 

be relations of equals (Cole & Weinbaum, 2010). When considering single-resource ties, 

instrumental ties are treated as conduits for cognitive and material resources, while expressive 

ties are conduits for social resources. For example, this means that “emotional support” is a 

social resource most likely accessed through an expressive tie such as “friendship,” while “exam 

writing” is a cognitive resource most likely accessed through an instrumental tie such as “task 

advice” (Cole & Weinbaum, 2010; Oh et al., 2004; Podolny & Baron, 1997). In the real world, 

of course, relationships between people are rarely so cleanly delineated. As relationships develop 

over time, they tend to broaden and begin to include many resources and serve multiple purposes 

– they gain multiplexity. A common example of a complex tie is that of “mentorship.” A mentor 

provides both work and social support and information to a mentee, and while sometimes in the 

position of expert or guide, is often also a friend or confidant of the mentee (Oh et al., 2004; 

Podolny & Baron, 1997). 

This study considers seven types of ties ranging across instrumental and expressive, 

simple and multiplex. Sharing instructional materials is a single-resource, instrumental tie 

through which material resources (e.g., sample exams, activities, homework assignments) can be 

accessed. Friendship is an expressive tie, primarily providing access to social resources such as 

emotional support. Discussions of instruction, research, and change are multiplex though 

primarily instrumental ties through which cognitive resources related to each topic can be 

accessed, but the interactive nature of a discussion means that social resources are likely part of 

the equation. Of course, these discussions may coincide with the sharing of resources or 

friendship, but their main utility is for the sharing of information or expertise. Advice is also a 

multiplex tie, and is similar in some ways to mentorship. Its nature depends on the nature of the 
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advice being sought and provided, which may be social, cognitive, and/or material resources; 

expressive or instrumental. The final tie investigated in this study is influence, which is a 

complex, mainly instrumental tie. Influential people may wield influence by providing cognitive 

or material influences – telling someone about a pedagogical strategy or giving them a sample 

exam which focuses on particular concepts. 

As relationships form the conduit for informational and affective flow, it is important to 

consider the structure of a network. Recall that social capital is housed in both direct and indirect 

ties, so that a person also has access to the resources of friends of friends, though these ties may 

not be quite as valuable as a direct connection. But then again, there is great strength in weak ties 

(Granovetter, 1973). Granovetter’s work highlighted distinctions between the types of resources 

accessed through near and far ties. Close ties between actors provide a good avenue for the 

sharing of complex information that may require time and effort to understand – the closeness 

sets the stage for both parties to be willing to expend that effort and resources. An example might 

be a mathematician and a mathematics educator colleague who have a friendly relationship and 

share common interests. The mathematics educator may be more willing to spend time 

explaining the benefits of a particular pedagogical strategy, implementation techniques, and 

supporting this mathematician than one who they do not like as much. In addition, this 

mathematician may be more likely to listen and take the time to understand and attempt this new 

approach than if they heard about it from a less familiar colleague or an unknown expert – they 

may also be more willing to experiment because they trust their friend to support them and offer 

advice. In general, those who move in the same circles have access to a lot of the same 

information – neither actor in this example is likely to know about a new job opening in 

Venezuela; both probably know who the new chair is – but their shared understanding of how 
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their department and university function mean that they can begin conversations about pedagogy 

from common ground about their work environment. Ties that are somewhat afield (e.g., 

boundary-spanning ties; friends of friends) do not connect actors with as much common ground, 

but they do provide access to more novel information. The mathematician and mathematics 

educator can be considered here again: new pedagogies are likely to emerge from one’s 

professional experience and not the other’s; the mathematician may have more insight into their 

discipline’s values and priorities. 

As noted, social capital comes through both direct and indirect ties. The strength of 

relationships is also a factor in the content than can be transacted, as well as the likelihood of that 

transaction occurring. The strength of a tie can be defined in more than one way. Generally, it is 

considered to be a combination of “the amount of time, the emotional intensity, the intimacy 

(mutual confiding), and the reciprocal services which characterize the tie” (Granovetter, 1973, p. 

1361). His definition, specifically related to positive and symmetric ties, covers our intuitive 

understanding of how to describe a strong relationship – especially if we consider “amount of 

time” to refer both to length and frequency of interaction. For asymmetric ties, such as those that 

acknowledge one member as an expert, intimacy and reciprocal services are less sensible. For 

negative ties (e.g., dislike, distrust), time also becomes less sensible – we are likely to avoid 

people we dislike if possible. This study does not include negative ties, but it does include 

asymmetric ones. Another way of defining the strength of a tie is to consider its multiplexity, 

where ties that serve multiple purposes are considered stronger than single-purpose ties. 

However, this definition somewhat ignores the nature of those purposes, which may in and of 

themselves be quite complex. In this work I rely on Granovetter’s basic principles in considering 

the strength of a tie, and consider multiplexity and utility separately. 
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Key Social Network Findings 

Only a few researchers have applied social network analysis (SNA) to understanding 

instructional practices in higher education (Spalter-Roth, Mayorova, Scelza, & Van Nooren, 

2010). In a review of all SNA in higher education, Biancani and McFarland (2013) identified 

117 articles in which faculty were the focus of an SNA study, though many others investigated 

student networks. Of these faculty-focused articles, most identified faculty networks based on 

publication data, such as co-authorship or citations, rather than the type of social connections that 

have been determined to influence behavior in other disciplines. These studies have also centered 

on STEM faculty’s research programs, not how these networks relate to teaching or student 

outcomes. In contrast, studies using SNA in K-12 education reform have identified relationships 

with a focus on teaching and learning, in particular with an eye toward improvement (Daly, 

2010). Studies from the organizational sciences have looked into group dynamics and tie 

development which may inform this research. Together, these works can generate conjectures 

about how social networks may develop naturally in the department, how they might be fostered, 

and how they support the implementation and sustainability of change efforts. 

SNA in K-12 Contexts 

The use of SNA in K-12 education reform studies is highly informative and provides 

some compelling reasons for exploring SNA as a tool in the context of change in undergraduate 

education. Pertinent results include: well-connected teacher networks correlate with higher 

student achievement (Moolenaar et al., 2012); the structure of networks influence the success of 

change efforts (e.g., Coburn, Russell, Kaufman, & Stein, 2012; Daly, 2010; Finnigan & Daly, 

2012; Penuel et al., 2010); and changing network structures can be targeted as a goal for change 

efforts (Daly & Finnigan, 2011). The relationship of social networks to success in change efforts 
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has been demonstrated both in policy-based change (Coburn & Russell, 2008; Daly & Finnigan, 

2011), and change through professional development (Penuel, Riel, Krause, & Frank, 2009; 

Penuel, Sun, Frank, & Gallagher, 2012). I highlight these studies because of their clear 

relationship to the change efforts underway at LSU. One of the major goals of the ongoing effort 

is to improve student success; the change effort includes attempts to build a community around 

P2C2 courses; the change effort includes elements of policy-based change (e.g., prescribed 

course content) and professional development. Thus I present the content of a few of these 

studies in some depth, with the caveat that instructors at a university operate under a different set 

of pressures and constraints than those working in K-12 schools and districts.  

In several studies, researchers identified network characteristics that have the potential to 

constrain or support policy reform activities, such as the nature of discussions within the network 

and its structure. Coburn and Russell (2008) investigated the relationship between teachers’ 

social ties, social capital, and the district policy. In this study, change initiatives were enacted in 

eight elementary schools from two districts. The authors found that the reform policy 

(instructional coaching) had the potential to build social capital by improving network features 

such as structure, depth, and access to expertise. However, the authors argue that the content of 

interactions in the network was instrumental in determining the relationship between social ties 

and instructional improvement – they suggest that social ties alone are not sufficient to lead to 

instructional improvement, but that substantive ties related to the reform effort (e.g., discussions 

of the nature of mathematics) can. Daly and Finnigan (2011) provided further insight into how 

the structure of social ties can support or constrain policy, in their case the national No Child 

Left Behind initiative. The authors found that a site with strong leadership was embedded in a 

network with ties to school district leaders but few ties among school site administrators. Despite 
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their few ties, site administrators were an important potential source of innovative teaching 

knowledge in the network. Because these individuals were in the periphery of the network (had 

fewer ties), the knowledge they possessed was not easily accessible to individuals at other school 

sites. The authors argue that this network structure is not conducive to addressing complex 

challenges because of the inaccessibility of crucial knowledge, and suggest that strengthened ties 

between site administrators could be productive for policy implementation. Both studies indicate 

that social ties alone are not sufficient for reform success. True, these ties are needed to socially 

construct reform efforts, but they need to be substantive and well-distributed among and across 

sources of knowledge.  

In other studies, researchers investigated the process of change by studying networks of 

teachers without emphasis on relations to formal policy. For example, Penuel and colleagues 

(2009) studied two elementary schools with similar reform goals and available resources, but 

experienced different levels of change. They found that the ties between expert and novice 

teachers present in the case of successful change were absent in the case of less successful 

change. Each school attempted to improve literacy instruction through community building 

among teachers. The authors found that social connections between novices and experts in the 

successful school provided a support system for more inexperienced teachers, while the 

unsuccessful school relied heavily on outside sources of expertise. Thus, the expertise of the 

people in the network contributed to how strong social ties influenced reform efforts (Daly & 

Finnigan, 2011). After change has been enacted, social ties also influence the likelihood that 

reform will be sustained. Coburn and colleagues (2012) found that expertise, strong ties, and 

meaningful conversations supported sustainability of reform efforts. In their study, they 

investigated how reform was sustained after two years of change support ended and teachers 
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were challenged to continue reform programs in the third year. The teachers who had ties to 

experts and engaged in meaningful conversations about pedagogy and learning continued with 

the reform, while teachers who lacked these ties were more likely to abandon their efforts. 

Therefore, just as suggested by Coburn and Russell (2008) the nature of discussions influence 

the success of reform efforts. 

These studies indicate that the structure of a social network constrains or supports 

knowledge flow among members. In order for a community to adjust to the complex challenges 

inherent in reform programs, the members of the network must be well connected to each other 

and to experts through social ties that support substantive conversations about the fundamentals 

of the reform program. A major effort of this study will be to identify the extent to which 

members of the department are connected in ways which support cohesive responses to the 

challenges that arise from a complex and wide-ranging improvement effort. The methods section 

provides more detail of how I will capture information about conduits for sharing information 

relevant to the change initiatives being attempted, how those conduits may shift over time, and 

how the network structure supports or constrains change.   

SNA in Organizational and Higher Education Studies 

Social ties have been shown to influence the behavior of an individual, such as health and 

personal performance (Christakis & Fowler, 2011; Daly, 2010; Kadushin, 2011; Scott, 2012). 

One such example comes from a longitudinal study on the academic performance of MBA 

students, which found that students’ academic performance is related to whom they identify as 

friends. Students tend to have friends with similar grades - their grades also become similar to 

those of new friends if they transition to a different group (Lomi, Snijders, Steglich, & Torlo, 

2011). In the context of my study, it may be the case that instructors who share social ties have 
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common traits and/or influence each other’s teaching practices, and so these social ties will be 

measured. This study aims to contribute to our understanding of how instructors evolve their 

practices and attitudes based on the study of social network ties during a time of change. 

Social network research has also provided insight about group work dynamics in a wide 

range of organizations. In a hospital, Effken and colleagues (2011) studied the communication 

networks among nursing units and their relationship to patient safety. They found substantial 

differences in the patterns of communication between nursing shifts, and identified differing 

outcomes. In particular, communication networks with gatekeepers between subgroups (i.e., a 

single individual providing a link between clusters) resulted in higher rates of adverse drug 

events, where a patient suffered from an incorrect drug dose (Effken et al., 2011). While 

instructors’ decisions rarely have life-or-death consequences for their students, this study implies 

the possibility that instructors’ communication networks may have an effect on their students’ 

experiences. This claim will not be empirically examined in this study, but its hypothesis 

strengthens the potential importance of instructors’ networks. Hara, Solomon, Kim, and 

Sonnenwald (2003) studied collaborations between scientists in a distributed, multi-disciplinary 

research center. In this case, the collaboration network was the dependent variable, and they 

looked for characteristics which influenced collaboration tie formation. They found that several 

factors, including personal compatibility, work connections, incentives, and infrastructure, 

heavily influenced the development of different types of collaboration. They make 

recommendations for the future design of productive research center that go beyond simply 

linking researchers through a club (Hara et al., 2003). While much of their work is related to 

research, their participants were academic researchers like those often found teaching P2C2 

courses at the university. Their work indicates that collaboration between academics is 
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dependent on both social and practical considerations, which influenced the design of this study. 

While teaching P2C2 courses is not the same as academic research collaboration, I expect that 

social and practical considerations might influence the extent to which instructors collaborate 

about course instruction or design. 

Social ties are, as noted previously, an important aspect of social capital, which can 

benefit people in many contexts. Taking social capital as a theoretical framing, many researchers 

have identified clear benefits to participants due to the structure of their network, and the social 

capital available to them through that network structure. One example comes from the work of 

Seibert, Kraimer, and Liden (2001), who found that network structure related to social resources, 

and network benefits mediated career success. In particular, career benefits as measured through 

salary, promotion history, and career satisfaction were determined by access to information, 

access to resources and career sponsorship. These three network benefits were felt by those with 

significant social resources, which in turn was dependent on network structure – particularly 

weak ties and relationships across groups (Seibert et al., 2001). The upshot of this study is that 

social network structure affects, through access to social capital, certain career benefits. While 

this study is not concerned with the career trajectory of instructors, “satisfaction” is perhaps a 

relevant characteristic for consideration, as is the fact that social capital has impressive benefits. 

 In a somewhat more relevant study regarding tie formation, a UK-based group 

investigated how international students built social networks in large-lecture courses (Rienties, 

Héliot, & Jindal-Snape, 2013). They investigated friendship and learning ties (i.e., who have you 

learned from) as they developed over a period of seven weeks during a graduate course on 

organizational behavior using a mixed-methods study. Though students were assigned to random 

working teams, they developed friendships and learning ties with many outside those teams, 
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strongly based on external characteristics. There were particularly strong effects of nationality, 

with students seeking those who shared their cultural background, and major (specialization), 

with students linking up with others in their field. The authors conjecture that these homogenous 

ties present a barrier to expanding horizons and succeeding in a foreign country, but the major 

takeaway for this study is the idea that official groupings do not always develop into strong 

relationships (Rienties et al., 2013). The relevance of this is that those who are required to work 

together (e.g., those teaching a coordinated course) do not automatically develop friendships or 

learn from each other. While strong working and learning relationships have been observed 

among such instructors in some cases (Apkarian, 2016; Apkarian & Rasmussen, 2017) the 

research indicate that this is not due only to an assignment to a coordinated course. 
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Chapter 3: Methods 

This study has the ambitious goals of identifying and monitoring a department, its 

communities, their change initiatives, and the coevolution of all these things over time. This 

chapter provides an overview of the complex setting in which the study takes place, four types of 

data collection, and how data were analyzed. Each of the later results chapters provides more 

detailed descriptions of the exact methodology used to obtain those results, including the subset 

of participants, data sources, and data analysis methods. 

Study Setting, Context, and Participants 

This study follows developments in the Department of Mathematics and Statistics at a 

large state university (LSU). This institution is in the process of implementing an extensive 

change program to improve their Precalculus to Calculus 2 (P2C2) sequence. This section begins 

by describing the institution itself, followed by an exposition of the improvement initiative, and a 

description of the study participants. 

Institutional Context 

LSU is a large, public research university that is part of a state university system. LSU 

has around 34,000 students, 29,000 of whom are undergraduates. Each year LSU accepts 

approximately 5,000 first-time first-year students, many of whom come from in-state public high 

schools. Student demographics are somewhat diverse, and LSU is a Hispanic-Serving Institution. 

The student body is also socioeconomically mixed, with 84% of full-time undergraduates 

qualifying for some form of financial aid. Overall, the four-year graduation rate is roughly 32%, 

with 66% of undergraduate students graduating within six years.  

In considering the P2C2 sequence, it is relevant to note the numbers of students who take 

these courses. While only around 10% of bachelor’s degrees are awarded in STEM majors, 
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approximately 1600 students take a mainstream P2C2 course each fall. In calculus courses, 

roughly 50% of the students are majoring in engineering, 25% in physical sciences, and 10% in 

mathematics or statistics. Precalculus has a larger proportion of non-STEM majors than the other 

two courses, perhaps because there is only one option to prepare students for calculus, while 

there are non-mainstream options for Calculus 1. 

This study is centered on the Department of Mathematics and Statistics at LSU, which 

offers the P2C2 sequence being overhauled. The department consists of three divisions: 

mathematics and applications, mathematics education, and statistics. At the beginning of this 

study, the department consisted of 17 pure and applied mathematicians (three in partial 

retirement), five mathematics educators, and six statisticians. Only members of the mathematics 

and mathematics education divisions are involved in the teaching and supervision of the P2C2 

course sequence. Over the course of this study, one of the mathematicians fully retired and one 

mathematics educator was hired. The majority of the mathematicians and statistician do their 

research in applied areas. Two of the six mathematics educators specialize in Research in 

Undergraduate Mathematics Education (RUME), two have a range of projects which include 

RUME topics, and the other two have primarily done research in K-12 settings – though their 

work is not entirely disjoint from RUME. LSU has a prestigious center and graduate program in 

mathematics and science education which all members of the mathematics education division 

contribute to. There are no women faculty in the mathematics division of the department; three 

of the mathematics educators and two of the statisticians are women. Each division also has a 

number of lecturers. Three of the mathematics lecturers are long-term lecturers who have been 

with the department for upwards of 10 years, while the rest (8-10 by year) are short-term hires; 

the mathematics education division has only 3-5 short-term lecturers at any given time. The 
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mathematics lecturers are about half women, and the mathematics education lecturers are all 

women (at the time of writing). In light of LSU’s current budget situation, it has not been 

possible to hire a large pool of long-term lecturers, though previously there were more. 

Change Context 

The change program being implemented at LSU is an ambitious overhauling of the 

systems surrounding the P2C2 sequence, though changes are being planned in other areas as 

well. The improvement efforts, initiated by a new department chair, were motivated by a series 

of factors related to student success (or lack thereof) and the realization that LSU had none of the 

seven features of successful institutions identified in the CSPCC study (Bressoud et al., 2015; 

Bressoud & Rasmussen, 2015; Rasmussen et al., 2014). After careful consideration of these 

features, the department embarked on an improvement program aimed to address all of the seven 

features and a series of initiatives were developed to change nearly every element of P2C2 

instruction. The existence of strong mathematics education researchers supported the inclusion of 

research-based strategies in the initial design phase. A discussion of the early implementation has 

been published elsewhere (Apkarian et al., in press), and Chapter 5: provides a detailed 

description of the structural changes implemented through this initiative which is based on 

empirical evidence gathered within this study. A rough outline of the changes, as related to the 

CSPCC study’s features, is presented in Table 3.1. 
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Table 3.1. Brief overview of intended changes related to the Precalculus to Calculus 2 (P2C2) sequence in the 

department and program which is the focus of this dissertation, as they align with known features of successful 

programs in college calculus. 

Feature Outlined Change 

Placement Shift from static multiple choice placement test to adaptive assessment 

software with remediation options 

Coordination Implementation of course coordination system for Precalculus, Calculus 

1, and Calculus 2; one coordinator per course and regular meetings 

between them 

Active learning Addition of breakout sections dedicated to student-centered 

mathematical activities, run by GTAs 

TA teaching 

preparation 

New and more robust teaching preparation program, including a pre-

teaching orientation and ongoing seminar 

Student support 

systems 

Creation of a new learning center for mathematics and statistics under 

the purview of the mathematics department 

Local data Increased attention to existing data sources related to student outcomes; 

collection of new data related to new structures 

Challenging and 

engaging courses 

(Somewhat varied across courses) weekly lab activities designed to 

connect to student majors; consistent grading; exams written centrally 

and aimed at a high standard 

 

Participants 

The participants in this study represent the mathematics department and members of the 

institution who are peripherally related to the department or to the P2C2 sequence. This includes 

change agents, department leaders, instructors, course coordinators, and administrators. As this 

study aims to investigate the nature of the department community surrounding P2C2 instruction, 

a wide net was cast in order to identify community boundaries and levels. While many in the 

department have research interests that extend to other departments (e.g., biology, climate 

change), this study restricts itself to the community or communities that exist in the department. 

In terms of internal communities, some potential dimensions for subgroup alignment include 

research area (e.g., statistics, math education) and role in department (e.g., GTAs, tenured 

faculty). There may also exist communities based on teaching practice, such as a community of 
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practice surrounding calculus instruction (Rasmussen & Ellis, 2015), or communities of 

innovation including those working to improve the department (Kezar & Gehrke, 2015).  

This project focuses on department level factors, and particularly the community context, 

when considering the consequences of an improvement effort. Prior to this study, I could not say 

for certain what kind of communities exist in or around the department of mathematics and 

statistics at this institution. To address this, everyone formally affiliated with the department and 

active on campus was invited to participate, as well as administrators of the college of sciences, 

which oversees this department. Preliminary investigations and conversations identified three 

groups (not entirely disjoint) of individuals with slightly different relationships to the department 

and/or change efforts. These groups require slightly different approaches in interviews and 

understandings, detailed further in the data collection and analysis sections. 

Change agents. One of the important groups of people to study are the change agents, 

those who are actively designing and pushing forward new initiatives (Borrego & Henderson, 

2014). While effective, or lasting, change is a group effort requiring the general community to be 

“on board,” change agents are often the catalysts for such a process (Borrego & Henderson, 

2014; Corbo et al., 2015; Reinholz & Apkarian, 2018). In a case such as this, where change is 

intended to be rapid and widespread, understanding these agents is critical for understanding the 

process. The change agents were initially identified through informal conversations during the 

initial design phase of this study, but interviews included questions designed to elicit names of 

other key figures.  

Faculty and lecturers. At LSU, introductory mathematics courses are taught by a mix of 

faculty and lecturers. Some of the proposed changes present a radical departure from the 

essentially complete pedagogical autonomy they enjoyed before – textbooks are predetermined, 
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course content and pacing are coordinated, and more. This has the potential to change not only 

the experience of students, but the experience of instructors. They will have their practice 

affected by the change program being enacted at LSU, and their permanent or semi-permanent 

status means that they will continue to be affected by these changes for a long time. Those 

instructing P2C2 courses will have the most interaction with the change effort, and so are 

particularly interesting for this study. While they are not being asked to change their pedagogical 

style during normal class meetings, they are being asked to follow a common syllabus, at a 

common pace, in preparation for common exams, and to coordinate their class time with the 

concurrent active learning labs. Deviation from the intended implementation may have serious 

consequences for the students in these courses and the entire change effort itself. The critical role 

instructors play in holding the P2C2 sequence together means that understanding their beliefs 

and practices related to the change effort are incredibly important. These were identified using 

publicly available information from the department website and online course schedules. 

Administration. The administration has for some time put considerable pressure on the 

mathematics department to address concerns about P2C2 courses and their effect on students’ 

completion rates at LSU, specifically with STEM majors. However, they did not step in and 

order particular changes, so the change initiative itself is not a top-down order from above. In 

addition to pushing for change, administrators play a vital role in supporting these efforts. As 

with most universities, administrators are important for securing resources, and their 

endorsements can make or break initiatives. As many of the changes at LSU required 

administrative action – changing contact hours for calculus, reducing recitation size, finding 

space for a learning center, etc. – it is important to understand the extent of their support and 

their roles in realizing these initiatives. They have a continued role in the change effort, as their 
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evaluations of progress could see support and resources diverted to other programs and stall the 

improvement process. In order to fully understand the life cycle of this change initiative, it is 

important to understand the role of administrators, their relationship with the department, and 

what they identify as measurable outcomes of success. Relevant administrators were identified 

using the structural hierarchy of the institution as well as through conversations and interviews 

with change agents and faculty. 

Data Collection & Analysis Methodology 

Data for this study will come from multiple data sources, collected across multiple points 

in time, and will require multiple analyses. For this reason, this section will be broken down by 

data source, with a final section discussing how data from different sources will be combined for 

multimodal analyses. 

In brief, the intention of the data collection program is to create an evolving 

understanding of the department community and its relationship to the change efforts ongoing. 

This is not a study of how well the changes are taken up, nor of their effect on student success – 

in part because that is outside the scope of this thesis and in part because two years is not enough 

time to obtain robust answers – the change effort will not be perfect in its first iteration, and 

graduation rates and course-taking patterns take time to develop. Therefore, the data being 

collected is aimed at understanding the community, culture, and attitudes relating to 

undergraduate mathematics education and the change initiatives. This data will be analyzed 

separately and combined, both as discrete time points and as a longitudinal continuum. The 

details of the data collection and analysis are presented below.  

Overview 
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I present my overall data collection timeline in Figure 3.1. Surveys and most interviews 

were conducted near the end of each academic year (AY) of the study, while observations and 

scattered interviews occurred throughout the year. Note that in Spring of 2017, LSU was part of 

the SEMINAL project (NSF DUE #1624610), which had overlapping interests with this study2. 

To reduce the impact on participants, I collaborated with their researchers visiting LSU to 

combine interviews and surveys during that term. Throughout this dissertation, I refer to the data 

collection time periods either by their actual time (e.g., Fall 2014; AY 2016-17) or in relation to 

the start of the changes, with AY 2014-15 the year before changes began; AY 2015-16 the first 

year of changes; and AY 2016-17 the second year of changes. While the study ended with the 

2016-17 academic year, I maintained contact with study participants so as to be appraised of any 

radical changes that might affect the interpretation of this study. 

 
Figure 3.1. Data collection timeline. 

All data is analyzed on its own as a single data set, longitudinally, and combined with the 

other data sources. Table 3.2 shows how each data source relates to the research questions 

guiding this project.  

                                                 

2 See Appendix F: for detail about the overlap of this study with the SEMINAL project. 
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Table 3.2. Relationships between data sources for analysis and research goals and focused questions. 

  
Interviews Surveys Other 

 Research goals and focused questions C
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1a 
What is the (evolving) social structure 

of the community? 
   X  X  

1b 
What are the (evolving) characteristics 

of the community being affected? 
X X X X X X  

2a 
What is the (evolving) structure of the 

improvement effort? 
X X X   X  

2b 

What are the intentions, goals, and 

rationale behind the (evolving) design 

of the effort? 

X     X  

2c 
Is there evidence that the change effort 

is affecting its targets? 
X X X  X  X 

3a 
How is the community responding to 

the improvement effort? 
X X X X X X  

3b 
How is the improvement effort 

responding to the community? 
X X X   X  

3c 
How is the improvement effort 

perceived by those affected? 
X X X  X X  

 

Survey data collection. One of the instruments used in this study was an online survey, 

which was created and distributed electronically using the Qualtrics data collection platform 

(Qualtrics, 2018). The full survey included demographic information, Likert-type questions 

about department climate, and social network items. The latter two data sources are described in 

detail in the following sections. The survey was emailed to the entire participant roster, with 

email reminders at intervals of 7-14 days based on response rates. The survey remained open for 

approximately two months each time it was distributed, also depending on response rates. Each 

participant was directed to a survey tied to a distinct code. This ensures both that the survey is 

identifiable (necessary for analyzing social network data), and that participants could leave and 

return to the survey with their progress saved, as many times as needed during the collection 
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period. Participants were able to navigate backwards and forwards through the survey to change 

their responses, and the survey could be completed without answering all questions, allowing 

participants to skip questions they did not wish or were unable to answer. 

Climate & Culture (Survey) 

Instrument selection. The contextual climate and local culture of a group are notoriously 

difficult to ascertain. Generally this comes from lengthy observations of people in their natural or 

working lives, later interpreted by a researcher (Brown & Duguid, 1991; Goodwin, 1994; Schein, 

2010). Unfortunately, the time needed for this level of detail is prohibitive for this study. In 

addition to interviews and observations, I decided to use climate and culture survey items, which 

provide a much quicker, though coarser, approximation of the local climate from a variety of 

people. An important element of this methodology is that it must be interpreted as people’s 

perception of their local environment – an external observer might well disagree with some or all 

of the participants’ description of life within the department. 

Throughout the study, some alterations were made to the climate and culture items on the 

survey instrument. These changes were made in part due to feedback from participants about 

difficult-to-answer questions and partly due to the need to coordinate with the SEMINAL 

project. In this section I focus on the items which were included in the eventual analysis, 

described in Chapter 4:. 

The final version of the climate and culture survey instrument consisted of seven six-

point Likert-type scales and one six-point Likert-type pseudo-scale. Each scale consisted of 6-10 

items (statements plus response scales). An example of the format is shown in Figure 3.2. Items 

were not presented to participants organized by scale nor in a consistent order. Instead, scales 
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were put into groups of 2-3 based on the similarity of the question stem, and presented randomly 

within those groups. This survey was designed and distributed using Qualtrics (Qualtrics, 2018).  

 
Figure 3.2. Example of the Likert-type departmental climate items as seen by survey participants. Include question 

stem, statements, and language of six-point disagree-agree response scale. 

The scales used in this survey were adapted from other instruments. Scales were 

originally gathered from studies in K-12 education, particularly studies related to school and 

district-level reform (Daly, 2010; Daly, Moolenaar, Bolivar, & Burke, 2010; Spillane & Healey, 

2010; Tschannen-Moran & Hoy, 2001). The K-12 items were adapted for use in undergraduate 

mathematics departments and piloted elsewhere to support ease of interpretability for 

participants. These adapted scales were supplemented with scales and a few scale items from the 

Survey of Climate for Instructional Improvement (Walter, Beach, Henderson, & Williams, 

2014). 

Instrument analysis. Analysis of the climate and culture survey items will consider both 

individuals and the aggregate; as a snapshot as well as over time. Prior to using these items to 

characterize anyone, they will be checked for dimensionality, to ensure that all scale items hang 

together. In the event that particular items are deemed invalid, they will be omitted from further 

analysis, and entire scales will be thrown out if a majority of the items are found to be flawed. As 
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the instruments being used come from previous work, they are expected to be usable, but the lack 

of work in this area necessitates careful checking. Other projects have used these same scales 

where the larger data corpus will be used to further corroborate dimensionality and reliability. 

Individual’s culture and climate perception scores can be calculated for each scale by 

averaging their item scores. These scores can also be compared across time, to see if individual 

opinions have changed throughout the change initiative. However, testing these differences 

requires repeated participation which was not consistent. To get a general sense of the climate 

and culture of the department, as seen through the eyes of its members, these scores were 

aggregated and analyzed using standard pre-post methods (see Chapter 4: for details).  

Social Networks (Survey) 

Another aspect of a community is its social structure. To investigate this, I turn to social 

network analysis. This refers to a collection of techniques and theories for understanding the 

structure and strength of interpersonal relationships. Data was collected using social network 

surveys, which were analyzed using network-specific measures from graph theory to identify key 

figures, overall structure, and shifts over time. This study takes a whole network analysis 

strategy, selecting a set of actors (those related to the department) and measuring the ties 

between those people (Daly, 2010; Scott, 2012). As this methodology is new in the study of 

instructors at the university level, this section will go into some detail regarding its usage. 

Survey design. Social network surveys consist of a series of questions designed to 

ascertain what relationships exist between individuals in some sample pool, to whom the survey 

is distributed. Several decisions must be made during the survey design phase: how will actors 

identify each other, will strength of tie be measured, and of course, what relationships will be 

investigated? Figure 3.3 shows the format of questions used in this study. 
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Figure 3.3. Sample social network survey question showing general format. 

For this study, the decision was made to use a bounded roster, where participants select 

who, from a list of predetermined options, they have a particular relationship with. There are two 

limitations of this design: it limits the overall size of the network to the roster identified by the 

researcher, and the researcher makes a priori decisions about who should and should not be 

included. These issues were mitigated by the selection of a large roster through both positional 

and reputational selection strategies. Positional strategies refer to strategies that include/exclude 

actors from a roster based on their formal position or role in an organization or other structure, 

while reputational strategies rely on nominations from individuals in the target sample (Scott, 

2012). The roster for survey distribution and relationship selection includes all active faculty in 

the Department of Mathematics & Statistics at LSU, lecturers who have taught P2C2 courses at 

LSU in the past two years, and certain administrative figures as identified through pilot 

interviews3. One of the primary advantages of this design is that it reduces the cognitive load of 

participants. Rather than a recall format where participants must identify who they talk to, this 

recognition format requires only a “yes/no” decision regarding each member of the roster (Daly, 

2010; Dillman, Smyth, & Christian, 2009; Henderson et al., forthcoming; Scott, 2012). An 

                                                 

3 In Fall 2014 and Spring 2017, TAs working in the P2C2 sequence were also included. In Fall 2014 this was by 

design; in Spring 2017 to accommodate the needs of the SEMINAL project. However, due to low response rates, 

GTAs’ participation in another research project, and the evolution of this project, they were removed from the scope 

of this study. 
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additional step was taken to reduce the risks of a bounded roster with the inclusion of a space for 

participants to write in the names of people they felt were missing from the list. This item allows 

the researcher more confidence in the validity of the bounded roster, or more awareness of gaps. 

No limit was placed on the number of selections participants could make in any network 

question. Such limits discourage the identification of weak ties, which despite their name can be 

quite important (Granovetter, 1973). 

All network questions were asked in a binary format, rather than ask for details about 

strength or frequency of interactions. Again, this decision has benefits and perils. A clear benefit 

is that it reduces cognitive load on participants, and therefore survey fatigue, by asking a simple 

yes/no instead of asking participants to place value on the strength or frequency of a tie (Dillman 

et al., 2009). A major disadvantage is that this model captures all relationships equally, and does 

not distinguish between those who talk every day and those who talk once a semester; those who 

are very influenced by a peer or only slightly. Theoretically his can be a major concern when 

identifying important actors and comparing clusters (Daly, 2010; Scott, 2012). However, the Fall 

2014 data for this study, which included a social network survey that was part of a separate 

project, indicated that in practice this is not such a concern with this sample pool. That study 

included five social network questions, two of which asked about relative frequency of 

interaction. Less than 10% of the ties in those networks were marked as occurring more than “1-

2 times a term,” and the benefit of that information was not enough to justify added cognitive 

cost to the participants. 

Finally, I turn to the decisions about which questions to ask on this survey. The options 

here are essentially limitless, and there has not been extensive research using social networks to 

study instruction at the undergraduate level (Biancani & McFarland, 2013). With no default 
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options to fall back on, the decisions were made following a review of social networks as used in 

K-12 education and organizational research. In the end, seven questions were selected, listed 

below. Of these, Questions 1-5 were part of each survey distribution; Question 6 was asked 

during the second survey (Spring 2016) but removed for the third; Question 7 was asked during 

the two years when changes were happening (Spring 2016 and Spring 2017). The full text of this 

survey is included in Appendix A:. 

1. Who do you go to for advice related to teaching lower-division, undergraduate 

mathematics courses? 

2. Who (or whose websites) do you go to for instructional materials (e.g., syllabi, 

assessments, lesson plans, rubrics, sample problems)? 

3. During your most recent semester of instruction, with whom did you discuss 

instructional activities (e.g., teaching strategies, student learning, grading, student 

achievement)? 

4. With whom (of the following) do you have a close friendship? [By “close friend” we 

mean a person with whom you share personal information or with whom you spend time 

in informal activities (e.g., dinners, coffee breaks, happy hours, sporting events)] 

5. Of the following, whom do you consider influential on your teaching?  

6. During the most recent academic semester, with whom (of the following) did you discuss 

research activities (e.g., research content, journals for publication, consulting)? 

7. During the last academic semester, with whom (of the following) have you discussed the 

changes happening in the LSU mathematics & statistics department? 

Questions 1, 2, 3 and 5 directly relate to aspects of undergraduate instruction, question 7 

relates directly to the change efforts underway at LSU, and questions 4 and 6 are intended to help 
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untangle variables related to the nature of relationships. For example, if an individual is shown to 

be involved in more discussions about instruction than others, it will be possible to determine if 

this person is seen as having expertise in the area (if they are important in advice and/or 

influence networks) and/or if they are gregarious (i.e., important in the friendship network). It 

will also be possible to determine if clusters of those who discuss teaching are also friend groups, 

research groups, etc. While causality is always difficult to confirm, this will enable identification 

of intersections that could confound results otherwise and reduce doubt about the interpretations 

of network data. 

Data analysis. The social network data is analyzed using graph theoretic methods 

standard to analysis of this type of data. Techniques and metrics exist for identifying patterns and 

interesting individuals in terms of the structure and strength of the social network. These 

techniques are somewhat network independent, but interpreting the results in sensible ways 

requires developing an understanding of the relationship being investigated. In the paragraphs 

that follow, I will discuss some of the basic network measures to be used, how they inform 

analysis at a single point in time, and how longitudinal comparisons will be conducted. 

Network measures. A variety of network measures are used in this study, and the ideas 

presented here are not an exhaustive list. Chapter 4 discusses exactly which metrics were used as 

part of this study, and why. Note that some measures are related to actors/nodes/people and some 

relate to relationships/edges/interactions; some relate to individuals/egos and some relate to 

communities/networks or subsets of each. I begin with a brief overview of the components of a 

network or graph, followed by node-level and network-level metrics. 

Network basics. The building blocks of a social network are actors and the relationship 

ties that (may) connect them (in graph theory these are called vertices and edges). When social 
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ties are determined via a nomination process like the one used in this study (versus an 

observational approach), they are collected with direction, meaning that data is preserved 

indicating that a relationship is asymmetric. In asymmetric relationships, such as power or 

advice, directed edges are used to identify authorities and apprentices by interpreting a 

perception of expertise (Borgatti, Everett, & Johnson, 2013; Wasserman & Faust, 1994). Note 

that directionality is preserved even if both parties nominate each other, as two edges: A → B 

and B ← A. Some relationships are treated as theoretically symmetric (e.g., if one person reports 

a discussion, it involved both parties), and are coded as undirected. In this case, if A and B 

nominate each other, only the single undirected tie A ⟷ B is preserved. Table 3.3 briefly 

summarizes the interpretations used in this study, described in more detail throughout this 

section.  

Table 3.3. Explanation of networks under study. 

Relationship Directionality Explanation If A nominates B… 

Advice Directed Advice is often sought from a 

more expert other 

A has believed that B can 

provide useful advice. 

Materials Directed Materials are often sought from a 

more expert other 

A has believed that B can 

provide useful materials. 

Influence Directed Influence is felt by one person, 

the other may not even be aware 

A believes that B has 

influenced their practice. 

Discussion 

(instruction) 

Undirected Discussions involve two or more 

people. While it may be more 

memorable for one party, I 

accept a minimum of evidence to 

assert a discussion took place. 

This is supported by theory 

asserting that conversations and 

discussion affect both parties. 

A and B were part of the 

same discussion of 

(instruction, changes, or 

research). 
Discussion 

(changes) 

Undirected 

Discussion 

(research) 

Undirected 

Friendship Debated It has frequently been found that 

children’s friendships are not 

symmetrical, but the data is less 

conclusive with adults. 

A perceives B as a friend. 
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Node-level metrics. Measures used to describe individual actors and their relationship to 

the network are node-level metrics, and a list of basic examples is in Table 3.4. These measures 

can be used to find the most “important” actors in a network, or to better understand how a 

particular actor fits into the rest of the cast.  

Table 3.4. Node-level metrics 

Metric Definition/calculation  

Degree Total number of ties of an actor; can be normalized 

Out-degree Number of ties originating at an actor; can be normalized 

In-degree Number of ties ending at an actor; can be normalized 

Closeness Inverse of the sum of geodesics between an actor an all other actors in the 

network; maximum value 1/(N-1) when actor is adjacent to all other actors 

Betweenness The proportion of geodesics between others that include a particular actor 

 

The degree measures deal only with direct ties, considering only those directly 

connecting two actors, while the others also consider indirect ties. Closeness measures the 

relative distance of an actor from all other actors, and higher closeness indicates that an actor can 

quickly spread information throughout the group – note that this information must go through 

others, but the pathways are short (Wasserman & Faust, 1994). In certain relations (e.g., advice, 

gossip), closer actors are more likely to get the original story because, as in a game of telephone, 

messages are likely to get garbled along the way (Borgatti, 2005). The betweenness measure is 

one way of quantitatively identifying hubs or gatekeepers. An actor with high betweenness is on 

the shortest path between many pairs of actors, giving them the option of continuing or blocking 

the passage of information or goods. This is especially true if there are no other paths between 

the other actors (Wasserman & Faust, 1994).  

Network-level metrics. Next are whole network measures, which are used to describe a 

network including multiple people, with no individuals singled out for special attention. Table 
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3.5 gives a brief overview of some of the major network-level measures. These values have some 

significance on their own, but are often more informative when used in comparison with other, 

similar contexts. That is, noting that a network has an inclusivity of 0.9 means that most people 

in the department are interacting in this network, but to understand if this is high or low requires 

knowing what is “normal.” As this work is new, there are no standard measures to use in this 

study – but longitudinal comparisons should give an indication of how the network is changing 

over time. 

Table 3.5. Network-level metrics 

Measure Definition/calculation Interpretation 

Inclusivity Proportion of actors with nonzero 

degree 

How much of the group under study 

participates in the social interaction 

Density Proportion of possible ties that are 

actualized: # edges / N(N-1); can 

be normalized 

How complete is the network? (1 

indicates a complete graph; 0 indicates 

an empty graph) 

Centralization Measures variability of actor 

centrality, to see how uneven the 

spread of ties is 

Zero when all actors have equal 

centrality; 1 when one actor completely 

dominates the others (e.g., a star graph) 

Diameter Longest shortest path between a 

pair of vertices 

Indicates the greatest “degree of 

separation” between any pair in the 

network 

Modularity Algorithms determine how well the 

network splits into groups as 

compared to a random distribution 

of ties (Newman, 2006) 

High values indicate the presences of 

well-defined groups; lower values 

indicate that groupings have soft 

boundaries 

 

Interpreting results. A note about social network relations: the nature of the relationship 

is important when interpreting various measures. Earlier the distinction was made between 

directed (asymmetric) and undirected (symmetric) relations, but there are other considerations. 

Several of the measures used in this study relate to the exchange of information, which is an 

intangible object that is subject to interpretation. To understand, consider the difference between 

two scenarios involving a group of friends: one where they pass around a favorite book, one 

where they pass around a juicy tidbit of gossip about someone they know. If the book passes 
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from Alice directly to Carol, or from Alice to Bob to Carol, Carol receives the same object. 

However, gossip may be altered considerably in the retelling by Bob, so the gossip is not the 

same when it is passed through intermediaries. Thus care needs to be taken in interpreting each 

metric in the context of the particular relation (Borgatti, 2005).  

Analyzing the department in the tradition of communities of practice involves identifying 

authorities and apprentices – in this case with regard to teaching practice. While the external 

observer might identify objective experts (perhaps those who study mathematics education), this 

is not the same as the internal, subjective attribution of teaching expertise. For this, I turn to the 

social networks related to advice, materials, and discussion of instructional matters. For each 

network, I can compare the in- and out- degrees of each actor to see whether they are more likely 

to seek advice or be sought out for it, and by comparing with other actors in the network it is 

possible to determine if this values are in the normal ranges or are more extreme. For actors with 

low in- and low out-degree, we can say that they have low involvement in the network; those 

with two high values have high involvement in the network, both seeking and being sought out. 

The mismatches are the more interesting cases, however. An actor who has high out-degree 

(thereby indicating that they seek advice from many sources) but low in-degree (indicating that 

they are rarely sought out for advice) functions as an apprentice. They are a part of the network 

and joint enterprise, but they are learners. In the opposite scenario, high in-degree coupled with 

low out-degree indicates an authority, someone who is sought out for advice but does not seek it 

themselves. This method, while rather blunt, can be used to see the relative role of actors in the 

department and to identify those who are viewed as the most expert members of the community, 

those who lead instructional practice intentionally or unintentionally (Apkarian & Rasmussen, 

2017). 
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While the department may not be quite a community of practice, social network analysis 

will also help us to understand what communities exist within this group of people. This sense of 

community is defined by clustering, where people with many relationships are identified as part 

of a social group. The strongest definition of this type of cluster is called a clique, a subgraph 

which has a group of actors who are connected to each other but to no one else in the network. In 

social science research within a predetermined group (as is the case with this study), cliques are 

somewhat rare and are generally too strong for practical purposes. A variety of clustering 

algorithms have been developed for addressing this fact, each of which uses a different 

randomization process and modularity criteria (Csárdi & Nepusz, 2006; Kolaczyk & Csárdi, 

2014; Newman, 2006; Wasserman & Faust, 1994). There is no real consensus about which is 

best for community detection in small networks like the one under study here, but the Newman-

Girvan algorithm has had some popularity in similar contexts (Newman, 2006; Quardokus & 

Henderson, 2015). These algorithms will be re-examined in close detail to better understand their 

potential to support this work. The community detection algorithms can be used to understand if 

the department functions as one community with respect to the investigated networks, if the 

divisions function as separate communities, and if there are any further divisions into subgroups 

(e.g., those teaching P2C2 courses).  

Longitudinal analyses. The longitudinal analyses of social network data in this 

dissertation are fairly rudimentary. While many networks analysts look for predictive power in 

longitudinal data, I will focus on the changes that occur and their relationship to the local context 

(Wasserman & Faust, 1994). This will involve comparing the social networks from the different 

time points, looking for what has changed, what has stayed the same, and to what extent this is in 

line with the goals of the change effort. Of particular interest is the development of the course 
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coordinators – if they are fulfilling their role appropriately this should be obvious from the data, 

as they should become more central in the instruction-related networks and move towards 

positions that indicate authority and involvement (Apkarian & Rasmussen, 2017). It will also be 

interesting to note the extent to which, if at all, the department become more communicative 

and/or collaborative. 

Interviews 

Several interviews were conducted with the three groups identified. All interviews asked 

participants to reflect on the nature and results of the improvement efforts in the department, 

with other questions specific to their various roles in the changes. All interviews were semi-

structured conversational interviews, based around a series of questions but not restricted to 

them. Each interview protocol contains a variation of the following questions: 

• What is your role in relation to the LSU mathematics department? 

• What are some of the changes going on in the department right now, and in particular 

related to the P2C2 program? 

• What is the intention of these changes? Were they needed? Why? 

• How do you hear others talking about the department and/or the ongoing change efforts? 

• In general, do you feel that you have a say in what goes on around here, or is someone 

else really steering the boat? 

• How will you determine if the change initiatives seem to be working? How do you think 

others will? Is it working? 

• Who else should I talk to, in order to better understand the initiative? 

Interview protocols by group. The first group is the members of the P2C2 supervisory 

committee – those who are designing and leading the improvement effort. These interviews were 
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designed to ascertain the original rationale, design, and goals of the effort, as well as any changes 

that have been made to the initial plan. This will also be a chance to see their perception of the 

reform (so far) and how they feel others perceive the effort. As these people are the most 

invested and integral to the design of the improvement effort, they were interviewed at the end of 

each year of the change initiative and were resources for clarification throughout the study. The 

corresponding interview protocol is available in Appendix C:. To ensure that all major players 

were contacted for information, a snowball method was used – starting with the department 

chair, each interviewee was asked to identify other major players for subsequent interviews. The 

six members of this committee were all interviewed.  

The second group of interviews were people affected by the reform effort, but who are 

not directly controlling its implementation or design. Some of these are members of the 

department (faculty and lecturers) who are not on the improvement design team, but who are 

teaching courses affected by the changes – stakeholders in the change. Some others were 

selected from the Calculus Task Force, a group of faculty members who met repeatedly in the 

2014-15 academic year to make decisions about whether and how to go forward with a reform. 

Finally, some were selected from the general department population. These interviews were a 

way of seeing how relative outsiders feel about the changes, including whether or not reform was 

needed and if this is, in their view, an appropriate change program. These interviews were 

important in getting a sense of how the improvement effort affects those “on the ground,” and in 

particular those who are permanent members of the system surrounding calculus. In all, nine 

stakeholders participated in interviews, five of whom taught at least one section of a P2C2 course 

during the first two years of the change initiative. The core protocol of this study’s interviews is 

in Appendix D:.  
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The final group for individual interviews consists of administrators and staff external to 

the department, including members of the Dean’s office. This input will be important for 

understanding how, why, and to what extent the administration and wider university body is 

involved with the design, implementation, and evaluation of the improvement effort in this 

department. This interview protocol is in Appendix E:. Four administrators and three members of 

staff were interviewed between this project and SEMINAL.   

Interview analysis. As described above, the interviews covered topics including life in 

the department, the change initiatives, and the P2C2 program in general. These provide a wealth 

of information, though it cannot be claimed that this information is totally representative of the 

department. Interviews were audio recorded, transcribed, and checked for accuracy. Analysis of 

the interviews had two main objectives: first to collect and compare people’s answers to the 

questions, and second to investigate what their answers (and language) reveal about their 

perceptions of the department and the general climate towards the P2C2 program and its 

changes. 

For the first round of analysis, transcripts and accompanying field notes were revisited 

and the information organized using memos and contact summary forms which summarize the 

information obtained with respect to targeted questions (Maxwell, 2013; Miles & Huberman, 

1994). The summary forms and memos were also used to craft follow-up questions for later 

interviews. Qualitative analysis software (VERBI Software, 2018) was used to identify and 

organize portions of transcripts and notes relevant for answering targeted questions, such as 

identifying the coordinator’s responsibilities. These organized responses were then revisited to 

develop brief, yet accurate, summaries of participant responses that capture the content of their 

replies (Miles & Huberman, 1994). 
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Participant responses were compared to each other to identify similarities and differences 

in content. This process helped identify ideas which were agreed upon or not, and where those 

differences arise. For example, considering the extent to which instructors know about the 

activities of the supervisory committee. The content responses and their variation are compared 

across time points as well, to look for any changes. These can show greater understanding of the 

initiatives and their purpose as time goes on, or increased resistance to initiatives that disturb the 

status quo. 

The second round of analysis used a thematic analysis approach to the interviews, 

looking for emergent themes related to content, focus, and attitude (Braun & Clarke, 2006; 

Strauss, 1987). The first round of analysis served to familiarize myself with the data, during 

which time a list of start codes was developed based on ideas which appeared frequently in the 

interview data and topics relevant to this study. My position in relation to the department under 

study and repeated interactions with participants outside of data collection settings further 

impacted this list of start codes. Interpretive notes were also made alongside data. Initial codes 

were developed through an inductive, cyclic process of marking data, identifying patterns within 

those data, comparing coded data, and flexibly adding, subtracting, combining, and splitting the 

codes in use (Braun & Clarke, 2006; Corbin & Strauss, 1990). During this phase, the unit of 

analysis was determined as a continuous chunk of participant talk about a certain topic – due to 

the nonlinear structure of conversation, an imprecise unit was necessary to stay true to the data 

sources.  

From these codes, themes began to develop in combinations of codes and by attending to 

the data itself. These themes were reviewed for coherence, and with themes in mind interview 

data was reread and recoded to begin developing stories. The longitudinal nature of this study 
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added a dimension to the interview analysis, in that many individuals were interviewed at more 

than one time and so stories emerged not only within a particular year but across them. These 

themes and codes were also refined, in some cases with other researchers’ support. Validity of 

codes and resulting themes was improved using qualitative validity procedures (Creswell & 

Miller, 2000). Results were triangulated across participants and data sources to ensure there was 

corroborating evidence for claims, and additional searches were made for disconfirming 

evidence (Miles & Huberman, 1994). Further testing of the results was done via member-

checking and peer debriefing (Lincoln & Guba, 1985). The follow-up interviews in Spring 2017 

were a good opportunity for member-checking with individuals about what was said during 

initial conversations. After data collection was complete, special meetings were set up for 

discussing themes with some of the central figures in the department. Emerging results were also 

shared and discussed with other mathematics education researchers with knowledge of this 

study. These discussions with participants and colleagues identified some gaps in the project and 

led to further investigation of the data to fill in those gaps (Creswell & Miller, 2000). 

Finally, themes relevant to this study’s questions were selected and thick descriptions 

were generated from the themes and quotes from the interviews (Braun & Clarke, 2006). 

Chapters 5 and 6 describe more detail of the coding process as relevant to the results in those 

chapters. 

Observations 

During the academic years 2015-16 and 2016-17, I attended 12 meetings of the P2C2 

supervisory committee. These meetings were audio recorded and field notes were taken. The 

intention of these observations was to watch the evolution of the planned initiatives and people’s 

roles. By attending P2C2 supervisory team meetings, I was able to monitor in real time as they 
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discussed successes, concerns, and strategies. The notes from these meetings helped to 

corroborate the timeline of events at LSU, so that the account of what happened was not based 

purely on retrospective accounts at the end of each year. Furthermore, these observations 

contributed to the design of interview questions over the course of the study, and served to 

familiarize me with the data, the context, and the priorities of this group. This manuscript does 

not present any detailed analysis of those meetings, though future work may consider whose 

voices were heard most at meetings and how the focus of those meetings shifted over time. 

Combined Analyses 

While the research methods and analyses outlined so far are powerful in their own right, 

they can be combined in order to develop a more complete narrative of the LSU mathematics 

department and the change effort within. This section provides a brief overview of some of these 

approaches as proposed at the beginning of this study. In light of the depth of the separate 

analyses and the implications of each, complicated combined analyses were not completed for 

this thesis. The separate analyses are considered in relation with each other in Chapters 4, 5, and 

6, and subsequent work will pursue the combined analyses presented in this section – hence the 

use of future tense. 

First and foremost, the various data collected will be compared in a cross-reference, 

aiming to triangulate findings and determine the extent to which the results are compatible. For 

example, the extent to which the attitudes and opinions voiced in interviews are corroborated by 

survey data, and the extent to which they are commensurate with those voiced in observed 

meetings. Discrepancies will be investigated in the hopes of identifying potential causes. This 

will contribute to the validity and trustworthiness of the data, but may also reveal information 

about the climate within meetings. For example, are participants freely expressing their own 
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views, or do they yield to the will of the majority and/or loudest voices? In considering why a 

particular actor might support or oppose the initiatives, the general climate of trust and free 

speech is an important factor. 

Interviews, observations, and social network analyses will also be combined to enrich my 

understanding of the climate and culture survey responses. While the survey items have been 

validated in K-12 studies, they have not been used at this level and so cannot be assumed to 

measure exactly what is expected. There is redundancy between the interview questions and the 

survey items, which can be compared and reviewed to check for any major discrepancies. Field 

notes and transcripts from meeting observations will be examined for evidence of these same 

culture and climate scales to the extent possible, which can be compared to participants’ scores 

to check for validity. In the event of major discrepancies, member checking may be employed to 

identify missing links or possible misinterpretations (Maxwell, 2013). 

In addition, the climate and culture survey responses will be coordinated with social 

network data in a variety of ways to better understand network structure and the processes of 

influence, diffusion, and tie formation. Causal relationships are unlikely to be determinable, but 

the longitudinal nature of this study makes it a possibility. In this analysis, survey items will be 

scored and appended to actors as node characteristics, and statistics will be used to determine 

relationships. These analyses will include investigating if shared characteristics are associated 

with shared ties (e.g., do high perceptions of collegiality coincide with discussions about 

teaching) and the related question of whether subgroups of instructors share certain views of the 

department. An example of this type of analysis comes from Moolenaar, Sleegers, and Daly 

(Moolenaar et al., 2012) who, in a study of 53 Dutch elementary schools, found using multiple 

regression analysis that well-connected teacher networks (identified through SNA) were 
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associated with strong teacher collective efficacy (identified through Likert-scale instruments), 

which supported student achievement. Some of these same researchers studied five schools in an 

underperforming school district and found an association between interactions focused on 

instruction and sense of grade level efficacy (Daly et al., 2010). While my study does not have 

the scope to measure student outcomes as was done in that study, I can look to see if network 

features are associated with affective climate/culture perceptions. 

Considering subgroups, I expect to see evidence of homophily, the tendency of people to 

associate with those who are similar to them. Within the mathematics department at LSU, what 

characteristics are important for tie/group development? Some of the strongest divides seem to 

be based on race/ethnicity, age, religion, education, occupation, and gender, and these 

demographic features may come into play at LSU as they do in most contexts (McPherson, 

Smith-Lovin, & Cook, 2001). However, the LSU mathematics department is not that diverse 

with regards to these dimension, making it potentially possible to detect more nuanced 

homophily that relates to perceptions of or attitudes toward the department community. While 

causality is always difficult to identify, the longitudinal nature of this study means that there is 

the possibility of seeing ties form and/or sever over the course of three years. In the event that 

there are enough of these events, it may be possible to run statistical models to identify factors 

that predict the formation or dissolution of ties, or the spread of perceptions across ties (Carolan, 

2014; Kolaczyk & Csárdi, 2014; Wasserman & Faust, 1994). 
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Chapter 4: Social Climate in a Changing Department 

This chapter focuses on research goal 1, characterizing the community of the LSU 

mathematics department in which the change initiative under study takes place, as the change 

initiative is implemented. As noted in Chapter 2:, understanding the social context is an 

important part of understanding change. In this chapter, I focus primarily on results from the 

survey instruments deployed over three years, in Fall 2014, Spring 2016, and Spring 2017. These 

surveys were designed to contribute to some of the smaller targets subsumed in research goal 2: 

c) the social structure of the community; d) characteristics of the community; and e) how the 

community responds to the improvement effort. 

This chapter begins by revisiting the data collection methodology, including who 

participated in these surveys, to clarify these results. This is followed by a detailed account of the 

initial development and evolution of two major section of the survey, along with the steps taken 

for data reduction and analysis. Then I present three sections of results. The first considers the 

climate scales which measured people’s perceptions of themselves and the department; the 

second considers characteristics and changes to whole network metrics which describe the entire 

community; the third addresses the positioning of individuals within the overall social structure 

of the department and how that positioning changed over time, if at all.   

Revisiting Setting, Participants, and Survey 

As described in Chapter 3, the data for this chapter comes from online surveys distributed 

to people involved with the P2C2 sequence and the changes happening around those courses. 

The surveys were built and distributed via email using the online Qualtrics platform (Qualtrics, 

2018). The surveys were sent to participants in Fall 2014, Spring 2016, and Spring 2017, and 

remained open for approximately 6 weeks each time. After an initial email invitation to 
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participate in the survey, reminders were sent to those who had not responded, and not opted out, 

roughly every other week until the survey closed. The survey instrument included two main 

sections. The first was a set of agree/disagree items aimed at measuring aspects of the 

departmental climate. The second was a set of social network questions aimed at measuring 

social structure and interaction patterns within the participant group.  

The original participant list included all members of the department of mathematics and 

statistics at LSU and no one else. As the study progressed, it became clear that members of the 

statistics division were very disjoint from issues pertaining to the P2C2 sequence and therefore, 

with the exception of one member who was recently chair of the entire department, were 

removed from the survey roster. It also became clear that there were some administrators and 

staff members associated with particular programs who were in contact with members of the 

department regarding the P2C2 sequence, and these people were added to the roster. When the 

survey was distributed, participants were divided into categories based on their recent 

involvement with the P2C2 sequence: (a) those who taught P2C2 courses within the last two 

academic years; (b) department members who had not taught P2C2 courses within the last two 

academic years; and (c) administrators and staff who were not part of the mathematics 

department. Different groups saw different subsets of the survey items, with those outside the 

department seeing the fewest and recent instructors seeing the most. Details of those decisions 

are presented in the following sections. Participants and their email addresses were obtained 

from the university website. After the surveys closed, data was downloaded from online survey 

platform and then cleaned and analyzed with the open-source R software (R Core Team, 2018). 

Social network analysis was carried out in R using the igraph package (Csárdi & Nepusz, 2006). 
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Analysis and interpretation of quantitative data such as that obtained from these surveys 

is affected by the number and proportion of people who provide that data. Response rates for the 

survey in this study are presented in Table 4.1. Each time the survey was distributed, the 

response rate was above 60%. Note that not every participant answered every item, so in the 

results sections each analysis is accompanied by the number of participants it is calculated for. 

Table 4.1. Response rates for climate and network survey across three years. 

 Population Respondents Response Rate 

Fall 2014 33 25 76% 

Spring 2016 38 24 63% 

Spring 2017 39 28 72% 

  

Climate Scales 

Scales and development. As described in Chapter 3, six 6-point Likert-type scales were 

used in all three survey years (Fall 2014, Spring 2016, Spring 2017) and two were used in only 

the last two years (Spring 2016, Spring 2017). The collected full text of these scales is in 

Appendix B:, but Table 4.2 provides the names of each and how many times they were used. 

Table 4.2. Survey scale names, acronyms, and number of terms used. 

Scale Acronym Years used 

Individual innovative climate IIC 3 

Collective innovative climate CIC 3 

Individual perceptions of students and teaching IPST 3 

Shared perceptions of students and teaching SPST 2 

Collective trust CT 3 

Collaboration PLC_C 3 

Collective involvement PLC_CI 3 

Professional development PD 2 

 

As these scales were adapted from other instruments, some developed in other contexts, it 

was important to check their dimensionality, to confirm that each scale is measuring a single 

construct. This was done first by checking for outlying items within each scale, those that had 
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average responses far from other averages. In ideal scales, the average response on each item 

should be the same. In the following paragraphs, each scale’s intended target is explained along 

with the results of outlier checks. 

The individual innovative climate scale (IIC) is aimed at measuring the extent to which 

individuals are able to be innovative with regards to their teaching. The original scale of 10 items 

included three that required reverse coding, as they asked about non-innovation. Two items 

showed as outliers and were thrown out of the scale, leaving 8 items, two of which are reversed. 

The collective innovative climate scale (CIC) is a parallel scale to SIIC, asking about how 

innovative (in general) instructors in the department are able to be. This scale consists of 8 items, 

and none were reverse coded. Analysis of this scale did not identify any items requiring removal. 

The individual perceptions of students and teaching (IPST) scale is aimed at identifying 

each participants’ attitudes and beliefs about students and teaching. Three of the nine scale items 

appear to hang together and not with the rest of the items. The subject in these items are the 

students, while in the others it is the participant. Further analysis is needed to determine the 

extent to which these three items form a separate scale, but here I report on the other 6 items as a 

scale. The shared perceptions of students and teaching (SPST) scale is not parallel to IPST, but 

is intended to measure similar constructs in a collective way. That is, how do participants 

perceive their colleagues’ attitudes and beliefs about students and teaching. One item was thrown 

out as an outlier, which was related to beliefs about students’ prior preparation. 

The collective trust (CT) scale aimed to measure the extent to which members of the 

community trust and respect each other. This scale focused on emotional trust (as opposed to 

reliability) and asked about respect in relation to instruction. None of the seven items appeared to 

be outliers. 



 

99 

Two scales were originally developed in the context of professional learning 

communities: collaboration (PLC_C) and collective involvement (PLC_CI). The PLC_C scale 

consists of six items aimed at measuring the strength of a collaborative environment, focused 

mainly on informal relationships among department members. One item, about generic 

cordiality, was removed as a high outlier. PLC_CI is a seven-item scale aimed at more concrete 

examples of collaboration and the extent to which the community is actively engaged with 

departmental issues, particularly regarding students and teaching. 

The professional development (PD) pseudo-scale is a set of six items intended to identify 

available professional development opportunities. While adapted from an existing “scale,” the 

collection of items does not really fit that definition, and analysis of item responses confirms that 

issue. As such, these items are not reported on in this manuscript, though individual items may 

prove useful in future analyses. 

Data reduction and analysis. Participants in the survey were able to skip items without 

penalty, and many did so. For the analysis, these blanks needed to be dealt with. A threshold of 

50% was selected for each scale, so that participants’ responses on a particular scale were only 

included if they responded to at least half of that scale’s items. No item was skipped particularly 

more than any other. Individual scale scores were calculated for each respondent by averaging 

their item responses for that scale. Overall scale scores were calculated by averaging all 

responses to each scale. These scores were calculated separately for each term in which the scale 

was used.  

In addition to using these scores as descriptors of individual and collective views of the 

climate at LSU, they were used to look for change over the duration of the study. To mitigate 

interpretation concerns, analyses were selected that control for individual variation. For SPST, 
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which was only used twice, this means using a paired two-sample t-test. For the other scales, 

which were used three times, I use within-subject repeated measures ANOVA. This involves a 

further reduction of usable data, to only those who participated in every term.  

Social Network Surveys 

Items and development. The social network questions asked of participants were based 

on those used in prior studies of social interactions in undergraduate STEM departments 

(Apkarian & Rasmussen, 2017; Quardokus Fisher & Apkarian, forthcoming). Table 4.3 shows 

the text of these social network questions, and the terms in which they were part of the survey. 

Table 4.3. Social network questions and the survey terms during which they were asked of participants. 

Item Fa14 Sp16 Sp17 

Who do you go to for advice related to teaching lower-division, 

undergraduate mathematics courses? 

X X X 

Who (or whose websites) do you go to for instructional materials 

(e.g., syllabi, assessments, lesson plans, rubrics, sample problems)? 

X X X 

During your most recent semester of instruction, with whom did you 

discuss instructional activities (e.g., teaching strategies, student 

learning, grading, student achievement)? 

X X X 

With whom (of the following) do you have a close friendship? [By 

“close friend” we mean a person with whom you share personal 

information or with whom you spend time in informal activities (e.g., 

dinners, coffee breaks, happy hours, sporting events)] 

X X X 

Of the following, whom do you consider influential on your teaching?  X X X 

During the most recent academic semester, with whom (of the 

following) did you discuss research activities (e.g., research content, 

journals for publication, consulting)? 

 X  

During the last academic semester, with whom (of the following) have 

you discussed the changes happening in the LSU mathematics & 

statistics department? 

 X X 

 

Note that the question about discussion partners related to research activities was asked 

only once. This item was added following concerns that, in addition to friendships, research 

partnerships might muddy interpretation of interaction patterns. It was removed in Spring 2017 

due to conflicts with the SEMINAL project, who were collecting survey data at that time as well. 
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As this is the only item which does not have longitudinal data for comparison, its analysis is 

omitted from this chapter – but will be a part of future work related to this study. 

Data reduction and analysis. As reported in Table 4.1, survey response rates were 

above 60% for each survey distribution. While this response rate is high enough for analysis, it 

falls short of the 80% target set by some social network researchers (Carolan, 2014; Daly, 2010; 

Henderson et al., forthcoming). However, it is high enough to use many network metrics and to 

compare across time, and is much higher than those published elsewhere (T. C. Andrews et al., 

2016; Quardokus & Henderson, 2015). 

In line with Quardokus Fisher and Apkarian (Quardokus Fisher & Apkarian, 

forthcoming), I use components and diameter to understand how connected the community is, 

and mean degree and degree centralization to understand how social ties are distributed within 

the department. In addition to those metrics, I include median and interquartile range of degree, 

edge density, and inclusivity to further unpack the distribution of degree across members of the 

community, and community detection algorithms for a more subtle approach to subgroupings. 

While these metrics reveal much about the overall network and community, they can also be 

used to identify individuals of interest. For example, measures of central tendency can also be 

used to pinpoint high or low outliers (Apkarian & Rasmussen, 2017). These metrics are reported 

both as standalone values and in terms of their change over time. Table 4.4 gives the definitions 

of these measures. 
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Table 4.4. Social network metrics and their definitions. 

Metric Definition 

Component A group of nodes connected to each other and not connected to any 

nodes outside that group 

Diameter The longest shortest path between any two nodes in the graph 

Degree centralization Variation in degree divided by maximum possible degree 

Inclusivity Proportion of nodes with at least one tie in or out 

Community detection 

algorithm 

A group of nodes connected more to each other than nodes outside 

the group; detected using randomization algorithms 

Edge density The ratio of ties (edges) that exist to the total possible number of ties 

 

The measures of connectedness are calculated only for symmetric data, based on who 

saw which item – and using the minimal set across all three terms for cases where it changed. 

That is to say, for those analyses each network’s data set was reduced to include only nodes who 

saw that item each term the item was asked and the relationships between those nodes. Measures 

of degree distribution using only in-degree are calculated using the entire roster of options. 

Who Saw What 

As noted, not every participant saw every question, and who saw what changed over time 

as the survey design became more sophisticated and with the involvement of the SEMINAL 

team. In order to make sensible comparisons, analysis was done on data sets reduced to the types 

of people who saw items across multiple terms. That is, if an item was shown only to department 

members in one term, it was only ever analyzed for the subset of department members. The 

groups included in each analysis are shown in Table 4.5. The groups of people were (a) P2C2 

Instructors, those who taught P2C2 courses within the previous two academic years; (b) 

Department, faculty and lecturers in the mathematics and mathematics education divisions of the 

mathematics department; and (c) Admin/Staff, members of the administration and staff members 

who had a direct involvement with the P2C2 sequence as determined throughout the study. 
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Table 4.5. Which groups of people were included in the analysis of each survey item, based on their general role at 

LSU in relation to the P2C2 course sequence. An “X” indicates that they were included, while a “-“ indicates they 

were not. 

 P2C2 

Instructors 

Department Admin/Staff 

Individual innovative climate X X - 

Collective innovative climate X X X 

Individual perceptions of students and 

teaching 
X X - 

Shared perceptions of students and 

teaching 
X X X 

Collective trust X X - 

Collaboration X X - 

Collective involvement X X - 

Professional development X - - 

Teaching advice X - - 

Instructional materials X - - 

Teaching influence X - - 

Teaching discussion X X X 

Friendship X X X 

Change discussion X X X 

 

Results 1: Climate Scales 

Overview of Scale Data 

Table 4.6 shows the overall scores for each scale, for each of the three terms it was 

deployed. The six-point scale ranged from 1=strongly disagree to 6=strongly agree, so that a 

score of 3.5 would be neutral, while scores above indicate that an aspect of the department is 

perceived as present or positive. 
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Table 4.6. Overall scores for each Likert scale for each term of the study. The associated N values are for the 

number of respondents who answered at least 50% of the items in the scale. 

 Fall 2014 Spring 2016 Spring 2017 

N Score N Score N Score 

IIC 26 5.05 34 5.11 23 5.17 

CIC 22 3.74 29 3.76 24 3.93 

IPST 23 4.74 33 4.37 22 4.63 

SPST - - 29 3.77 22 3.92 

CT 27 4.07 30 3.97 22 4.03 

PLC_C 25 3.74 30 3.90 22 4.12 

PLC_CI 24 3.69 28 3.89 22 4.08 

 

The scores reported in Table 4.6 show that the overall measures do not appear to shift 

much over time. Table 4.7 summarizes statistical analysis of repeat respondents to test for 

changes while controlling for individual interpretations of the scale items and the six-point 

response scale. 

Table 4.7. Statistical analysis of changes over time in scale scores, controlling for individual interpretation of items. 

N is for the number of respondents who have a scale score for each term the item was offered. 

 Statistic p-value Test N 

IIC F(2,14)=0.115 0.891 Within-subject repeated measures ANOVA 15 

CIC F(2,13)=0.014 0.986 Within-subject repeated measures ANOVA 14 

IPST F(2,12)=1.858 0.178 Within-subject repeated measures ANOVA 13 

SPST t(15)=-1.201 0.249 Paired two-sample t-test, two-tailed 16 

CT F(2,14)=1.463 0.249 Within-subject repeated measures ANOVA 15 

PLC_C F(2,13)=0.322 0.730 Within-subject repeated measures ANOVA 14 

PLC_CI F(2,13)=0.943 0.402 Within-subject repeated measures ANOVA 14 

 

As seen in Table 4.7, there were no significant differences in participants’ responses to 

any of the scales over time, and so we cannot reject the null hypothesis of no change. This is 

indication that the overall climate did not change during the three years of this study. This is not 

equivalent to saying that no one changed, only that the overall perceptions of these aspects of 

climate did not. As there was no measurable change between response terms, I interpret the data 

overall rather than by term. 
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Interpretation of Climate Scales 

Only one scale has responses which correspond to “agree:” the IIC scale. The parallel 

CIC scale lies between “neutral” and “somewhat agree,” giving the impression that individuals 

view themselves as more innovative and engaged with improving their teaching than the 

department as a whole. The next highest scale hovers between “somewhat agree” and “agree:” 

IPST. Again, the corresponding SPST scale is lower, between “neutral” and “somewhat agree.” 

The impression is that individuals view themselves as more interested in and capable of teaching 

than the department as a whole. This is in line with the commonly seen cognitive bias called 

illusory superiority, in which people display a tendency to see themselves as above average, even 

when they are able to gauge what that average is fairly well (Hoorens, 1993). 

The remaining three scales, CT, PLC_C, and PLC_CI, all have responses which hover 

around “somewhat agree.” These scales measure variations on the theme “do people work 

together here?” and this weak agreement implies that the answer is “not really.” Across the years 

of this survey, variations on the comments “some faculty do and some don't” (Fa14), “some I 

have knowledge of and others I do not” (Fa14), “it really depends on the individual faculty” 

(Sp17) were submitted. Combined with the Likert scale responses, the implication is that this 

department is not particularly coherent or collaborative, such that its members note variation 

across individuals and subgroups within the community. However, the responses are not in 

opposition to statements of cooperation and collaboration. Together this seems to imply a 

disconnected, though not antagonistic, community.  

Results 2: Whole Networks Over Time 

Connectedness 
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First I consider the connectedness of the networks and how that changed over time, using 

the metrics displayed in Table 4.8. The advice, materials, and teaching influence networks 

include as nodes those who taught P2C2 courses in a given term or prior terms, along with the 

members of the P2C2 supervisory committee. Discussion of teaching, friendship, and discussion 

of changes (not used in Fall 2014) include all members of the mathematics and mathematics 

education divisions of the department.  

Table 4.8. Connectedness metrics for whole network analysis, across six networks and three terms. 

Term Network Nodes Edges Diameter Inclusivity Components Density 

F
al

l 
2
0
1
4

 Teaching advice 10 14 3 1 1 0.16 

Instructional materials 10 11 3 0.90 1 + 1 isolate 0.12 

Teaching influence 10 9 2 0.80 1 + 2 isolates 0.10 

Teaching discussion 34 101 6 0.94 1 + 2 isolates 0.09 

Friendship 34 47 8 0.71 1 + 10 isolates 0.04 

S
p
ri

n
g
 2

0
1
6

 Teaching advice 13 22 3 0.77 1 + 3 isolates 0.14 

Instructional materials 13 8 2 0.69 1 + 4 isolates 0.05 

Teaching influence 13 7 2 0.69 1 + 4 isolates 0.04 

Teaching discussion 36 107 5 0.89 1 + 4 isolates 0.08 

Friendship 36 41 7 0.64 1 + 1 dyad + 13 isolates 0.03 

Change discussion 36 147 4 0.89 1 + 4 isolates 0.12 

S
p
ri

n
g
 2

0
1
7

 Teaching advice 19 26 3 0.79 1 + 4 isolates 0.08 

Instructional materials 19 12 2 0.63 1 + 7 isolates 0.04 

Teaching influence 19 20 2 0.68 1 + 6 isolates 0.06 

Teaching discussion 35 121 6 0.94 1 + 2 isolates 0.10 

Friendship 35 40 5 0.60 1 + 14 isolates 0.03 

Change discussion 35 101 4 0.80 1 + 7 isolates 0.08 

 

Each network consists of one component and some isolates, excepting the Spring 2016 

network which also had a disjoint dyad. This indicates that, for each network, there is one major 

interactive group and some who are not involved – and those not in the main component do not 

form a separate community. Considering the isolates and inclusivity measures, it can be seen that 

the teaching advice, teaching influence, and instructional influence networks include a lower 

proportion of the P2C2 group each term, as the number of people in the group grows. This may 

be due in part to the fact that some in the group did not teach every year, and so may have 

stopped participating in these networks. The discussion of teaching network is the most stable 
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with regards to inclusion, with 2, then 4, then 2 isolates. The friendship network follows the 

decreasing trend of the P2C2 networks, though with smaller changes that may be somewhat 

negligible – as one might expect from such a network among a fairly stable pool of people. The 

discussion of change network was only used twice, after changes were implemented, and is most 

active during the first year of changes. Finally, I note that inclusivity scores are 60% or higher in 

every network in every term, indicating that the majority of the members of these pools are 

actively engaged in social interactions related to instruction. 

Detected communities. A more fine-grain investigation of communities can be done 

using community detection algorithms, which look for groupings of nodes that are not 

necessarily disjoint, but are more connected to each other than other nodes. As these algorithms 

are randomized and somewhat sensitive, Table 4.9 shows values resulting from using leading 

eigenvector community detection on the main component of the department-wide networks 

(Newman, 2006). Explaining the resulting subgroups can be difficult, but the phenomenon of 

homophily is likely involved (McPherson et al., 2001). In the following, I consider possible 

explanations for the detected subgroups. 

Table 4.9. Community metrics for department-wide networks across three terms, calculated using a leading 

eigenvector community detection algorithm (Newman, 2006). 

Term Network Nodes Edges Main Component 
LE 

Communities 

LE 

Modularity 

F
al

l 

2
0
1
4
 

Teaching discussion 34 101 (32, 101) 3 0.30 

Friendship 34 47 (24, 47) 4 0.48 

S
p
ri

n
g
 

2
0
1
6

 Teaching discussion 36 107 (32, 107) 3 0.32 

Friendship 36 41 (21, 40) 5 0.37 

Change discussion 36 147 (32, 147) 3 0.18 

S
p
ri

n
g
 

2
0
1
7
 Teaching discussion 35 121 (33, 121) 5 0.20 

Friendship 35 40 (21, 40) 5 0.46 

Change discussion 35 101 (28, 101) 3 0.24 
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From the values in Table 4.9, it appears that there are likely sub-communities with 

regards to friendship, as the modularity values are relatively high. This may be due to a range of 

factors regarding how people choose friends. The change discussion network, used only in 

Spring 2016 and Spring 2017, has lower modularity values. This is consistent with the idea that a 

portion of the department was involved in the change initiative, as well as the fact that there were 

other changes occurring in parallel – perhaps those focused on calculus for biology majors form 

a clique. Further analysis is needed to parse out the impact of those communities, and there are 

myriad factors at play.  

The discussion of instructional activities network is perhaps the most interesting of these 

three. The construct itself is interesting, as it relates to the establishment of norms for teaching, 

and the modularity scores are high enough to imply real sub-communities, though this decreases 

in Spring 2017 when the number of communities detected increased from three to five. Figure 

4.1, Figure 4.2, and Figure 4.3 show sociograms of the main component of the teaching 

discussion networks from each term of study, with membership according to the community 

detection algorithms indicated by node color and numeric label. 
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Figure 4.1. Sociogram of main component of teaching discussion network from Fall 2014, with membership in three 

detected subgroups labeled. 

The Fall 2014 teaching discussion network appears as three sub-communities, as seen in 

Figure 4.1, with a modularity score of 0.30. Group 1 (orange) consists of twelve nodes; group 2 

(blue) consists of seven nodes; and group 3 (green) consists of thirteen nodes. Every member of 

the department with mathematics education as a primary or secondary focus is in group 1, and 

they compose 66% of that group’s nodes (8 of the 12). Group 3 contains all but one of those who 

had taught P2C2 courses in the prior academic year, with the one being a member of the 

mathematics education department and in group 1. The recent P2C2 instructors make up 54% of 

group 3. 
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Figure 4.2. Sociogram of main component of teaching discussion network from Spring 2016, with membership in 

three detected subgroups labeled. 

The Spring 2016 teaching discussion network also appears as three sub-communities, 

shown in Figure 4.2, with a modularity score of 0.32, slightly higher than that seen in Fall 2014. 

Group 1 (orange) consists of ten nodes; group 2 (blue) consists of eleven nodes; and group 3 

(green) consists of eleven nodes. Similar explanations are found for this grouping as in Fall 

2014, though even more extreme. All those with mathematics education as a primary or 

secondary focus are in group 2, and they comprise 73% of that group’s nodes (8 of 11). One of 

the other nodes is a graduate student whose advisor is in the mathematics education division, 

which arguably brings their proportion up to 82% (9 out of 11). Group 3 is a P2C2 heavy group. 

Of the eleven members, six (55%) are active P2C2 instructors; of the remaining five one is the 

department chair, two were heavily involved in prior P2C2 initiatives, and one is a relative of a 

P2C2 instructor. Of the ten members of group 1, none were recent P2C2 instructors, nor were 

any of them major players in prior P2C2 initiatives. 
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Figure 4.3. Sociogram of main component of teaching discussion network from Spring 2017, with membership in 

five detected subgroups labeled. 

The Spring 2017 teaching discussion network breaks into five sub-communities, but with 

a lower modularity score of 0.20 indicating that these boundaries are less precise than in other 

terms. The groups are also smaller than in prior terms, with eight nodes in group 1 (orange); six 

nodes in group 2 (light blue); eight nodes in group 3 (green); four nodes in group 4 (yellow); and 

seven nodes in group 5 (dark blue). However, some groups still have fairly clear associations 

between members. The six nodes in group 2, for example, are exactly the six members of the 

department involved in Precalculus during the 2016-17 academic year: five instructors and the 

coordinator. Six of the eight nodes in group 3 (75%) have mathematics education as their 

primary or secondary focus, and the only other department members with this focus are the 

Precalculus coordinator and a recent MATS graduate lecturing in Precalculus. Three of the seven 

members of group 5 were Calculus 2 instructors in the 2016-17 academic year, including the 

course coordinator. The only Calculus 2 instructor not in this group taught all three P2C2 courses 

over the year and is a member of group 2. Group 4 includes the Calculus 1 coordinator and three 

1

2

5 5

1

4

4

2

5

2

4

3

4

1

3

3

1

2

5

1

3

1

1

3

3

2

3 1

5

5

5

2

3



 

112 

senior members of the mathematics division of the department, and based on the interviews and 

observations, a common theme among these four may be their resistance to the ongoing change 

initiative. 

Looking at the teaching discussion sub-communities across all three terms of the study, 

evolution can be seen. While the observations of common roles and experiences are not strictly 

causal, they are coherent characterizations that accord with theories of change and community. 

These characterizations have some implications for understanding the arc of change at LSU. 

Across time, those focused on mathematics education research talked primarily to others with 

their focus about instruction. Prior to the change initiative, there were conversational 

communities split along instructional lines – that is, people teaching in the P2C2 sequence talked 

more with others teaching those courses than with people not teaching those courses. These lines 

became even more striking during the first year of the change initiative, when the P2C2 courses 

were first being coordinated. In Spring 2017 there was an uptick in the number of conversation 

partners about instruction (from 101 to 107 to 121 edges), and finer-grain divisions emerged. In 

particular, Precalculus seems to have formed a focused clique; the Calculus 2 coordinator seems 

to have created a posse, and a group of less-than-enthused members appear to be discussing the 

situation with each other. 

Distribution of Connections 

Looking at the distributions of ties across members of the network yields information 

about power dynamics and influence within the department. In particular, the metrics displayed 

in Table 4.10 yield information about the extent to which influence and status, with regards to 

particular constructs, are concentrated or distributed. As advice, materials, and influence are 

directed constructs, I use in-degree centralization for those. 
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Table 4.10. Distribution of connections metrics for six networks over three years. 

Term Network Nodes Edges 
(In-) Degree 

Centralization 

Mean 

degree 

Median 

in-degree 

IQR in-

degree 

F
al

l 
2
0
1
4
 Teaching advice 10 14 0.18 (in) 2.8 1 1 

Instructional materials 10 11 0.10 (in) 2.2 1 1 

Teaching influence 10 9 0.12 (in) 1.8 1 0.25 

Teaching discussion 34 101 0.28 5.9 2 4 

Friendship 34 47 0.11 2.8 2 2 

S
p
ri

n
g
 2

0
1
6
 Teaching advice 13 22 0.28 (in) 3.4 2 2 

Instructional materials 13 8 0.12 (in) 1.2 1 1 

Teaching influence 13 7 0.12 (in) 1.1 1 1 

Teaching discussion 36 107 0.36 5.9 3 4 

Friendship 36 41 0.10 2.3 1 1 

Change discussion 36 147 0.45 8.2 3.5 4 

S
p
ri

n
g
 2

0
1
7
 Teaching advice 19 26 0.20 (in) 2.7 1 3 

Instructional materials 19 12 0.19 (in) 1.3 1 1.25 

Teaching influence 19 20 0.22 (in) 2.1 1 2 

Teaching discussion 35 121 0.33 6.9 2 4 

Friendship 35 40 0.09 2.3 2 2 

Change discussion 35 101 0.39 5.8 2 4.75 

 

Higher degree centralization scores indicate more concentration of ties, with a score of 1 

attainable only from a star graph, and a score of zero attained when every node has the exact 

same number of incident edges (L. C. Freeman, 1978). Figure 4.4 shows these scores for each 

network in the terms it was measured.  
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Figure 4.4. Chart showing change in degree centralization for six networks across time. The labels in the legend are 

in the same top-to-bottom order as the right-most data points from Spring 2017. 

It can clearly be seen in Figure 4.4 that both scores and trends were not uniform across 

networks. Centralization scores for the friendship network remain fairly stagnant over time, 

meaning that there is no evidence to suggest much change in regards to the structure of that 

network. The low scores imply that friendship is distributed across members of the department, 

rather than concentrated among a small popular crowd.  

The three directed networks (influence on teaching, advice about teaching, and borrowing 

of instructional materials) are also those which are part of the P2C2 involved subset of the 

department – including active P2C2 instructors and the supervisory committee. The influence 

and material sharing networks are very close to the friendship network in Fall 2014 and Spring 

2016, but surge upwards in the Spring 2017 data. This indicates that at the end of this study, 

people were consistently identifying a small group as influential on their teaching and sources for 

instructional materials – though to understand if it is the same small group requires analysis of 

0.45

0.39

0.28

0.36

0.33

0.12 0.12

0.22

0.18

0.28

0.20

0.10

0.12

0.19

0.11
0.10

0.09

0.00

0.10

0.20

0.30

0.40

0.50

Fall 2014 Spring 2016 Spring 2017

Degree Centralization of Networks Across Time

ChangeDisc

TeachDisc

Influence

Advice

Materials

Friendship



 

115 

individual positioning. The advice network had higher centralization in Fall 2014 than these 

three networks, which increased in the first year of changes, and then decreased to the level of 

the influence and materials networks in the second year. This indicates that during the first year 

of changes people sought out advice from a select few, and afterward that advice became more 

distributed among members – to roughly the same extent as the other directed networks. Again, 

to ascertain whether this is the same group of people requires investigation of individual 

positioning within these networks. 

The two discussion-based networks are at the top of the chart in Figure 4.4, with high 

centralization scores. Discussions of teaching and ongoing change are therefore concentrated in a 

small group of people, and this is most extreme in the first year of changes, though both remain 

much more centralized than any of the other networks at the end of the study. 

 

Results 3: Individuals Over Time 

The data corpus for this study is extensive, and with a participant list over 50 there are 

more individual stories to tell than is possible in even this long manuscript format. Therefore, I 

present a few stories rather than an exhaustive review, selected as particularly relevant to the 

change initiative’s goals of improving instruction. The first are grounded primarily in the 

network data, followed by investigations of the network positions of those with interesting roles 

in the department and/or change process. 

Sources of Advice 

One of the most common avenues of investigation of individuals in networks is of 

centrality. There are many metrics for this, each of which use a particular interpretation of 

importance. The most basic of these associates importance with degree, or number of ties. In 
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symmetric relations, such as discussion, it makes sense to use total degree as a marker of 

involvement – those with the highest degree are having the most conversations. In asymmetric 

relations like advice, where a nomination indicates a nomination of expertise, it makes sense to 

use in-degree – those with the highest in-degree have received the most nominations (Daly, 

2010; Newman, 2010). Figure 4.5 shows the in-degree values for each person in the advice 

network across the three terms of study. In this figure, N=49 refers to the 49 unique individuals 

who were part of the mathematics department over the duration of the study, though in each term 

of study the number of participants was closer to 35. This variation is due to adjunct rotation, 

hiring, and retirements.  

 
Figure 4.5. Chart showing change in individuals' in-degree for the advice network across time. Each line represents 

an individual node, and the height of each point is the number of nominations received. N=49. 

Figure 4.6 shows the same data as in Figure 4.5, but scaled to account for collective 

variation. In that figure, individuals’ scores represent their distance, in IQR, from the median of 
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non-isolated actors’ in-degree4. Median and IQR scores for all networks were presented in Table 

4.10, but using subgraphs. Table 4.11 has these values for the full advice network. 

Table 4.11. Median and interquartile range (IQR) of in-degree of non-isolated actors in the advice network over 

time. 

 Fall 2014 Spring 2016 Spring 2017 

Median 2 1 1 

IQR 2 2 2.5 

 

 
Figure 4.6. Chart showing change in individuals' in-degree for the advice network over time. Values are the number 

of interquartile ranges (IQRs) above the median, with median and IQR calculated for non-isolates. N=49. 

Comparing the two figures, a trend of increasing and decreasing (or staying steady) holds 

for most participants, and is not due only to an increase in the number of conversations. The 

                                                 

4 In R, this is calculated for a graph g as: (degree(g, mode=“in”)-median(degree(g, 
mode=“in”)[degree(g)>0])/IQR(degree(g, mode=“in”)[degree(g)>0]) 
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group of participants who really “peak” in Spring 2016 are likely producing the data responsible 

for the spike in degree centralization shown in Figure 4.4. 

Only five actors ever breach the outlier boundary of 1.5 IQR away from the mean, all in 

the positive direction, but this is not static across time.  

The person with highest in-degree in Fall 2014 (5, 1.5 IQR) remains an outlier in Spring 

2016 (5, 2 IQR), but in Spring 2017 is no longer extreme – and his in-degree decreased in 

absolute terms as well (3, 0.8 IQR). While not originally an outlier, the actor with second highest 

in-degree in Fall 2014 also experienced a decrease in centrality. This is potentially indicative of a 

loss of status by “old” experts under the new system. 

In Spring 2016, four actors surge from ±0.5 IQR from the mean to being high outliers; 

two of these remain high outliers in Spring 2017 while the other two return to within one IQR 

from the median. All four of these actors were major players in the change initiative. The two 

who are only outliers in Spring 2016 are the department chair (who spearheaded the initiative) 

and a senior mathematics education researcher who is part of the P2C2 supervisory committee. 

The two who remain outliers are the Calculus 2 coordinator and the Precalculus coordinator, the 

latter of whom is also the director of the new learning center. In conjunction with the previous 

interpretation, it is possible that these two have “replaced” the prior two experts during the 

change process. 

Teaching Discussion 

The teaching discussion network reveals who is involved in conversations about 

instruction of lower-division undergraduate mathematics courses (specifically P2C2 courses). 

This is the network that reveals pathways through which social capital can be access, and 

through which norms for and about instruction are being negotiated (Adler & Kwon, 2002; 



 

119 

Brown & Duguid, 1991; Daly, 2010; Henderson et al., forthcoming; Lin, 2002; Wenger, 1998). 

It is therefore useful to understand who is central in this network, as they have the potential to 

access and be accessed the most, as well as being a common factor in negotiation of what it 

means to teach mathematics at LSU. 

The construct of betweenness is particularly appropriate for this line of inquiry, as it 

highlights how often an actor is on the shortest path between any two actors in the network 

(Borgatti, 2005; Newman, 2010). An actor with a high betweenness score is literally “in the 

middle” of conversations and functions as a hub for information sharing (Carolan, 2014; 

Kadushin, 2011). Figure 4.7 shows betweenness scores for the math department network across 

time, in the network of discussions about teaching. 

 
Figure 4.7. Chart of betweenness scores in the teaching discussion network over time. Each line represents a single 

actor, N=49. 

Immediately, one actor stands out as having incredibly high betweenness compared to the 

others: the department chair. This means that he is a vital connector of other members of the 

department. A cursory check reveals that if he is removed from the discussion network, the 
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number of isolated actors increases. This result is compatible with his own description of his 

informal role as a mediator in the department (Sp16). 

In Spring 2017, the next highest betweenness scores belong to the Calculus 1 and 

Calculus 2 coordinators, in that order. While the Calculus 1 coordinator started in Fall 2014 with 

a similar score, which dipped and then returned, the Calculus 2 coordinator had betweenness of 0 

in Fall 2014, and rose across terms. The Precalculus coordinator’s betweenness is low to begin 

with, and stays low throughout the study. This does not mean she was not as involved as the 

other coordinators, only that she was not as integral in connecting otherwise disparate members 

of the community. 

Department Leaders 

The construct of leadership has many definitions and many connotations, but common to 

most is that leadership is situated, relational, and both formal and informal (Carter et al., 2015). 

Social network analyses are therefore well positioned to identify leaders, as they are specific to a 

community, analyze relationships, and can detect informal patterns (Apkarian & Rasmussen, 

2017; Carter et al., 2015). The previous sections consider particular networks, and those who 

emerge as important actors within those networks. Here, I consider a multifaceted approach to 

leadership by looking across networks for actors who are important in multiple ways – again by 

using the median and interquartile range of in-degree to identify outliers in the positive direction. 

This analysis is in line with other work investigating the leadership role of course coordinators 

(Apkarian & Rasmussen, 2017). I consider each year of the study in turn, followed by a brief 

discussion of the changes across those years. 

Fall 2014. The Fall 2014 data was captured prior to the initiation of major change efforts 

in the department, and before people’s roles in the initiative had been established – though 
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discussion of the possibilities had begun. Table 4.12 shows values for IQR above the median in-

degree, for the ten actors with in-degree 1 or more above the median in any of the networks and 

the future Calculus 2 coordinator. The IQR for the influence network in Fall 2014 is 0, therefore 

IQR above the median is a meaningless result; absolute in-degree is reported instead. 

Table 4.12. IQR above the median in five networks for Fall 2014, for actors with in-degree at least one IQR above 

the median and those who would gain official titles in the upcoming initiative. The chair and course coordinators are 

labeled as such, while others are given IDs that indicate their division (MA for Mathematics; ME for Mathematics 

Education). 

ID Advice Materials 
Influence 

(1,0) 

Teaching 

Discussion 
Friendship 

Chair    1.5  

PC Coord.  1 [3] 1.5 1.5 

C1 Coord.  1    

C2 Coord.      

Ctte 01    1 1 

MA 03   [2] 1.25  

MA 07 1.5 2 [6] 1.5  

MA 10   [2]   

MA 11 1 1  1.5  

ME 01     2 

ME 02    1  

 

In this term, the actor designated MA07 appears as an informal leader with regards to 

multiple facets of instruction, as his in-degree is quite high with regards to multiple departmental 

networks. Not so far behind is the actor who would become the Precalculus coordinator and the 

director of the LCMS. MA11 is an outlier in three networks, but not as extremely as the other 

two. No other member of the department popped in more than two networks. In particular, the 

future Precalculus coordinator is the only member of the current P2C2 supervisory committee 

who popped in multiple relations prior to the implementation of the change initiative. 

Spring 2016. The Spring 2016 data was collected toward the end of the first year of the 

change initiative, during which time three coordinators were appointed and the Calculus Task 

Force was reincarnated as the smaller P2C2 supervisory committee. Table 4.13 shows the 
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number of IQR above the mean for the fifteen who had outlying in-degree in at least one Spring 

2016 network. Note that of these fifteen, six (MA01, MA05, MA06, MA08, MA10, and ME01) 

are outliers only in the friendship network, which is not necessarily related to instructional 

practice. 

Table 4.13. IQR above the median in six networks for Spring 2016, for actors with in-degree at least one IQR above 

the median. Actor labels continue from the previous table. 

ID Advice Materials Influence 
Teaching 

Discussion 

Change 

Discussion 
Friendship 

Chair 4   2 2.75 2 

PC Coord. 2.5 1.5 1.5  1.25  

C1 Coord. 1      

C2 Coord. 4 1 1.5 1.5 1.75 5 

Ctte 01 3 1.5 3 1.5 1 3 

MA 01      1 

MA 02    1 1 2 

MA 04  1.5     

MA 05      1 

MA 06      1 

MA 07 2  1 1.5 1.75 4 

MA 08      1 

MA 09 1      

MA 10      1 

ME 01      1 

 

Two actors in Spring 2016 are high in all six networks: the Calculus 2 coordinator and 

the lead mathematics education researcher on the P2C2 supervisory committee (Ctte01). The two 

are fairly evenly matched in terms of leadership, though the emphasis is slightly different with 

the Calculus 2 coordinator more prominent in advice, discussions of the ongoing change, and 

friendship; Ctte01 is more prominent as a source for instructional materials and influence on 

teaching practice. These are the most prominent informal leaders in the department. Two actors 

who also have high markers of leadership are the Precalculus coordinator (and director of the 

LCMS) and MA07. These two were the clearest leaders in Fall 2014, and while the Precalculus 
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coordinator’s position has been elevated in advice and instructional materials, the strength of 

MA07’s position has waned. This seems in accordance with his low involvement in the change 

initiative, as he does not have a formal role in the new system. The department chair is also 

present as a leader in Spring 2016, though not in relation to instructional materials or influence 

on teaching practice.  

Spring 2017. The Spring 2017 data was collected toward the end of the second year of 

the change initiative, as the new structures became more solidified. The P2C2 supervisory 

committee continued to meet regularly and tweak various elements of the P2C2 program, 

particularly the coordination system, but there were no major new aspects to the initiative. Table 

4.14 shows the number of IQR above the mean for the nine actors who had extreme in-degree in 

at least one of the six networks measured in Spring 2017.  

Table 4.14. IQR above the median in six networks for Spring 2017, for actors with in-degree at least one IQR above 

the median. Actor labels continue from the previous table. 

ID Advice Materials Influence 
Teaching 

Discussion 

Change 

Discussion 
Friendship 

Chair   1 1.75 2.5 1 

PC Coord. 1.6  4 3 2.1 1 

C1 Coord.    1.5 1.3  

C2 Coord. 1.6 1.7 3 2.5 1.3  

Ctte 01   2 1 1.3 1 

Ctte 02     1.3  

MA 04   1    

MA 06    1.25   

MA 07    1 1.3  

 

The strongest evidence for multifaceted leadership in Spring 2017 is for the Precalculus 

coordinator and the Calculus 2 coordinator. They are each outliers in five of the six networks, 

with the Precalculus coordinator absent in the materials network and the Calculus 2 coordinator 

absent from the friendship network. The Precalculus coordinator is a more extreme of an outlier 

in instructional influence, discussion of teaching, and discussion of change.  
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The department chair and Ctte01 are present as outliers in the networks related to 

generalized influence and negotiation of norms: influence on instruction, friendship, and the two 

discussion networks. This is a shift but not a decrease for the department chair, but it is a 

decrease in the stature of Ctte01. MA07, who was quite prevalent in previous terms, is no longer 

a major player across the networks related to P2C2 instructional practice – though he is still part 

of ongoing discussions. 

Leadership summary. There is evidence of the existence of leadership within the 

department in relation to instruction in P2C2 courses, and evidence that this shifted throughout 

the change initiative. Figure 4.8 provides a graphical summary of the information in Table 4.12, 

Table 4.13, and Table 4.14, which helps visualize some of the trends across time. 

 

Figure 4.8. Sparkcharts of data from previous three tables, comparing IQR above the mean for each network over 

time. 

From the previous paragraphs and sparkchart figure, one major trend is the emergence of 

leadership. In Fall 2014 there was one actor in the network who was an informal leader with no 

formal title, and aside from him the networks were generally quite distributed. In Spring 2016, he 

Chair

PC Coord

C1 Coord

C2 Coord

Ctte 01

Ctte 02

MA 01

MA 02

MA 03

MA 04

MA 05

MA 06

MA 07

MA 08

MA 09

MA 10

MA 11

ME 01

ME 02



 

125 

was still prominent but now joined by several people helming the new initiatives. By Spring 

2017, the informal leaders are all people who also hold formal leadership titles and positions 

with regards to the new P2C2 system. There has clearly been a shift, and the formal and informal 

leadership systems are now much better aligned than before the initiative. This alignment is 

generally considered a feature of “healthy” systems (Apkarian & Rasmussen, 2017; Daly, 2010; 

Henderson et al., forthcoming). 

From the other direction, consider those with formal leadership roles related to the new 

P2C2 program. The P2C2 supervisory committee consists of six people: Chair, PC Coord, C1 

Coord, C2 Coord, Ctte01, and Ctte02. The Calculus 1 coordinator and Ctte02 did not appear to 

have leadership qualities in any of the terms. The simplest explanation for Ctte02’s absence is 

the fact that he was hired in Fall 2016; the Calculus 1 coordinator’s is not so easily understood – 

but this is further addressed in Chapter 6:. Ctte01 does not have much presence before the 

changes, but he then appears as a leader during the first year of change initiatives and drops 

down in the final year. His role as chair of the original CTF and presence on the supervisory 

committee may explain this rise, and the fact that his presence is reduced may imply that the 

changes are becoming distributed. The Precalculus coordinator maintains a steady leadership 

presence, not really increasing nor decreasing across time. The Calculus 2 coordinator appears in 

the first year of changes, and becomes the most extreme example of a leader with regards to 

instruction by the final year. 

Chapter Summary 

This chapter analyzed survey data related to perceptions of climate and social structure to 

characterize the community within the LSU mathematics department and its evolution over two 

years of a change initiative. The climate scale data reveals a department where, in general, 
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people are cordial and collegial, but not in close contact or collaboration. These scales did not 

change over the course of the study. This indicates that during these few years, the change 

initiative did not affect enough of the department to register on these instruments – but it is 

impossible to assert with confidence exactly why this is the case. It could be that the change 

initiative did not have any effect on departmental climate, or that it did not affect enough people 

(yet?) to register on the scales, or that the instruments are not appropriate for the changes that 

have happened. 

In contrast, the social network analyses revealed much about the social structure of the 

department and several changes over time, at least in relation to instructional matters. These 

analyses revealed that many members of the department are involved in conversations about 

instruction, facilitated in part by the department chair. During the first year of the change 

initiative, there was a spike in the number of people asking for advice about teaching. This spike 

was concentrated to members of the P2C2 supervisory committee, which includes the major 

change agents involved with the initiative. This indicates that the change initiative did have some 

noticeable effect, and members of the department sought out the architects of that change to get 

their advice about instruction. 

Comparing over time, a change in leadership can be seen, from a few department 

members with scattered influence to a concentration of multifaceted influence over instruction 

among the course coordinators and members of the P2C2 supervisory committee. This is aligned 

with the initial intention of creating a course coordination system, with coordinators who 

function as leaders and central actors with influence over instruction in the P2C2 courses. 
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Chapter 5: Four Frames of Cultural Change 

One of the major goals of this dissertation is to better understand the interplay of the 

existing departmental community and the change initiative, within the university context. In 

doing so I turn to the four frames model described by Reinholz and Apkarian, which we adapted 

from Bolman and Deal’s original organizational science approach (Bolman & Deal, 2008; 

Reinholz & Apkarian, 2018). As described in Chapter 2, this perspective connects structures, 

symbols, people, and power to describe departmental culture, and provides a framework for 

analyzing changes. Using this framework, I identify four categories of the departmental culture, 

as well as some shifts over time. I also explore how each of the four frames was addressed in the 

change process, and what effects that had on the change process itself. 

Details of Methods 

The analyses for this chapter draw primarily on data from interviews and meeting 

observations. As described in Chapter 3, these occurred over the first two years of the change 

initiative. This section explains in more detail what data was collected for this analysis and how 

the collected data was analyzed. 

Data Collection 

Over the course of this study, 22 different people were interviewed. The first round of 

interviews occurred at the end of the first year of changes (Sp16), with 11 participants. Another 9 

interviews were conducted in conjunction with the SEMINAL project about midway through the 

second year of changes, with another 9 closer to the end of the second year as part of this study. 

Interviews with those who participated twice in Spring 2017 are distinguished as Sp17_1 and 

Sp17_2. Not every interview from Sp17_1 was audio-recorded, in accordance with the 

SEMINAL project’s protocols. Interviewees included all members of the P2C2 supervisory 
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committee, instructors of P2C2 courses, members of the department who have not taught P2C2 

courses since the initiatives began, members of the administration, and staff members from 

instructional and educational support programs at the university. Committee members were 

selected for their role overseeing the new P2C2 program, and they provided some input as to 

which instructors to interview. Other participants were contacted based on earlier interviews – 

sometimes on the recommendation of another participant, sometimes in order to resolve a 

question that arose in an interview. In all, this resulted in 29 recorded interviews of about one 

hour each, and only field notes from another six interviews. The recorded interviews were 

transcribed in full.  

Over the two year period of this study, 16 P2C2 supervisory committee meetings were 

observed and audio-recorded. These were not transcribed. Instead, field notes taken during the 

observations were used and fleshed out using meeting minutes, agendas, and artifacts. The 

meeting observations also served as a contact point for gathering artifacts (e.g., agendas, reports, 

committee’s notes) that were being used by the committee as they monitored the P2C2 program 

and made adjustments. These meeting observations and artifacts were recorded using summary 

sheets (Miles & Huberman, 1994). Publicly available data from the university and department 

websites was also retrieved, as needed, to fill in details and background information for ideas 

that were mentioned in interviews and meetings (e.g., official course descriptions, university 

mission).  

Data Analysis 

Interview transcripts, notes, summary sheets, and artifacts were analyzed iteratively, 

using the principles of thematic analysis, as described in Chapter 3 (Braun & Clarke, 2006; Miles 

& Huberman, 1994). A start list of codes (see Table 5.1) came about from the data 
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familiarization phase of analysis, which was influenced by the goals of the study, my 

observations during data collection, and interactions with participants outside of the data 

collection for this study. 

Table 5.1. Start list of codes for thematic analysis of interview data, artifacts, and field notes. 

Coordination Goals Teaching practice 

Learning center Success Placement 

TAs Concerns Measures (data) 

Students Culture Individual/identity 

Power dynamics History Attitude to change 

 

This list of codes served as a starting point for the initial coding phase of thematic 

analysis. Transcripts were marked with these codes, and new codes emerged from the data. 

Interviews were revisited iteratively and codes were added, removed, combined, split, organized, 

and revised as dictated by patterns in the data (Braun & Clarke, 2006; Strauss, 1987). This 

process was influenced by the four frames perspective and the goals of the overall study, which 

prioritized the development of certain codes over others. For example, discussions of 

participants’ own research areas were not explored, while mentions of the distinction between 

lecturers and faculty were foregrounded. Implicit influence of the researchers’ perspective and 

approach to the study must also have an effect. As the coding process progressed and changes to 

the coding system waned, codes were clustered and the data re-examined to identify themes. 

Qualitative validity testing procedures were employed while reviewing the identified themes, 

including triangulation, member-checking, peer debriefing, and searches for confirming and 

disconfirming evidence (Creswell & Miller, 2000; Lincoln & Guba, 1985; Miles & Huberman, 

1994). Finally, a set of relevant themes were selected for producing the thick descripting 

presented in the sections that follow.  

Caveats 
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Cataloging and understanding culture is complex, and this challenge is compounded 

when studying a community undergoing change. Schein’s guidelines for investigating culture 

and Reinholz and Apkarian’s suggestions for aspects of culture particularly relevant to 

departmental change informed the analysis and development of this chapter (Reinholz & 

Apkarian, 2018; Schein, 2010). Before exploring what was learned about the LSU department 

culture and change through the four frames perspective, a few notes of caution are warranted. 

One is that my relationship with the department and the goals of this study may have affected 

what participants were willing to report and how they elected to describe their peers and the 

ongoing initiative. Another is that it was not feasible to interview every member of the 

department, so the interpretations presented here come from a subset of the department. Some of 

those who agreed to participate had official responsibilities with regards to the new system (e.g., 

the P2C2 supervisory committee members) who may have some ownership bias. Others were 

sought out, on others’ recommendations, to get the perspective of people who were “somewhat 

skeptical” of the changes. Two of these skeptics, MA04/Goksu and MA12/Scott, were quite open 

about their concerns. They also explicitly mentioned people in the department who, they 

believed, shared those concerns. However, they are both nearing retirement which admits some 

question about how representative their views are. Despite some questions about the relative 

balance and importance of the features discussed in this chapter, there is ample evidence for their 

presence and effect on the change initiative. 

Structures 

I begin with an overview of the structural aspects of the P2C2 program at LSU and how 

these have changed during the improvement initiative begun in the 2015-16 academic year. I 

then delve into the how and why of things. 
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Prior to this change initiative, LSU had none of the seven characteristics of successful 

calculus programs found at PhD granting institutions by the CSPCC study – as has been 

documented elsewhere (Apkarian et al., in press; Rasmussen et al., 2014). When elected, the 

department chair set out to improve the situation in the P2C2 sequence and looked to the CSPCC 

features as a list of goals and as a guide. The change effort included initiatives clearly connected 

to six of the seven features, each of which is discussed next. The seventh, courses which 

challenge and engage students in mathematics, was addressed within some of these initiatives. 

This section concludes with a brief discussion of how these structures interrelate to create a 

P2C2 system, with different pieces reinforcing each other. 

Course Coordination 

When the department chair first took office, there was nothing to speak of with regards to 

course coordination – not even a common textbook (Apkarian et al., in press). One of the major 

goals of the change initiative was to implement a strong coordination system that would provide 

students with more comparable experiences and preparation across sections of the same course. 

As per Rasmussen and Ellis’s (Rasmussen & Ellis, 2015) findings, the intention was to put 

uniform course elements into place as well as to foster collaboration via regular instructor 

meetings.  

People. Three course coordinators were selected from the LSU mathematics department. 

The Precalculus coordinator (Becky) is an associate professor in the mathematics education 

division of the department, who had been involved in the move to take Precalculus off-line just 

before the major initiative began. She also became the director of the new Learning Center for 

Mathematics and Statistics (LCMS). The Calculus 1 coordinator (Kevin) is an associate 

professor in the mathematics division of the department, who had for many years prior to this 
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initiative taught calculus at LSU. The Calculus 2 coordinator (Claudio) is a professor in the 

mathematics division of the department. He was interested in participating in the improvement 

initiative and wanted to coordinate Calculus 2 as he has more experience with upper division 

courses. When the change initiative started, the course coordinators taught at least one section of 

their course each term. This has continued in Calculus 1 and 2, though there are discussions of 

reducing this requirement to at least one section per year, now that the basis of the system is in 

place. The Precalculus coordinator stopped teaching a full section of Precalculus to free up time 

to manage her LCMS duties, but she still monitors that course and meets with the instructors. As 

course coordinators, these three receive a one-course teaching release for each year in 

compensation for their time.  

In some ways, the coordinators’ duties are akin to those of an independent instructor 

teaching a single course. They are expected to maintain a syllabus, select homework, write 

exams, and establish grading criteria for all assessments. However, they must coordinate all of 

these course elements across all sections and all instructors in a given term. To this end they are 

expected to communicate weekly with all instructors, be they lecturers or faculty, to keep the 

course pacing consistent across sections. There are also expectations with regards to working 

with TAs and the active learning labs. Coordinators are expected to participate in the pre-term 

TA orientation and hold weekly meetings with TAs to discuss lab activities and gather feedback 

about students’ progress, the activities themselves, and generally support TA teaching 

development. Coordinators are also charged with handling course-related logistics such as 

reserving rooms for exams, handling accusations of cheating, and enforcing prerequisites. 

Finally, the coordinators are expected to participate in P2C2 supervisory committee meetings 
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and to report there about the status of their course each semester, and to (as appropriate) report 

on P2C2 status at department-wide meetings. 

Instructor meetings are one aspect of course coordination which the CSPCC project 

suggested as important for developing community around teaching and coherent approaches in 

the class. At LSU, instructors include both TAs and primary course instructors. Weekly meetings 

with each course coordinator and the TAs who lead breakout sessions began in Fall 2015 with 

the initiation of the coordination system, primarily to discuss the lab activities. While these have 

been maintained in Precalculus and Calculus 2, the Calculus 1 meetings have become more 

irregular. Regular meetings have proved difficult to implement consistently with instructors of 

record, in part because many of the instructors of P2C2 courses, aside from the coordinators, are 

lecturers who work at other institutions and have little extra time in their schedules. Meetings of 

coordinators and primary instructors have therefore been irregular, with some variation across 

terms depending on who is teaching and their schedule outside of their P2C2 duties. The 

coordinators are, however, working to keep everyone on the same page via regular emails about 

pacing and students’ grades. 

Course elements. Several uniform course elements were implemented as part of the 

coordination system, with variation across courses but not across sections of the same course. 

The most contentious of these was the move to a uniform textbook, as some members of the 

department had a favorite text. However, the change was made so that Precalculus, Calculus 1, 

and Calculus 2 all use Stewart’s text (Stewart, 2016). These books are accompanied by a suite of 

online resources, including an online homework system. This has facilitated the homogenization 

of homework assignments as well, and now instructors assign roughly the same homework 

across sections – though they have the ability to add or remove some items if they so choose. 
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While the syllabi and weighting of course components for grades are uniform, each instructor is 

able to make final decisions about students’ grades – and some have done so without consulting 

with the course coordinators. The Calculus 2 coordinator now makes recommendations about 

overall curves and re-weighting of grades before sharing final exam scores in order to promote 

uniformity, but instructors have occasionally rejected these schemes in favor of their own. 

The P2C2 courses have also implemented common exams, at a common time outside of 

regular course meetings. The course coordinators are responsible for preparing these common 

exams and overseeing the grading – which is done by all of the course TAs, not only by section. 

During the first semester of implementation, the Calculus 1 and Calculus 2 coordinators did not 

discuss the content of the exams with the other instructors, which led to fairly disastrous 

outcomes. Variations in terminology and focus across instructors led to confusion for students in 

sections not taught by the coordinator, which in turn led to great variation in grades. That term, 

instructors insisted on re-weighting their sections’ exam scores to account for those 

discrepancies. Since then, communication about exam wording and content has improved 

significantly and all course instructors are given the opportunity to suggest questions and provide 

feedback on every exam. These common exams are also being used to ensure that exams contain 

a mix of procedural and conceptual items. Exams have been analyzed using an existing 

framework, and tweaked to rebalance as needed (Tallman, Carlson, Bressoud, & Pearson, 2016). 

This balance of conceptual and procedural assessment items, now consistent across sections, is 

one way that the LSU mathematics department is working to ensure that the P2C2 courses 

challenge students to think about mathematics in rich ways. 

Under the new course structure, the P2C2 courses each have one activity lab per week led 

by TAs. The labs are intended to be an opportunity for active learning, specifically group work. 
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Each course coordinator was primarily responsible for the original design of the lab activities, 

with the guidance of the mathematics education researchers. Each section of each course uses the 

same lab in a given week, and the TAs meet with the instructor each week to discuss the 

previous and upcoming labs. These meetings support uniform implementation of the labs, as well 

as providing feedback used to tweak and improve the activities. In Calculus 2, the coordinator 

has gone further and designs outlines for the non-activity breakout sessions as well, selecting 

particular tasks for the TAs to use and supporting the use of group work in those sessions as 

well. While the TAs are the one who lead the activity sessions, they are ultimately under the 

purview of the course coordinators and are one of the only areas wherein uniform approaches to 

classroom teaching strategies are regularly discussed and coordinated. 

Unlike the active learning labs, no concerted effort has been made to coordinate 

instructional strategies in the main course meetings of the P2C2 courses. Primary instructors 

teach as they choose, and over the two years of the initiative have made different decisions. 

Some use more traditional lecture styles, while others have used active learning strategies like 

group work and think-pair-share. In the 2016-17 academic year, some instructors began using 

clicker questions in class to support increased student attendance. These were also used in 

varying ways, with some instructors using them to support group work and others as quizzes. 

Going forward, the coordinators are planning to coordinate clicker items as well, which may 

begin increasing the coherence of pedagogy during regular class meetings and provide new 

opportunities for instructors to try out instructional approaches that actively engage students. 

Along with the within-course coordination monitored by individual course coordinators, 

the LSU change initiative addresses vertical, across-course coherence between the coordinators. 

A P2C2 supervisory committee was created for this purpose, which includes the course 
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coordinators, the department chair, and two mathematics education researchers with expertise in 

undergraduate mathematics education. This committee meets a few times each term to compare 

notes, discuss concerns, develop strategies to address those concerns, share successes, and 

generally work to increase coherence across the entire P2C2 sequence. 

Active Learning Labs 

Active learning strategies, which have been shown to support student learning and 

success in mathematics courses (S. Freeman et al., 2014), was one of the features found in the 

CSPCC study (Bressoud & Rasmussen, 2015; Larsen et al., 2015), and recommended by the 

professional societies as a way to support students in introductory mathematics courses (CBMS, 

2016; Saxe & Braddy, 2015). However, prior to this change initiative, active learning strategies 

were not being implemented in the P2C2 course sequence at LSU with any consistency. 

Instructors were free to use any pedagogical strategies they chose, and most used fairly 

traditional lecture styles – though some instructors used think-pair-share strategies and/or 

provided students time to attempt examples in class before formal instruction related to those 

examples. The weekly breakout sessions for Calculus 1 and Calculus 2 were generally run as 

question and answer sessions, with GTAs reviewing homework tasks. As such, one of the goals 

of the change initiative was to implement an active learning component into P2C2 courses. 

A decision was made to develop active learning lab sessions, breakout sessions led by 

TAs, rather than try to implement new pedagogy in regular course meetings. In addition, at the 

start of the initiative the P2C2 courses were revised in the course catalog as having activity 

sessions, which provided an extra contact hour without increasing the credit load. This means 

that Precalculus students meet in a large group twice a week for 50 minutes with their primary 

instructor, and twice a week for 50 minutes with TAs; Calculus 1 and Calculus 2 have three 50 
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minute meetings each week with their primary instructor and twice a week with TAs. The large 

course meetings have up to 200 students, while the breakout sessions are capped at 35 students. 

One of the breakout sessions is referred to as a recitation, and is more of a traditional breakout 

where TAs review topics and answer students’ questions; the other is categorized as an activity 

session in which TAs lead using active learning techniques and students work together on 

predesigned activities that complement course content. Work is turned in at the end of these 

activity sessions, increasing attendance rates and incentivizing students to participate. 

The tasks for the lab activities were designed to have a low floor and high ceiling, such as 

those described by Hsu, Kysh, and Resek (2007). They were also intended to have relevance to 

course content and to context which would interest students, and which could not easily be done 

by individual students in the 50 minute time period allotted. The Calculus 2 activities in 

particular reference applied contexts for mathematics with some relevance to students’ majors, 

the majority of which are engineering and applied sciences. This approach contributes to the 

initiative’s goal of making the P2C2 courses engaging for students to increase their interest and 

enjoyment of mathematics.  

During the first roll-out of the lab activities, some problems arose. Some of these were 

related to the lab activities themselves, with some labs apparently much easier than others, some 

significantly more computational than others, and so on. A group of TAs and the course 

coordinators took time during the summer of 2016 to revise the lab activities from all three P2C2 

courses based on the experiences of the first year’s implementation. The regular meetings 

between TAs and coordinators provide an opportunity for continued editing of the activities and 

the instructor notes to accompany them – in the second year few major changes were made, 

although delivery guidelines continue to be iteratively improved. Another set of concerns 



 

138 

surrounded the relationship of the activities to the rest of the course. Though the coordinators 

who designed the activities did so with course content in mind, their supplementary nature was 

not obvious to students. To address this the course coordinators began to add exam items 

explicitly including concepts from the labs, and to more openly and explicitly mention the lab 

activities and how they relate to the course content during regular class meetings. Since then, the 

disconnect between the activity sessions and the rest of the course seems to have decreased. 

GTA Professional Development 

The TAs for Precalculus are undergraduate students, while the TAs in Calculus 1 and 

Calculus 2 are graduate students from LSU’s masters programs in pure and applied mathematics. 

As part of the change initiative, a program for teaching professional development was developed 

for the graduate students TAs (GTAs), informed by the CSPCC study’s findings (Ellis, 2015). 

One of the major factors impacting this process involved the GTA contracts, particularly the 

university guidelines surrounding job training. 

In the first year, the majority of the teaching preparation was a three day orientation prior 

to the beginning of the academic year. Ongoing support was provided via the regular meetings 

with the coordinators, and a lead TA structure. This structure, written about by (Ellis, 2015) 

means that one GTA was designated as the Lead TA for each of Calculus 1 and Calculus 2, and 

they are responsible for some extra oversight and mentoring of their fellow GTAs. These Lead 

TAs are also a key resource for the coherence of the P2C2 program, in that they facilitate 

communication between GTAs, coordinators, instructors, the LCMS director, and students. 

In the second year of the change initiative, the 2016-17 academic year, an ongoing 

seminar was added to support GTA professional development throughout terms in which they 

are teaching the new active learning lab sessions. This seminar was led by a new mathematics 
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education faculty member who has experience with active learning strategies and graduate 

students. Negotiations are ongoing to turn this into a credit-bearing course that supports GTAs 

teaching the active learning sessions for calculus and helps to prepare them for their future 

careers. It has been challenging to organize such a course within LSU’s credit and tuition 

policies and the regulations regarding GTA contracts. This has resulted in the course not being 

compulsory, and in the first year nearly half the GTAs opted out of course meetings5. The course 

is still evolving, but those who are aware of this course feel that it shows promise and GTAs who 

regularly attend the seminar report that it has helped them.  

Learning Center 

For some time, the mathematics department loosely managed a small tutoring room with 

a few tutors and very light faculty supervision. As might be expected this was not a particularly 

supportive resource for students. Unfortunately, the limited resources available to the department 

meant that not much could be done – until the university developed a new strategic plan which 

included the creation of a tutoring center specifically aimed at supporting students taking 

mathematics and statistics courses. 

Initially, the administration suggested that the development and running of the LCMS be 

given to an outsider, someone hired specifically to manage the center. The department pushed 

back against this and made a case for having it administered from within the department in order 

to better align supports with mathematics courses themselves. A tenured member of the 

mathematics education division of the mathematics and statistics department was recommended 

for, and accepted, the position of director of the LCMS (she is also the Precalculus coordinator). 

                                                 

5 In the 2017-18 academic year, which is after the focus of this study, roughly two of the twenty GTAs are 

consistently missing seminar meetings. 
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She worked with relevant administrators and staff members at LSU to secure resources and 

satisfactory space in the library, which supported the development and function of the LCMS as 

a resource for students that is coherent with other aspects of the P2C2 program. Her unique 

position makes her a hub of communication between students, tutors, TAs, the P2C2 supervisory 

committee, and instructors. 

Over the first two years of development, the LCMS obtained fairly significant space in 

the library, with a large room for general tutoring and several smaller rooms for sessions and 

meetings led by tutors, TAs, faculty, and students. The LCMS is staffed mainly by undergraduate 

tutors, who apply to work there and are vetted by LCMS staff. TAs (except the Lead TAs) must 

work four hours a week in the LCMS, in place of more traditional office hours. They do have 

access to private rooms to meet specifically with students from their section, but the majority of 

the time they are at the LCMS they are expected to help students from all sections of their 

assigned course and they are encouraged to work with students in other mathematics courses. In 

addition to sessions organized by instructors and TAs, the LCMS hosts occasional workshops for 

high enrollment courses and facilitates diagnostic testing. The space is also used by the LSU 

mathematics club for their weekly meetings.   

The LCMS is open and staffed from 10:00am – 7:00pm Monday-Thursday; 10:00am – 

4:00pm Friday; and 1:00pm – 5:00pm Sunday. Schedules of who is working when are available 

on the LCMS website, organized by course specialty. At first the LCMS was very focused on 

P2C2 courses, but over the two years of its existence they have begun hiring tutors especially for 

the non-mainstream introductory mathematics courses, such as Business Calculus and 

Elementary Statistics. There have been some experiments to help distinguish between groups of 

TAs and tutors (e.g., colored vests for different courses) but these haven’t been fully 
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implemented. The LCMS website also includes biographies and photographs of many of the TAs 

and tutors, including their majors and sometimes personal notes about their history. 

Placement System 

Matching students with appropriate courses is an important aspect of supporting student 

success, and a challenging one (Saxe & Braddy, 2015). Universities in the CSPCC had robust 

placement systems which used multiple data sources to assess students’ preparation levels, and 

several had systems in place to re-assess and adjust students’ placement early enough in the term 

for them to re-enroll (Hsu & Bressoud, 2015). LSU had for several years been using a 40-item, 

multiple-choice placement exam which did not change from term to term. Students were allowed 

to retake the placement exam, and as the items did not change there were concerns about what 

the exam was really measuring. There was no system for re-assessing students’ preparation 

levels after the term began. 

As the change initiative started, the department decided to implement a new placement 

system using ALEKS™ (ALEKS, 2017). Due to the timing, and university policy, the transition 

has taken some time. As of the Fall 2016 term, enrolling in Calculus 1 was possible via passing 

Precalculus at LSU, qualifying Advanced Placement® exam (AP Exam, 2017) score, or passing 

a proctored ALEKS™ assessment with a score of at least 78. Students taking the ALEKS™ 

placement pay a fee which gives them access to learning modules as well as five assessments; 

the third and fifth of those assessments are proctored and satisfy placement requirements. The 

first two assessments, and if needed the fourth, give students feedback about content areas where 

they are not as strong, at which points they can use the learning modules for self-remediation 

prior to the official assessment. The system was expanded and refined in the second year of the 

initiative, with a required score of 60 to enter Precalculus. Furthermore, a post-enrollment 
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ALEKS™ component has been added for students entering P2C2 courses via prerequisites and 

AP® scoring – in the first few weeks of the term they must pass the ALEKS™ assessment with 

the appropriate score for 10% of their grade. While students are not required to change courses if 

they do not pass, this is intended to strongly suggest to students that the course they are enrolled 

in is not one they are likely to succeed in. 

Local Data 

Prior to the change initiative, grade distributions, passing rates, and teaching evaluations 

were regularly collected and considered by administrators, but the data was not used by the 

department in any meaningful way to monitor the P2C2 program. Of course, most members of 

the department were aware of low passing rates (50-70%) in these courses, but no concerted 

effort was made to investigate underlying causes or address them. 

As the change initiative was being planned, the existing data corpus from enrollment 

services was analyzed. Along with more information about passing rates, it was discovered that 

about 2/3 of those who passed a P2C2 course enrolled in the next course in the sequence and 

17% of students who took Precalculus at LSU eventually passed Calculus 2. Improving these 

rates became a major target for the department chair and those leading the change initiative – 

which requires more regular attention to local data. 

Some of the most rigorous attention to local data has been in relation to the LCMS. Over 

the first two years of its existence, the center has developed increasingly sophisticated strategies 

for supporting students in the center and keeping track of attendance. Using data about 

attendance records in concert with institutional transcript data allows for fine grain analysis 

about the effects of attending the center – and there is now enough data to control for prior 

preparation and student demographics. So far, results from propensity score matching analysis 
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indicate that regular attendance at the LCMS correspond to an increase of almost an entire letter 

grade in P2C2 courses. 

LCMS attendance can be separated from the rest of the change initiative because it is not 

a universal part of the change initiative – students opt-in to the LCMS while the other aspects 

affect everyone. However, assessing other aspects of the initiative is not as straightforward. 

There has been some investigation of the relationship between students’ placement exam scores 

and final grades (at least pass/fail) which has been used to adjust cutoff scores and identify 

students on the bubble, and as more data is obtained over the next few years this analysis will be 

expanded and leveraged to make further adjustments. The comprehensive nature of the change 

initiative has, however, complicated measurements of success because the many pieces of the 

initiative overlap and interlock. 

Even assessing the effect of the entire system in a pre-post comparison is challenging, 

because course experiences prior to the changes were so variable from section to section and 

term to term. Analysis of passing rates and exam scores show some increases, and while those 

data indicate that there has been improvement since the beginning of the initiative, comparing 

them to pre-coordination data is not particularly informative. As the students who started LSU in 

the new P2C2 system progress through their undergraduate career, the P2C2 committee hopes to 

analyze course-taking patterns and success in future courses to gather more data which can 

directly be compared to pre-initiative data. However, it takes several years for that data to exist.  

Structural System 

The interdependent system of these structures is in many ways greater than the sum of its 

parts. The members of the P2C2 supervisory committee are responsible for the structures in the 

initiative, with the department chair, the chair of the original Calculus Task Force, the 
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Precalculus coordinator who is also the LCMS director, the Calculus 1 coordinator, the Calculus 

2 coordinator, and the original designer of the GTA professional development seminar. Their 

roles allow for holistic management and monitoring of the sequence, and supports its members 

with multiple aspects of their role. The Calculus 2 coordinator described the committee as “a 

forward-looking kind of committee” and a way “to have other people's feedback” 

(Claudio/C2Coord, Sp17) on the ongoing efforts, including celebrating successes and planning 

next steps. 

Not only is there one group overseeing the P2C2 program, the structures themselves are 

interdependent. The course coordination includes the design and implementation of active 

learning labs, which are run by TAs. The regular meetings between coordinators and TAs are 

part of ongoing teaching professional development, which would be more difficult and unwieldy 

if not for the overall course coordination. The content of the labs is synchronized with class 

content and is present on exams, so that the labs fit into the rest of the course in a coherent way. 

This would not be possible if not for the newly coordinated course elements, including pacing 

and exams. As the TA-led labs are the primary implementation of active learning, the GTA PD is 

doubly important in order to ensure students’ exposure to the opportunities active learning 

provides. The coordination of these courses and labs also supports the professional development 

program. GTAs have common experiences and duties which they can discuss with each other, 

and the leader of the PD seminar can plan around common schedules to provide targeted support 

that is useful across sections. 

The LCMS is also strengthened by the coordination system and also functions as 

informal ongoing teaching professional development. Since all students in a particular course 

have the same homework and are preparing at the same time for the same exams, there is some 
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coherence in their questions at any given time during the semester. This means that tutors can 

work with more students at once, and makes it easier for the LCMS to host review sessions to 

prepare students across sections. The TAs now hold their office hours in the LCMS, which helps 

direct students to the center and get them in the door. Working with so many students, including 

those from across the P2C2 sequence, is helping the GTAs to better understand how the topics 

from these courses build upon each other as well as identifying common difficulties.  

These interlocking structures, along with a committee to facilitate their cohesion, allow 

for a coherent program which is continually adjusted to align with the committee’s shared vision. 

As suggested by the four frames perspective, this has led to a unified program rather than a 

disparate set of fixes that might work against each other (Reinholz & Apkarian, 2018). To be 

sure, there are places where coherence across sections and across courses could be increased. 

The cooperative nature of the P2C2 supervisory committee and the interlocking nature of the 

structures make this possible. 

Symbols 

The symbols frame highlights the attitudes, beliefs, myths, and values of a community. 

These symbols affect the ways in which structures are enacted and perceived within an 

organization, and they can also impact any attempt to change the status quo. To enact meaningful 

change, attending to the existing and desired symbols is desirable (Reinholz & Apkarian, 2018). 

The change agents at LSU were all members of the department, and so attended (both explicitly 

and implicitly), to prevailing symbols. However, there was no explicit attempt to shift the 

existing attitudes and beliefs of members of the department. This, combined with a data corpus 

that is limited in terms of anthropological or sociological research, makes it unreasonable to 

attempt a comprehensive description of the LSU mathematics department from a symbolic frame 
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(Schein, 2010). Instead, I present a select few aspects of this frame that can be clearly related to 

the change initiative. 

Department Climate 

As part of the survey used across terms of this study, participants responded to Likert 

scale items corresponding to eight constructs related to climate. Chapter 4 reported that 

participants’ responses did not shift across the study, but they can still shed some light on 

attitudes in the department. This is especially true for the scales that relate to participants’ 

perceptions of their colleagues and department.  

Based on the scale data, department members and instructors agree (score 5.0) that they 

themselves are interested in improving their instruction and are open to new ideas, but are fairly 

neutral (score 3.7) as to whether this is true of their fellow instructors. Similarly, they agree 

(scores of 4.4 – 4.7) that they enjoy teaching lower-division courses and can help their students 

learn and appreciate mathematics, but are more neutral (score 3.9) when it comes to their 

perception of their colleagues’ abilities and interest in teaching students. The scales related to 

department climate more generally indicate that people somewhat agree with a perception of 

collective trust in the department (score 4.0); an atmosphere of collaboration in regards to issues 

of student success at the department level (scores 3.9 – 4.2); and collective involvement with 

departmental decision-making (score 3.7 – 4.1). 

Altogether, these indicate that department members see themselves as capable instructors 

who can and do support students taking lower-division mathematics courses – but they do not 

see their peers in the same way. This is in line with the commonly seen cognitive bias called 

illusory superiority, in which people display a tendency to see themselves in a favorable light 

despite a reasonable ability to gauge community averages (Hoorens, 1993). These data also 
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indicate that the department is perceived by its own members, and some external people, as 

somewhat collaborative and cohesive, though not extremely – a brief perusal of open-ended 

comments indicate that participants consistently said that their semi-neutral responses were 

based on a perception that while some people are highly involved, others are not. These 

comments, though sparse, indicate that one must use caution when categorizing the symbols of 

this community as there is much individual variation among members – rather than pervasive 

attitudes and perceptions.  

Academic Freedom and Instructors’ Independence 

Beliefs about pedagogical autonomy, instructional independence, and academic freedom 

came up several times during this study, primarily in regards to course coordination and the use 

of active learning. Though an objective understanding of academic freedom is less important in 

practice than department members’ perception of it, I begin with a short review of what the law 

says. 

The rights to academic freedom are complicated, in particular the line between 

institutions’ and instructors’ academic freedom (Committee on Academic Freedom and 

Academic Tenure, 1970). Many cases have gone to court, and in fact the Supreme Court, 

disputing various sanctions and actions taken in regards to teaching strategies and language used 

– the majority of which have made arguments based around interpretations of the First 

Amendment, which guarantees the right to free speech. Euben’s (Euben, 2002) review of the 

legal landscape points to complex negotiations about the rights of students and instructors with 

regards to the language used in class, topics taught in the classroom, and strategies used to 

engage students in course content. Most relevant to the context of P2C2 courses at LSU is the 

ruling statement “a public university professor does not have a First Amendment right to decide 
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what will be taught in the classroom” (Edwards v. California University of Pennsylvania, 1998). 

That particular incident ruled that Edwards’ academic freedom was not violated by a requirement 

to teach from a department-approved syllabus. Additional rulings have noted that instructors’ 

assignment of grades is protected by their right to freedom of speech (Parate v. Isidor 

(Tennessee State University), 1986), but they must act within university guidelines, as “no person 

has a fundamental right to teach undergraduate […] classes without following the university's 

grading procedures” (Wozniak v. Conry (University of Illinois at Urbana-Champaign), 2001). 

The message appears to be that: while an instructor has the right to decline to teach a pre-

designed course, if they elect to teach such a course they are obligated to abide by the existing 

guidelines. In considering how the department’s understandings of academic freedom affected 

the change process, it is important to know that there was no violation of academic freedom 

under current legal interpretations of that right. 

Some department members specifically reference academic freedom in relation to 

limiting the reach of a coordination system. The Calculus 2 coordinator mentioned this when 

explaining the arguments leading up to the department vote on course coordination: 

The only resistance that I have heard is […] from all the folks that they feel like 

their academic freedom is being violated because they cannot decide, but it's not 

so much about the coordination it's specifically about designing their own 

midterms and finals. So there is kind of a back push on not doing common, 

common exams and common homework for example. (Claudio, Sp16) 

All the people that were resistant, because they felt their academic freedom being 

infringed because you're told what to cover with what books to cover and what 

midterms. (Claudio, Sp17_1) 

Thus, Claudio explains that the concerns of multiple colleagues in the department about uniform 

course elements were couched in the language of defending their right to academic freedom. He 

also referenced the departmental views of academic freedom in regards to what he, as 

coordinator, was able to enforce from the other instructors teaching Calculus 2: 
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So the very final grades are really up to the instructor because of this academic 

freedom. However I do recommend a certain scale. (Claudio, Sp17_1) 

[I am] sending spreadsheets of curving to the instructors – then they have 

academic freedom, they can do whatever they want in the end, but I'm strongly 

suggesting them to follow at least to some extent close by those spreadsheets. 

(Claudio, Sp17_2) 

Note that Claudio himself was not a proponent of this interpretation of academic freedom, saying 

that it was “crazy” that it allowed instructors to pass students who were “ill prepared completely” 

(Sp16). He pushed strongly for homogenization of course elements, explicitly mentioning the 

textbook, midterm and final exams, homework, exam grading, and course grading.  

The professor denoted MA04 (Goksu) is one of those who Claudio referred to in his 

description of people who pushed back on the coordination efforts. In particular, he reported that 

he did not approve of having common exams, saying: 

I think some more flexibility should be provided to the individual lecturers or 

especially professors in exams. So you see in the past what we did was, first of all 

we didn't bother to have the same in-term exams. But when even when we had a 

common final we had some of the problems, you know basic problems, common 

– but then we gave latitude to the others to the professors [because] tastes are 

different and so on. (MA04/Goksu, Sp17). 

There were other comments made which support the idea that, in the LSU mathematics 

department, many people believe they should be able to teach as they please – though the 

language used was not always “academic freedom.” For example, the professor denoted MA12 

(Scott) said that a coordinator “handing down what scores constitute what grade, I think is […] 

insulting to the instructor” (MA12/Scott, Sp16). This contributes to the (mostly) shared 

assumption that in general instructors (particularly faculty) should not be told how to teach their 

courses – though some uniformity in the content being covered is desirable in regards to the 

sequential nature of these courses. The professor denoted MA03 (Dave) made this clear, saying: 
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I think it's very important to stick to a syllabus, a uniform syllabus, because […] 

you have to cover the material from the previous [courses] for the other ones. 

(MA03/Dave, Sp17) 

But he also said that “it’s a little bit different for [Calculus 3] because that’s a terminal course, so 

there can be a little bit of flexibility” (MA03/Dave, Sp17), reinforcing the idea that it is the 

sequencing of the calculus courses which begets the need for coherence, but this is not a general 

principle for undergraduate mathematics courses. 

Claudio’s concerns about infringing on others’ academic freedom through coordination 

(e.g., by enforcing a common grading scheme) were voiced at a few P2C2 supervisory 

committee meetings over the years. Roald (a mathematics educator) consistently invoked a 

distinction between the right to academic freedom, in his eyes a research freedom, and 

pedagogical autonomy. As such, a system to enforce common standards for grading was not in 

conflict with academic freedom – and so a different conversation was needed. Regardless of the 

nomenclature, Roald pushed for uniform course elements, grading, etc. without impinging on 

instructors’ freedom to teach how they chose in the classroom. Teaching is a complicated and 

multifaceted endeavor, and there was not clear agreement about what aspects of instruction 

should be left to the instructor within a coordinated system. Clearly aware of departmental 

beliefs about instructors’ rights to instructional freedom, Roald often assuaged people’s fears by 

noting that course coordination did not equate to telling people how to teach (c.f. Rasmussen and 

Ellis’s (2015) notion of pedagogical autonomy within a coordinated system): 

Faculty feared [that] coordination would mean a decrease in […] somehow your 

pedagogical freedom. But we were definitely clear that that going to a uniform 

textbook does not mean we're dictating how you teach. So that how you teach is 

your purview. There's no, there's no effort whatsoever to prescribe or dictate 

instructional approaches. […] But we did make strong argument that it benefits 

the students to align sections. (Ctte01/Roald, Sp16). 
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This is evidence of the importance of instructors’ beliefs about their rights in relation to the 

change initiative. Regardless of the statutes, and despite Roald’s “covert goal of increasing the 

amount of active learning that's happening in undergraduate math courses” (Ctte01/Roald, Sp16), 

concerns about reactions to mandating pedagogical approaches contributed to the omission of in-

class teaching approaches from the initiative. At least in regards to faculty and lecturers – there 

were no qualms about prescribing teaching styles for undergraduate and graduate students 

leading breakout sections. The discrepancy in approach reflects, among other things, a better 

understanding of how to work with those learning to teach (TAs) than how to support change in 

the instructional style of colleagues with many years of teaching experience. While some 

members of the CTF hope to see an influx of active learning strategies in all course meetings, it 

was deemed more effective to begin with breakout sessions and then gradually work to 

disseminate those practices. 

Attitudes about instructor independence affected the implementation of the course 

coordination system by limiting the scope of what was possible within departmental norms. 

Requiring a common set of topics did not meet with much pushback, but common exams and 

grading schemes did cause a stir. No one tried to suggest common instructional strategies on the 

part of primary instructors – though GTAs were required to run the activity sessions using active 

learning strategies and were supported with professional development. There is abundant 

research which indicates that prescribing teaching approaches can be difficult and problematic if 

not coupled with robust training and professional development (T. M. Andrews et al., 2011; 

Larsen et al., 2015; Speer & Wagner, 2009). Time constraints and instructor independence 

played a contributing role in decisions not to implement professional development for faculty 

and lecturers, and without such a program asking these instructors to use active learning 
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strategies would not have been a good idea. In summary, the department zeitgeist around 

instructional independence was a major factor in the design and implementation of the 

coordination system and active learning labs during the first two years of its use. 

Views of P2C2 Students & Program 

This major change initiative was promoted as something that would support student 

success in the P2C2 sequence. Therefore, consideration must be given to departmental attitudes 

and beliefs about students in the P2C2 sequence as well as the purpose of that sequence. Here I 

explore two major themes related to department views of students and the P2C2 sequence: a 

pervasive belief that students are not prepared for calculus when they enter the university and 

mixed feeling about the P2C2 sequence as a “service courses” for other majors. 

Lack of preparation. One of the few things that department members agree upon is that 

students are not as prepared for courses as they would like. This is particularly true with regards 

to students taking their first LSU mathematics course. The Calculus 1 coordinator noted that 

many students in his class “shouldn’t be there” and struggled because “they don’t have the 

background or the ability” (Kevin/C1_Coord, Sp16). An administrator (Alice, AD01) noted that 

a contributing factor to the low success rates was “probably the preparation, particularly of some 

of our students that have not been as well-prepared in math as they could be” (Alice/AD01, 

Sp16).  

Some people spoke of the lack of quality mathematics preparation students receive in 

high school, and implied that if students were better prepared in high school, the problems at 

LSU might not have existed at all. In particular, one of the faculty who taught P2C2 courses on 

and off said, about the high DFW rates which prompted the initiatives: 

I tried to say [to the chair] that I think just in general that this is a, this is not a 

[LSU] problem this is a, the DFW rate in calculus is a problem, it's across the 
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country. My personal view is the biggest problem is coming out of high school 

the students don't have the algebra. I've taught calculus for thirty years and if the 

students know the algebra I can teach them calculus. If they don't know the 

algebra I can't. And so that to me is a very simple thing. But the problem is the 

algebra skills. (Dave/MA03, Sp17) 

This view, that the DFW rate in calculus was no better or worse than that across the country, was 

apparently somewhat widespread, according to Alice. She noted that “the math department […] 

basically kind of says well we're no worse than any of the other math departments” (Alice/AD01, 

Sp16), which she found troubling both personally and in her professional capacity as an 

administrator in the college housing the mathematics department at LSU.  

Dave also spoke about students’ lack of algebra preparation when they had taken 

Precalculus at LSU. He believes that Precalculus is “essential” for student success, in Calculus 1 

and Calculus 2, and that “if [students] can really have an excellent precalculus learning the basics 

[…] it would be wonderful” (Dave/MA03, Sp17). He noted that he was not sure what the 

Precalculus coordinator was doing with that course, but remarked that there was still room for 

improvement – though “it's a difficult problem so it'd be unfair […] to expect spectacular results” 

(Dave/MA03, Sp17). 

Faculty also expressed concern about students’ preparation for courses that require P2C2 

prerequisites, and in fact cited this as one of the reasons for the initiation of changes to the 

program. In particular the department chair said that he had been “disappointed with the level of 

the students in upper division courses” (Chair, Sp16) and wanted to become chair in part because 

he had spent so much time thinking about 

What should people be learning, when should they learning it, what should be in 

our courses, how should things be modified, how do they all fit together. (Chair, 

Sp16) 

This time spent thinking about how to better prepare students for their courses laid the initial 

groundwork for thinking about this major program overhaul, which the chair was instrumental in 
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leading. He further noted that he had heard similar complaints about student preparation from 

other faculty. Alice, the administrator, echoed the chair’s comments about the sequencing of 

courses and theorized that, in some sequences, 

Either the first level course skipped some things that the next level course 

assumes that students have and they don't, or it may be that it did, that didn't 

exactly nail that area enough so that when students go to the next level […] there 

needs to be a lot of meshing of how one class feeds into another. (Alice/AD01, 

Sp16) 

Some more concrete evidence of Alice’s theory comes from one of the faculty, Goksu, who 

frequently taught Calculus 3 (multivariable calculus) and remarked: 

When I teach Calculus 3, and when it comes, for example, to a case where I have 

to apply, we have to apply the fundamental theorem of calculus – so a very 

important theorem on line integrals – and when I posed that question I hardly get 

a response from the students. That's very discouraging. So I've been observing 

and there are certain pretty fundamental concepts, fundamental ideas [that] are not 

there, readily available. In some cases even their regular procedural skills in 

integration are lacking which, as I said, should always go hand in hand with the 

conceptual development. (Goksu/MA04, Sp17) 

Goksu’s comments are directly related to perceived problems in the P2C2 sequence, 

which precede Calculus 3. These various testimonials contribute to a general sense in the 

department that there were problems in the P2C2 sequence. 

Finally, I note a result from the Likert-scale items reported in Chapter 4 and the 

departmental climate section of this chapter. One item was thrown out of the shared perceptions 

of students and teaching (SPST) scale for being a low outlier. The rest of this scale averaged 3.9 

in both terms when it was used (Spring 2016, Spring 2017), but the item “[instructors at LSU] 

feel that most students are academically well-prepared” averaged 2.5 in those same terms. This is 

equivalent to midway between “disagree” and “somewhat disagree,” further confirmation that 

the general attitude in the department is that students are not perceived as prepared for their 

courses. 
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These sentiments are perhaps not surprising to those who have spent some time in 

undergraduate mathematics departments. However, I document it in some detail because of its 

relevance to the change initiative. Many feel that students are lacking a certain level of 

prerequisite knowledge, experience, and/or skills despite having qualified to continue. This 

seems to support the need for some changes and improvements – but some feel that it is the high 

schools that need to change, not LSU. Others recommend more time or blame those teaching 

prerequisite courses, while some (including the change agents) wanted to revisit course content 

and alignment. All in all, this general sense of problematic preparation, as opposed to a belief 

that everything was “fine,” supported the initiation of changes, though not everyone agreed how 

to address this concern. 

Service sequence & purpose. It is true that the majority of students enrolled in P2C2 

courses do not intend to major in math. At LSU, the majority (near 70%) of students enrolled in 

P2C2 courses intend to declare an engineering major, and most of the rest have applied science 

intentions; it is also true that the P2C2 sequence is required for most STEM majors at LSU6. 

Thus, a view of the P2C2 sequence as a course which serves other departments is not surprising. 

However, the purpose of that service is not unanimously agreed upon. Some feel that the purpose 

is to support and engage STEM majors in mathematics that will prepare them for future 

coursework; others view it as their duty to weed out weaker students. 

Claudio noted succinctly that “this course is mainly a service for others; there are few 

math people taking calculus because the bulk are other STEM majors” (Claudio/C2Coord, 

Sp16). Roald also referred to the course as a service course, and identified engineering as the 

                                                 

6 Technically, Calculus 1 is the course required by all STEM majors at LSU, and Calculus 2 is required for most 

others. Precalculus is not required in most degree programs, but as a prerequisite for Calculus 1 it is required for 

students who enter LSU without the preparation needed to start in Calculus 1. 
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department’s “major client discipline” (Roald/Ctte01, Sp17). The student body in P2C2 courses 

was again explained by Scott, who noted that “most of the students in there are not math 

students” (Scott/MA12, Sp16); and by Goksu, who said “after all it's a service course; many of 

the students are clients from other departments” (Goksu/MA04, Sp17). This perception is backed 

up by internal records, as described by the department chair. 

Alice, an administrator, referred to calculus as “a gateway class to STEM fields” 

(Alice/AD01, Sp16). This sentiment relates to both the requirement of these courses for 

graduation with a STEM major and the fact that historically DFW rates in these courses at LSU 

have been relatively high – it has not been easy for students to meet this requirement. In her 

explanation for the attention on P2C2 courses as something that needed improvement, she 

reported that “for a long time I’ve noticed that students in the precalculus and calculus [courses] 

get worse grades than other kinds of classes” (Alice/AD01, Sp16).  

The role of P2C2 courses for students is thus fairly agreed-upon, but the purpose is more 

varied. The Calculus 2 coordinator represents one of the major camps, one that feels that the 

purpose is to prepare the students in P2C2 courses to go on. He said that success with the 

initiatives would be “basically knowing that these [students] can go to their physics to their 

engineering [courses] and they can do things” (Claudio/C2Coord, Sp16). He also speaks of a 

need to help students understand the relationship of the mathematics to applied science, that they 

need to help students have the “perspective that this is not dry math,” in part by designing 

activities and tasks that “should resonate with their background” (Claudio/C2Coord, Sp16). 

Claudio’s perspective is, of course, tied to his role as a course coordinator. In particular, he has 

more responsibility and opportunity to think about the delivery of course material. Others refer 

mainly to the overall content of these courses when talking about their relation to science and 
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engineering majors. To that end, Roald reported that the initial CTF took the initiative to 

communicate with client disciplines to identify “what engineering faculty want out of a calculus 

course” (Roald/Ctte01, Sp16) – though those conversations were not particularly enlightening.  

People referred to their intention to prepare students for mathematics courses as well as 

applied sciences. For example, an instructor noted that one of the goals was for students to 

understand “how calc two relates to calc one or calc three” (Mark/MA13, Sp17). Goksu also 

pointed to a need to prepare students for their future courses, both in mathematics and 

engineering, saying that P2C2 courses “should really cater to what is needed” (Goksu/MA04, 

Sp17) in terms of preparation for Calculus 3 or engineering courses – and that this had not 

consistently been the case. 

The Calculus 1 coordinator represents another camp, in that he views the P2C2 courses as 

a sequence which should “filter out” students so that those who continue are “a little bit weeded 

out” (Kevin/C1Coord, Sp16) and “better quality” (Kevin/C1Coord, Sp17_2). Alice’s comments 

about P2C2 as a “gateway” course for STEM majors, as well as her reports of “student blaming” 

(Alice/AD01, Sp16) indicate her perception that this weed-out mentality is somewhat 

widespread. Mark also referenced this mentality, saying that many faculty “treat them like weed 

out courses instead of giving the students support and trying to get them to a higher level” 

(Mark/MA13, Sp16). Scott noted that “a lot of math teaching [aims to] filter out the talent” 

(Scott/MA12, Sp16), though he did not say this in particular relation to the P2C2 courses at LSU. 

In fact, only Kevin explicitly said that one of the purposes of LSU’s P2C2 courses is to weed-out 

weaker students. However, widespread acknowledgement of this attitude and complaints about it 

imply that this attitude exists in the LSU mathematics department and may affect the 

implementation of the P2C2 courses. 
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Symbols Summary 

The symbols lens of the four frames perspective emphasizes shared values, beliefs, and 

common assumptions within the department that affect the enactments of structures and the 

process of change. Surveys and interviews with a range of people at LSU provide some insight 

into a few major symbolic elements of the culture of the LSU mathematics department. The 

survey results indicate the general climate is of a disconnected, though not antagonistic, 

community. Individuals also tended to believe that they were more invested in innovation, 

improvement, and teaching than their peers. One of the widespread beliefs is in instructors’ right 

to pedagogical autonomy, such that people should not tell faculty how to teach. There is also a 

widespread belief that students are not academically prepared for LSU mathematics courses. 

Some of this relates to students entering the university for the first time, but it is also a concern 

for students continuing through and beyond the P2C2 sequence. The P2C2 sequence itself is seen 

as a service sequence for non-mathematics majors. 

These beliefs and attitudes affect the implementation of P2C2 courses and associated 

structures. For example, the perception of P2C2 courses as service courses for other majors and 

the perceived lack of preparation of students who take P2C2 courses has an effect on the 

desirability of these teaching assignments. Most department members report that their favorite 

courses to teach are post-P2C2 courses, where students are more likely to be ready and interested 

in learning the material. 

Individuals’ perceptions of themselves as interested in innovation and improvement, 

coupled with the widespread belief that the P2C2 courses were not adequately preparing students 

to continue in mathematics, supported the initiation of changes. However, the assumption that 

instructors should be allowed to teach as they please, coupled with people’s perceptions that they 
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are more engaged in teaching, improving teaching, and supporting students than their colleagues, 

can provide resistance to changes. The change agents at LSU were internal, and so recognized 

(sometimes implicitly) the climate, values, and assumptions present in the department. Much of 

the messaging surrounding the change initiative reflected these shared assumptions, so that the 

impetus of the initiative was presented as addressing shared concerns and reflecting common 

assumptions. Despite the extensive and comprehensive nature of the new changes being 

implemented, change agents were careful to communicate that they were not asking instructors 

to change how they teach regular course meetings. Instead, they expressed hope that interest in 

pedagogical improvement would emerge from the results of the structures that are implemented. 

This approach, first pushing structures that align (somewhat) with department attitudes and 

beliefs, has supported the initiation of a major change initiative. This is commensurate with the 

four frames’ suggestions of the importance of understanding department culture through a 

symbols lens when implementing change (Reinholz & Apkarian, 2018).  

People 

The people frame emphasizes that departments are collections of people, who are 

individuals with their own “goals, agency, needs, and identities” (Reinholz & Apkarian, 2018, p. 

4) which affect their priorities, level of engagement, and are not exactly aligned with the 

overarching symbols of the group. This section considers how membership in the various 

department divisions, and the nature of lecturer and faculty roles, affect people’s relationship to 

the P2C2 sequence and the rest of the department. I also discuss how these individual variations 

were acknowledged and addressed during the change process through the use of a committee 

with rather diverse membership. 

A Department Divided 
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The Department of Mathematics and Statistics at LSU has three official divisions: (1) 

mathematics and applications; (2) mathematics education and; (3) statistics. There is an associate 

chair for each division, and each division is responsible for a subset of the courses offered by the 

department. This is enough to indicate individual variation in terms of areas research and 

teaching interest. Furthermore, these formal divisions have a history of conflict, and there has 

been conflict within divisions as well.  

Within the mathematics and applied mathematics division of the LSU department, 

divides have historically been along subfield lines – primarily between algebraists and analysts. 

The department chair related conflict between those working in a few content sub-areas and the 

rest of the mathematics division, which developed as people were hired and created research 

groups. He noted that some of these frictions were particularly related to the topic of this study, 

because: 

Part of [the conflict] is related to what we changed with calculus. They do more 

computational work and more applied work, and they saw more pure mathematics 

as not in the best interests of the students, and not really exciting. (Chair, Sp16). 

Several department members corroborated this story, pointing to disagreements about the 

balance between conceptual understanding and procedural skills, relative emphasis on various 

topics (e.g., infinite series, techniques of integration), and the role of technology in introductory 

courses. These were justified variously by appeals to the needs of students in engineering majors 

and later careers, what is important to the nature of calculus, and what is needed to support 

understanding in upper-division mathematics courses. An exhaustive comparison of these views 

is less valuable to this study as compared to the existence of conflicts and competing views of 

the P2C2 courses that align with research areas and experience with various career fields.  

The department chair, who had been at LSU for nearly 20 years, mentioned some of the 

inter-division conflict but was reticent to speak about particulars and did not assign blame to any 
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particular people or groups. He indicated that there had been serious conflicts between the 

mathematics and mathematics education divisions (corroborated by administrators), and what he 

felt were less serious conflicts between the mathematics and statistics divisions. In fact, over the 

previous 10 years or so there were several explorations of spinning one or more of the divisions 

into their own department, though none came to fruition. The department chair, Calculus 2 

coordinator, and Roald each noted that the fractures between divisions were less than they had 

been in the past, which may have smoothed the development of the change initiative. That said, 

Roald also mentioned “less division among divisions” (Roald/Ctte01, Sp16) as one of his goals 

for the future of the department. That there is a clear distinction between the mathematics and 

mathematics education divisions was apparent from some of the interviews. Goksu and Kevin 

referred bluntly to “the math education side” (Goksu/MA04, Sp17) and “the math ed people” 

(Kevin/C1Coord, Sp16), collapsing the many members of that division into a single unit and 

indicating their perception of that division as uniformly interested in certain areas of research 

(which is not accurate). Their comments also positioned those in the mathematics education 

division as “other” in comparison to the mathematics and applied mathematics division. In 

contrast, they noted individual traits and research areas of those in their own division. 

Given that the P2C2 supervisory committee included mathematics education researchers 

(including the Precalculus coordinator) and was based around the results of mathematics 

education research, this inter-division separation and related assumptions seems relevant for 

understanding potential reticence. There is evidence from Goksu, who was particularly 

outspoken, in his statements that the mathematics education researchers care about how a course 

is taught, but not what content is contained in the course (Goksu/MA04, Sp17). Kevin positioned 

the change initiative as originating with mathematics education researchers, rather than a 
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coherent department effort, when he said “what started off as change is that the math ed group 

[…] they did all the research around the country and they want to try it here” (Kevin/C1Coord, 

Sp16). The intra-division frictions also have potential to influence attitudes toward the new P2C2 

program. It was noted that the department chair “is an algebraist” which diminished Goksu’s 

faith in the chair to oversee calculus (Goksu/MA04, Sp17). The Calculus 1 coordinator has a 

history of research in ODE’s, though he has not been active recently; the Calculus 2 coordinator 

is actively involved in dynamics research. Those who are more involved in algebraic research 

may question whether or not these coordinators will make decisions that support students’ 

understanding of the upper division courses they teach. 

Rank and Role 

As in most university departments, the LSU math department has members of varying 

ranks. In particular, those who teach within this department include tenure-stream faculty 

(assistant, associate, and full professors) who are further subdivided into those who are research-

active and those who are not, and lecturers, who are primarily adjunct faculty who teach at other 

local colleges but sometimes includes senior graduate students. There are a few (2-4) long-term 

lecturers who are more or less permanent fixtures in the LSU teaching pool, and several short-

term contracted lecturers. None of the lecturers have voting rights within the department, and 

they do not attend department meetings. Faculty who are research-active have a reduced teaching 

load, and lecturers often take on the same or more courses as compared to non-research-active 

faculty. Lecturers teach mainly introductory courses in each division. Note that at LSU, “non-

research-active” does not mean that there is no research expectation in regards to faculty tenure 

and promotion, only that they are not publishing or bringing in grants at a particular rate. Such a 

hierarchy raises questions of associated status and respect among department members – on top 
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of the previously discussed distinctions between department divisions. In this section, I focus on 

the extent to which rank labeling affects people’s roles and expectations in relation to P2C2 

courses, and in the Power section which follows I touch on power dynamics. 

Interview data from this project does not reveal major status differentials between pre- 

and tenured faculty, but there are some differences in expectation. One new faculty member 

expressed this as follows: 

I am a new assistant professor. This is my first year with the department and so it 

goes without saying that there are, there's sort of a strong external push both in the 

community and I think within mentors in the department to sort of like keep your 

head down, do the things you need to do, and get tenure and, and so that's 

important as sort of a background. (Roger/Ctte02, Sp17_2) 

His comments indicate that, as a new faculty member, his priority was to do things to support his 

tenure portfolio. They also indicate that this was widespread knowledge within the department 

and beyond, as communicated by his mentors. When remarking on the selection of course 

coordinators, the department chair noted that “those [who] were really pushing for coordination 

were mainly newer faculty, who should be teaching in their specialty” (Chair, email 

correspondence). His comments do not imply that newer faculty were not perceived as capable 

of coordinating or holding formal roles in the department, but rather that there is a different need 

for new faculty to engage with courses in their specialized topic area as opposed to the P2C2 

courses which are a service for so many disciplines. This difference in priorities and expectations 

for newer versus more senior faculty affects the population who would be willing and expected 

to teach P2C2 courses, as well as the value they might see in teaching those courses in terms of 

their career trajectory.  

The roles of lecturers and faculty in the department are quite distinct at LSU. While 

tenured and tenure-track (T/TT) faculty have teaching, research, and service expectations, the 

non-tenure-track (NTT) lecturers have only teaching responsibilities. This was confirmed in the 
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interviews, as all T/TT faculty identified their role as including elements of teaching, research, 

and service, while the lecturers spoke only of teaching. This means that NTT people do not have 

competing professional components in their positions at LSU, which allows them to focus more 

closely on instruction. However, many of the lecturers also teach at local two-year colleges, 

which means that they do have multiple jobs competing for their time. It further means that 

whatever institutional loyalty they feel is likely split between their employers. Mark, for 

example, is a tenured professor at a local two-year college and a lecturer at LSU and teaches a 

full load of courses at both. Due to his schedule, he comes to LSU only on teaching days, teaches 

his courses, and then returns to his home institution – he cannot spend time on the LSU campus 

outside of his teaching schedule. Mark spoke of feeling “a sense of obligation to the students” at 

LSU because “a lot of faculty in general don't want the lower division courses” (Mark/MA13, 

Sp16). He further explained that he loves teaching, and does not think that the faculty at LSU 

have the time or interest needed to support students in lower division courses. He senses “a 

delineation, so to speak, between tenure track [faculty] and lecturers” (Mark/MA13, Sp16), 

which he attributed to partly to distinctions in personalities and partly to the variable job 

requirements.  

Before and after the change initiative, those teaching the P2C2 courses included a 

roughly even mix of lecturers and faculty. At least three factors have contributed to the current 

mix of instructor rank in P2C2 courses: (1) the offerings of upper-division and graduate courses 

which require specialized faculty to teach them; (2) a gradual decrease in the number of faculty 

lines in the department; and (3) budget constraints which restrict the number of lecturers the 

department can hire. During this study, the Calculus 1 and Calculus 2 coordinators (both tenured) 

taught one section of their respective course alongside a mix of T/TT and NTT instructors; 
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among the T/TT instructors were both early career and senior faculty, both research-active and 

not. In the first year of the change initiative the Precalculus coordinator taught the course 

alongside a set of lecturers, while in the second year it was only taught by lecturers while she 

focused on her LCMS duties and working with the ISAs involved in the Precalculus courses.  

The mix of pressures on instructors from their varying roles, as well as expectations 

levied on them due to these roles, affect the implementation of the P2C2 sequence as well as 

some of the symbols and attitudes about people. In regards to instruction, several people 

mentioned that it would be better to have faculty teach all the courses as they know more about 

mathematics as a discipline and how courses align vertically. There was also some mistrust of 

lecturers whose teaching evaluations were consistently high, with an assumption that they must 

be writing easy exams. Some of this mistrust was alleviated with the introduction of the 

coordination system. Because lecturers do not have a service commitment to LSU and they often 

have other jobs, they were not included in committees about changes to calculus and do not have 

voting rights within the department – despite the fact that some votes affect them heavily and in 

many cases they have more experience teaching P2C2 courses. Regarding coordination, several 

faculty noted that it was acceptable to tell lecturers what to do, and that lecturers would listen to 

a professor; they said it was less appropriate to tell other faculty what to do, and indeed faculty 

were the ones who pushed back more strongly when teaching the coordinated courses. 

The Calculus Task Force(s) 

In light of these historic divides, the change agents within the department intentionally 

included representatives from multiple factions in the original conversations about future 

directions, as part of the Calculus Task Force (CTF). The CTF was charged with developing a 

plan for improving the P2C2 program at LSU, though they did not have the final word, as 
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changes needed to be approved by a department vote. The original CTF consisted of the two 

mathematics education faculty members, five mathematics faculty, and two engineering faculty, 

with some oversight and involvement by the department chair. The engineering faculty were 

included because, as noted previously, nearly 70% of students in P2C2 courses intend 

engineering majors. Members of the statistics division were not included in the task force, with 

the assumption that as they do not teach P2C2 courses and these courses are not prerequisite for 

most statistics courses, they did not have much vested interest in the process. Table 5.2 gives an 

overview of the members of the CTF in terms of their department, rank, and future role or title 

within the change initiative. Roald, whose research in undergraduate mathematics education 

includes work related to calculus programs and supports, chaired this committee. 

Table 5.2. Profile of membership of original Calculus Task Force (CTF) convened in the 2014-15 academic year. 

ID Code Department Division Rank Future role 

Ctte 01 (Roald) Mathematics 

Education 

Professor Committee member 

PC Coord 

(Becky) 

Mathematics 

Education 

Associate Professor Precalculus Coordinator; 

LCMS Director 

C1 Coord 

(Kevin) 

Mathematics Associate Professor Calculus 1 Coordinator 

C2 Coord 

(Claudio) 

Mathematics Professor Calculus 2 Coordinator 

MA 02 Mathematics Assistant Professor  

MA 03 (Dave) Mathematics Professor  

MA 05 Mathematics Assistant Professor  

Eng 01 Civil Engineering Professor  

Eng 02 Aerospace 

Engineering 

Professor  

  

This mix of members includes representatives from multiple factions at LSU, varying 

across departments, divisions, and rank. While not everyone in the department could participate 

in the CTF, most people in the mathematics and mathematics education divisions felt that there 

was someone on the CTF who they trusted and shared their perspective on matters related to 
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P2C2 courses and instruction. However – there are no lecturers represented, though they 

regularly teach sections of the P2C2 courses and some of the long-term lecturers have more 

experience teaching those classes than anyone on the CTF.  

Together, the CTF members discussed existing concerns with the P2C2 program and 

various strategies for addressing those concerns. They reviewed literature from mathematics 

education research and, as they identified potential new structures, brought in speakers from 

other universities to share how that structure worked at their institution. That support, along with 

each member’s personal experience, understandings, and attitudes about the teaching and 

learning of mathematics, helped guide the development of the structures which were eventually 

implemented. The range of experiences and beliefs, which represented many of the factions 

within the department, allowed a range of concerns to be voiced and addressed in the initial 

development phase prior to presenting a full plan to the rest of the department. Thus the initial 

proposal to the rest of the department avoided many potential pitfalls that might have stopped the 

change initiative in its tracks. 

The strategy of including many different people during the early stages of the process is 

in line with theories of change which highlight cultural influence (Reinholz & Apkarian, 2018). 

Having so many people involved early in the process gave individuals the opportunity to weigh 

in on the development of the change initiative and have many voices heard. It further showed 

that the change agents were not mandating a new system, but instead working with the 

department and client disciplines for a more collaborative effort. In line with best practices 

suggested by the research literature surrounding university-level change, this was not a top-down 

initiative but a collaborative effort (Henderson et al., 2011). This approach worked for the LSU 
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mathematics department, as the department voted to implement all of the structures proposed in 

the CTF’s plan. 

The full CTF was retired after decisions were made about the direction of the initiative, 

and was supplanted by the P2C2 Supervisory Committee starting in the 2015-16 academic year. 

This committee originally consisted of the department chair, Roald, who chaired the CTF, the 

Calculus 1 coordinator, the Calculus 2 coordinator, and the Precalculus coordinator who is also 

the LCMS director; they were joined by a new assistant professor in mathematics education who 

worked with the GTAs. The intention of this group was to monitor the P2C2 program and 

continually make tweaks to support student success. As with the original CTF, this committee 

includes members of the mathematics and mathematics education and so crosses division lines.  

However, this changeover was not universally communicated to the rest of the 

department – and in some cases not even to members of the CTF who did not move on to the 

supervisory committee. I refer to it here as the P2C2 Supervisory Committee for clarity, but it 

has been referred to by many names since it began. Table 5.3 provides some of these names, as 

collected from interviews, emails, meeting notes, agendas, official documents, and departmental 

reports throughout this study. 

Table 5.3. Names by which the P2C2 Supervisory Committee has been referred to in interviews, email 

communication, official documents, and reports since it began in the 2015-16 academic year. 

Calculus Task Force Calculus Pipeline Committee 

Calculus Committee Precalculus/Calculus Committee 

Calculus Task Force Committee P2C2 Supervisory Committee 

Calculus Sequence Committee Calculus Course Steering Committee 

 

Within the committee, these names are used without confusion, but “Calculus 

Committee” and “Calculus Task Force” are the most common. This extends to internal memos 

and email communication as well as reports presented at department meetings. The lack of 
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transparency surrounding the nature of the committee has had some repercussions. For example, 

Dave did not recognize that the CTF had been ended and replaced by a new committee with a 

different purpose, saying “I found myself dropped off [the CTF] without being told about that” 

(Dave/MA03, Sp17). During the same term, Goksu noted that “[the] calculus task force is mainly 

comprised by people from the math education side, aside from [Kevin] and [Claudio]” 

(Goksu/MA04, Sp17). Note that these comments about the CTF occurred at the end of the 

second academic year after the CTF was retired and replaced by a supervisory committee – 

indicating that this was not just initial miscommunication during a transition period, but a 

persistent point of confusion. 

On the surface, this may seem to be a fairly trivial issue, especially as compared to 

questions of instructor independence, pedagogical change, or course content. However, one of 

the major benefits of the CTF was that its composition included representatives from many parts 

of the department which engendered a sense of trust and representation. This in turn reinforced 

the collective aspect of the change initiative which supported shared ownership of the program. 

That people feel the CTF has dropped members or is primarily composed of people from one of 

the fractured divisions may erode that goodwill and feelings of shared ownership. If the 

impression is that the chair, or another one of the change agents, has moved to a top-down 

approach, then the concerns associated with top-down changes may well come into play 

(Borrego & Henderson, 2014; Kezar, 2014a, 2014b). This, despite the fact that the actual 

structure of the CTF and P2C2 Supervisory Committee are in line with recommended practices 

(Bressoud et al., 2015; Reinholz & Apkarian, 2018).  

Power 



 

170 

This section of this chapter focuses on the power frame from Reinholz and Apkarian’s 

work on departmental culture (Reinholz & Apkarian, 2018). Power dynamics affect relationships 

between people, and can afford or constrain changes. In this section I look at some of the 

existing power dynamics within the department and university, as well as how they have been 

leveraged in the change initiative. 

Administration 

In order to implement the structures at LSU, administrative support and funding was 

needed. The department chair and CTF understood this, and worked with the existing plans and 

committees to gain leverage. This was particularly important given the administration’s 

frustration with the negative impact of P2C2 courses on graduation rates, particularly for STEM 

majors. A key component of this strategy was LSU’s strategic plan. Developed in 2012, it set out 

three broad institutional goals, along with specific initiatives to support each, for the period of 

2013-18. One of these goals was Student Success, and several of these initiatives directly relate 

to the changes surrounding the P2C2 program.  

The most straightforward link involved the LCMS, which the strategic plan explicitly 

called for. Members of the mathematics department were able to make a case for having the 

director of the LCMS come from within the mathematics education division of the mathematics 

department. Becky’s expertise in mathematics education research, combined with her role as part 

of the CTF and her burgeoning influence regarding Precalculus, supported their argument that 

keeping the LCMS directorship within the department would enhance the services provided and 

ensure that LCMS activities aligned with the structural components of the P2C2 courses. This 

argument was made successfully, and the LCMS has been integrated with multiple aspects of the 

P2C2 program. 
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Another aspect of the strategic plan which was leveraged by the department related to 

instructional improvement. This was a less straightforward link, but as requests for funding and 

support went up the administration channels this proved to be valuable. Administrators saw the 

CTF and movement toward active learning and course coordination as supportive of this 

initiative – and therefore a way to demonstrate that the college was actively working to support 

the university’s strategic plan. That this strategy was effective is implied by institutional reports 

associated with the accreditation process, which specifically mentions the mathematics 

department’s activities as supportive of this initiative.  

This same institutional report notes the participation of the mathematics department 

(specifically, the department chair) on a university task force related to class sizes. This task 

force was appointed by the LSU academic senate to investigate and test strategies to improve 

student learning through smaller class meetings – within LSU’s financial limitations. That task 

force made recommendations for breakout sessions along with support via course coordination 

and GTA teaching preparation. The mathematics department chair applied for financial support 

to implement these strategies in the P2C2 sequence, and obtained the funding allocated for the 

College of Sciences. He was the only member of the LSU College of Sciences or School of 

Engineering to submit a proposal for this funding, and possible the only member of a STEM 

department to participate in that task force at all.  

In addition to aligning their requests and plans with the university’s strategies to secure 

initial support, the department has collected and presented data that the administration is 

interested in. To this end, the LCMS has collected, analyzed, and presented data which indicate a 

positive effect on students’ likelihood to pass P2C2 courses when they attend the center. The 

LCMS director and the department have also collected data on students’ attitudes toward, beliefs 
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about, enjoyment of, and experiences with mathematics throughout the P2C2 sequence. But the 

primary reports shared with the administration, as needed to justify continued or increased 

funding, focus on student passing patterns in P2C2 courses. These passing rates and patterns are 

directly related to performance analysis measures named in the strategic plan, including 

graduation rates, retention rates, time to degree, and achievement gaps. By presenting data 

showing that students who attend the LCMS are 2-3 times more likely to pass a P2C2 course, 

while controlling for background and demographics, the LCMS director has been able to 

increase the level of funding and support enough to expand the center. 

By aligning their plans with the university’s and college’s stated missions and goals, the 

LSU mathematics department was able to garner support from the administration. This alignment 

was indication to administrators that “they were ready to change” (Alice/Admin, Sp17) which 

made them comfortable allotting funds. Alice also noted that the CTF’s efforts to align their 

program with the university’s plans made it easier for her to defend that allocation to higher-ups. 

It also brought positive attention to the mathematics department, and therefore the college 

housing the department, and therefore LSU as a whole, as systematically working to improve 

student outcomes. 

Rank and Respect 

The section of this chapter which focused on the People frame of culture noted some of 

the variation in role and expectation based on rank and title within the department. I now turn to 

some of the associated power and status differentials. The strongest evidence of major status and 

power differentials within the department is for T/TT faculty over NTT lecturers. This is 

manifested in several ways, both structurally and through social attitudes.  
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The first element of structural power hierarchy is that lecturers do not have offices on the 

LSU campus. This serves to position them as not full members of the department in a way that is 

noticeable to both faculty and students, who do not see them in the main building. A second 

element is that lecturers do not have voting rights when it comes to departmental decisions and in 

general do not attend department meetings. This sends a message that the lecturers do not need to 

be in the loop regarding the department, and they do not have a voice in the direction taken by 

the department. In recent years this is particularly striking. The department’s vote on the 

implementation of P2C2 structures affected the lecturers’ jobs quite severely – they are required 

to adhere to decisions made without their input. Mark corroborated this, saying “I was updated 

when the changes came down but it wasn't that I was a part of the conversation” (Mark/MA13, 

Sp16). In addition, the lecturers are not present when data about the impact of those changes are 

discussed and presented to the rest of the group, leaving them more or less in the dark as to 

whether or not they are having any effect. 

That there is a differential in terms of power and respect between faculty and lecturers is 

apparent from the interviews. The long-term lecturer Mark outlined how he felt, saying 

There's always been a delineation, so to speak, between tenure track and lecturers. 

Lecturers have always been, for a lack of a better phrase, sort of taken advantage 

of. They are considered bottom of the barrel. I've overheard conversations where 

that's even implied in how we're talked about. And there seems to be a lack of 

awareness of how much we teach, how many students we have, and how little our 

pay is. (Mark/MA13, Sp16) 

While none of the faculty interviewed in this study explicitly corroborated Mark’s “bottom of the 

barrel” perception, they made statements that positioned lecturers beneath faculty. In talking 

about coordination, Claudio said of the other faculty member teaching Calculus 2, “I don't feel 

like I should be too much on top of the person” (Claudio/C2Coord, Sp17_1). A bit later he 

explained further that “lecturers are more conducive to having a coordinator because they see a 
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full professor being the coordinator [and] they respect me,” as compared to faculty, about whom 

he said “obviously the professor has his own ways and I had to compromise some of the 

material” (Claudio/C2Coord, Sp17_2). This indicates Claudio’s perception that lecturers will 

respect him because of his rank and follow his lead, while he must compromise more with other 

faculty. There is also evidence that this belief is widespread through the department. For 

example, Goksu said that he had complained about the “too strict coordination” because it 

just makes it impossible for a professor to implement some of his own ideas. So 

the initiative is taken from the professor. Of course, then the reaction to that is 

that many of our, well many of the calculus instructors are part or full-time 

lecturers anyway. (Goksu/MA04, Sp17). 

The idea that lecturers do not need, want, or deserve, as much independence as faculty is 

evidently widespread enough that it was used as a justification for implementing a coordination 

system. Goksu expressed a preference for having faculty teach when he noted that “unfortunately 

many of the people in, well especially the large class sections, are lecturers, not tenured or 

tenure-track faculty.” He argued that “more people [who] actually use calculus […] should be 

involved in calculus” (Goksu/MA04, Sp17), as opposed to the lecturers who do not teach upper-

division or graduate-level mathematics courses. His description of his general wariness of “too 

strict coordination” further revealed his perceptions, as when he said “I think some more 

flexibility should be provided to the individual lecturers, or especially professors, in exams” 

(Goksu/MA 04, Sp17). The inclusion of “especially professors” when talking about instructor 

freedom again indicates a distinction in respect between the ranks. 

Power Over Instructors 

The final power hierarchy I consider in this chapter relates to who has power over 

instructors.  
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The department chair has ultimate power over teaching assignments. He therefore has the 

ability to control who teaches the P2C2 courses, which were the target of the change initiative 

that he is overseeing. The chair indicated that he had used this power to keep those who were 

most resistant to course coordination out of the P2C2 sequence, so they could not directly 

interfere with the system. This was particularly a concern for him after one of the faculty 

teaching calculus refused to adhere to or discuss a common grading scheme. The faculty are 

aware of the chair’s control of teaching assignments, and the professor who the chair referred to 

noted that “they moved me to [Calculus 3] because I think I squeaked too much” (Sp17).  

In addition to people’s attitudes toward teaching a coordinated course, teaching 

evaluations and individual instructors’ DFW rates influence the chair’s final teaching 

assignments – and there is pressure from administration to do this. This pressure comes from 

“trying to make sure that the people who are teaching these classes are good at teaching them 

and want to teach them” (Alice/AD01, Sp16). Alice noted that the department chair has access to 

all teaching evaluations, and that she had suggested he comb through those evaluations, identify 

themes, and work with others in the department to find strategies for avoiding reiterated 

problems. It was clear from her interview that she and others in administration have carefully 

pored over those same evaluations and this had contributed to their concerns about P2C2 courses 

and their directives to the mathematics department, through the department chair. 

In the new system at LSU, an active learning lab has been added to each P2C2 course. 

These labs are designed by the coordinators and taught by TAs. The GTAs are provided 

professional development to support their ability to teach using active learning strategies in those 

discussion sections. As noted by many of the interviewees, faculty and lecturers who teach in the 

P2C2 sequence as instructors of record were not pushed to change their instructional style – but 
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the GTAs are required to do so. On the one hand, this is part of helping to develop the next 

generation of faculty. On the other hand, this is possible because of GTAs’ position in the 

department, the nature of their contracts, and the relative ease with which the department chair 

and other faculty can assign GTAs in or out of the P2C2 sequence – the GTAs have no formal 

say in which courses they want to teach. 

At LSU, the department chair is a major player in the change initiative, and has 

significant power over teaching assignments which impact the enactment of the P2C2 courses 

and the enactment of the new structures. Thus he is able to make teaching assignments that work 

in favor of smooth implementation and support success. Another department chair might be in a 

position to make assignments that hinder an initiative, or do not take it into consideration. While 

the LSU change is not a top-down initiative, having the top department-level administrator on-

side has been a key part of the success seen in implementing changes. Several people also 

mentioned the pressure put on the chair and department by college- and university-level 

administrators. Again, this is pressure that can constrain or support a change initiative, but at 

LSU while these administrators offered advice and suggestions, they generally supported the 

departments’ own plans – which made them feasible. 

Chapter Summary 

In Reinholz and Apkarian’s presentation of the four frames perspective in the context of 

departmental change, they provide a table which outlines goals for the products and processes of 

change, as informed by the four different lenses of the perspective. This table is recreated in 

Table 5.4 (Reinholz & Apkarian, 2018, p. 6). Using this table as a guide, one can synthesize the 

results from the LSU mathematics department to understand the change initiative. 
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Table 5.4. Idealized descriptions of the products and process of change, as informed by the four frames approach 

(Reinholz & Apkarian, 2018, p. 6). 

 Aspects of product Aspects of process 

Structures A new thing that addresses an issue in an 

ongoing, sustainable fashion. 

Create incentives and support for 

individuals to engage in the change 

process and the new “things” 

Symbols Attitudes and beliefs that support a 

proposed change so that it is optimally 

taken up 

Use language, data, and evidence that 

align with present ways of thinking 

People Solutions that embody a shared vision that 

attends to the needs, goals, and identity of 

participants 

Afford individuals the agency to enact 

their change 

Power Leadership structures that promote equity 
by attending to the needs of diverse 

stakeholders 

Use concrete signs of success to develop 
and maintain the sanction of key 

stakeholders 

 

A set of new structures were implemented at LSU to address issues of student success in 

and beyond the P2C2 sequence, which were integrated to support each other. These structures 

are informed by results from research literature and intended to create a new system for the 

future of the LSU P2C2 program. The supervisory committees and collection of local data 

support continual monitoring, assessment, and improvement of the structural system. The 

coordination system is designed both to coordinate courses in ways that support students and in 

ways that support TAs, instructors, and others involved in the sequence. Sanction from the 

administration and department leaders incentivizes members of the department to participate in 

the initiatives.  

Shared assumptions about the lack of student preparation for and in P2C2 courses 

supported the initiation of changes because of the perceived need for improvement. However, 

beliefs about instructor independence and individual skill at instruction constrained the extent to 

which department members bought in to the proposed changes. This explicitly affected the 

ability of change agents to fully implement all aspects of the coordination system. It also affected 

the design of the initiative, with the active learning implemented through lab sessions led by 
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TAs, without asking instructors to change their teaching style. The relative value of P2C2 

courses for mathematics and non-mathematics majors also affect the implementation of major 

changes to the sequence. As the sequence is primarily viewed as a service for non-mathematics 

majors, it is not a highly sought after teaching assignment. The changes were proposed to the 

departments using language that aligned with the existing ways of thinking in the department, 

which further supported their initial instantiation. 

The original calculus task force consisted of many people in the department, and from 

engineering, which supported the development of solutions which addressed the needs and goals 

of a variety of participants in a shared way. The coordinators, who participated in the initial CTF 

and continued on to the P2C2 supervisory committee, were afforded agency to design and enact 

various pieces of the new system in ways aligned with their needs – though in consultation with 

others. One concern, as seen through the people lens of the four frames approach, is that lecturers 

were not involved in the various committees and votes. They teach many sections of P2C2 

courses and the requirements of their role give them a different perspective on students and 

instruction than their tenured and tenure-track counterparts.  

Change agents at LSU, and the department chair in particular, effectively obtained and 

have maintained sanction from those with power in the administration. By aligning their goals 

with those of the university, and participating in university committees, they were able to obtain 

funding distributions to instantiate new structures. Continuing monitoring of these structures 

(e.g., the LCMS) to communicate early wins to these administrators have maintained and even 

increased the resources allotted from within the university to sustain these structures. New 

leadership structures, in terms of the coordinators and supervisory committee, have given 

members of both the mathematics and mathematics education divisions of the department power 
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over the P2C2 sequence. However, these structures could be further diversified to attend more 

responsively to the needs of lecturers and TAs working in the P2C2 sequence. Power dynamics, 

combined with beliefs about instructional independence, influenced the decision to implement 

active learning in TA-led breakout sessions where it was more enforceable.  

The LSU change initiative was designed primarily around a set of new structures to 

support student success in and beyond the P2C2 sequence. The implementation strategy was 

designed and implemented with attention to existing structures, symbols, people, and power. 

While a careful analysis of the overall approach and goals of the structure reveals some areas 

which deserve attention, the LSU initiative was designed and implemented in ways which 

support success and sustainability. 
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Chapter 6: Emerging Instructional Leadership in a New Course Coordination System 

This chapter reports on the instantiation of a coordination system in a university 

mathematics department, and in particular the transition of three faculty members into their new 

roles as course coordinators. Course coordination, characterized by uniform course elements and 

instructor meetings, is a programmatic feature that supports student success in introductory 

mathematics courses (Rasmussen & Ellis, 2015). When courses are coordinated, the person or 

people responsible for the coordination play a critical and complex role in ensuring that all 

students experience comparable, well-designed classes – but building such a system is complex 

and has not been studied in situ. In this report, I explore one coordinator’s transition from a 

peripheral participant in discussions of teaching to a highly central figure with significant 

influence on instructors and colleagues in the department. Surveys and interviews with involved 

parties reveal nuance of this shift in leadership and shed some light on the process. 

One of the major initiatives of the change efforts at a large state university (LSU) was the 

instantiation of a course coordination system. In line with the conceptualization put forth by the 

Characteristics of Successful Programs in College Calculus (CSPCC) project, this included the 

implementation of uniform course elements as well regular instructor meetings (Rasmussen & 

Ellis, 2015). Three faculty members were selected to act as coordinators, one for each of 

Precalculus, Calculus 1, and Calculus 2 (the P2C2 course sequence). They were tasked with 

managing the uniform elements and regular meetings, working with instructors and GTAs from 

all sections of the same course. In addition, these coordinators form the core of a supervisory 

committee along with the department chair and two mathematics education researchers (one of 

whom joined after his hiring in the second year). This group also meets regularly in order to 

monitor the entire system and consult about vertical integration through the P2C2 sequence. 
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Coordinators are a critical component of any coordination system. While the specifics of 

this role vary across institutions, they always have some measure of control over the educational 

experience of students in the courses they manage. This is manifest not only in terms of 

assessment design, homework items, topic pacing, and grading guidelines, but in their potential 

to influence pedagogical practice through regular discussions about instruction. Certainly, at 

LSU each coordinator is in a position to nudge other course instructors toward particular 

instructional approaches by setting default options which privilege certain strategies (Rasmussen 

& Ellis, 2015; Thaler & Sunstein, 2009). However, the potential inherent in the coordinator 

position is not guaranteed to be realized. One might well ask whether or not this title is 

associated with true leadership or if it simply concentrates some of the logistical work of 

teaching with one person. In this chapter I consider the relative positioning of the coordinators, 

and in detail explore the major shifts in leadership position and attitudes of the Calculus 2 

coordinator, in contrast to other members of the coordination system who experienced much 

smaller shifts. The shift indicates that this coordinator is in a position of alignment between his 

formal and informal status as an instructional leader (Apkarian & Rasmussen, 2017). While this 

is a case study focused on a single individual’s shift, there are lessons to be learned from this 

work in regards to the selection, development, and enactment of coordinator roles in other 

contexts. 

Revisiting Methodology 

As with the previous two chapters, here I revisit and add detail to the methodology of this 

study as it directly relates to the results in this chapter. This begins with a description of the 

relevant collected data and main participants, followed by an account of the analysis methods 
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used to arrive at these results. In particular this includes a detailed description of the qualitative 

analysis of the coordinators’ interviews.  

Relevant Data 

For this chapter, social network data was used from the survey administered before and 

during the change initiative. This survey was distributed to all members of the mathematics and 

mathematics education divisions of the mathematics department at LSU. The data was cleaned 

and reduced as described in Chapter 4, and no additional reduction occurred.  

As explained in the first section of results within this chapter, the social network analysis 

identified the Calculus 2 coordinator as a person of interest. This chapter explores how he took 

on his role, and considers the Calculus 1 coordinator as a comparison. As such, only the 

interviews with these two coordinators were used for this chapter. The coordinators participated 

in three individual interviews each. The first was part of this study and occurred in Spring 2016 

(denoted Sp16 in citations). The second was part of the SEMINAL study and occurred early in 

Spring 2017 (Sp17_1). I was not present for the Calculus 2 coordinator’s interview, but accessed 

audio of the recording. I was present for the Calculus 1 coordinator’s interview, but the audio 

was lost and the notes were not of a quality to admit thematic analysis. The third interviews were 

directly part of this study and occurred late in Spring 2017 (Sp17_2). Audio recordings and notes 

were handled as described in previous chapters. 

Participants 

The main focus of this chapter is on the two calculus coordinators. Social network data 

was collected and analyzed using the full roster (see Chapters 3, 4), but they are not the subject 

of this analysis. The Calculus 1 coordinator has been given the pseudonym Kevin, and the 

Calculus 2 coordinator is referred to as Claudio. The coordinators were selected from tenured 
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faculty in the mathematics and mathematics education divisions of the department. Becky, who 

coordinates Precalculus and is the LCMS Director, was actively interested in coordinating 

Precalculus when no one else was. Kevin and Claudio were the only two tenured faculty who 

were willing to coordinate and consistently teach calculus courses. Claudio expressed a 

preference for Calculus 2 over Calculus 1, and since Kevin had taught more sections of Calculus 

1 than any other faculty. Some pre-tenure mathematics faculty would have been willing to 

coordinate calculus courses, but the department chair felt it would complicate their case for 

tenure and so they were assigned to upper-division courses in their specialty areas. 

Kevin, an associate professor in the mathematics and applied mathematics division of the 

department, became the Calculus 1 coordinator. He identifies as a heterosexual White man. 

Many years prior he was involved in the coordination of Precalculus and Calculus 1, and has 

regularly taught courses in the P2C2 sequence. His main area of research has been in ordinary 

differential equations though he is not research-active, and he has been at the university for 

nearly 30 years. 

Claudio, a professor in the mathematics and applied mathematics division of the 

department, became the Calculus 2 coordinator. He identifies as a heterosexual White and 

Hispanic/Latinx man and English is not his first language. His wife also works at the university 

in a STEM field. His main area of research is in nonlinear waves and dynamics, and he has been 

at the university for roughly 15 years. 

Data Analysis 

As described in Chapter 4, social network data was used to identify actors with leadership 

characteristics according using outliers defined by interquartile range (IQR) above the median in-

degree in each network (Apkarian & Rasmussen, 2017). This was complemented by checking 
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how many actors in a given network, at a given time, had in-degree more extreme than a 

particular actor. 

Interview data was first read over and coded for major topics of discussion, as described 

in Chapter 5. Of these, the main codes relevant to this chapter are coordination system, goals, 

and students. Sections tagged with each of these codes were reviewed iteratively to develop 

appropriate code clusters within each general area in a thematic analysis (Braun & Clarke, 2006).  

The coordination system tag has the subcategories of coordinated elements, which refers 

to the common syllabus, pacing, activities, and assessments of the course, and coordinator which 

refers to statements about the coordinators themselves and their roles. This chapter looks only at 

the coordinator tag, considering each coordinator’s view of their own role. It was used 1 time in 

the Calculus 1 coordinator’s interviews and 12 times in the Calculus 2 coordinator’s interviews.  

The goals tag has the subcategories of success, measures, and individual goals. Success 

refers to participants’ perception of the success of the initiatives in relation to goals; measures 

refers to ways of assessing and measuring progress toward goals; individual goals identified 

goals which participants referred to as their own personal goals, rather than overall goals of the 

initiative. In total, tags within goals were used 30 times in the Calculus 1 coordinator’s 

interviews and 60 times in the Calculus 2 coordinator’s interviews. 

The students tag was more heavily used, 73 times in the Calculus 1 coordinator’s 

interviews and 133 times in the Calculus 2 coordinator’s interviews. This subset of data was 

broad enough to require a second round of thematic analysis. This data was revisited and notes 

were made about the content of each utterance in relation to students; those notes were reviewed 

and compared to develop, remove, split, and combine codes; those codes were reviewed 

alongside the original data to develop themes; these themes were reviewed to identify patterns. 
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For the student-related data of the coordinators’ interviews, a second researcher (off-site) was 

enlisted to support the reviewing of themes. Phase 4 of Braun and Clarke’s (Braun & Clarke, 

2006) guidelines for thematic analysis involves reviewing codes for coherence, re-reading 

marked data, and coding any items missed in earlier phases of analysis. The second researcher 

participated in discussions of the methods and study, then acted as a second coder for a subset of 

the coordinator data. Conversations between the two coders about the coding scheme and data 

resulted in stronger codes and found chunks of data which had not been properly coded. The few 

disagreements (3-5 per interview) were related to specificity of parent-child codes, and the codes 

missing from each researcher’s passes did not alter the resultant themes, only the quantity of 

evidence to support those results. All discrepancies were discussed until agreement was reached, 

and these discussions were primarily about the level of evidence needed to apply a given code. 

The remaining data was then reviewed and re-coded according to these more coherent 

guidelines. Alongside this process, the codes and themes were refined and operationalized (see 

Appendix G:). For this chapter, themes were identified for each coordinator and then compared. 

Thick descriptions of the themes from each coordinator are the main results presented in the later 

sections of this chapter.  

Results 1: Social Network Analysis 

Analysis of in-degree of all members of the mathematics department indicated the 

presence of outliers with influence across the years, and in particular revealed a major shift in the 

role of the Calculus 2 coordinator from pre-assignment to the end of the second year of course 

coordination being in place, hence the focus of this chapter on his role. This shift is summarized 

in Table 6.1. The three time periods of the survey are denoted T1 (Fall 2014), T2 (Spring 2016), 

and T3 (Spring 2017) for brevity. 
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Table 6.1. In-degree analysis of non-isolates across all three time periods of survey (T1=Fall 2014, T2=Spring 2016, 

and T3=Spring 2017). The “discussion of ongoing changes” network was not tested in Fall 2014, as changes had not 

yet been initiated or concretely planned out. 

 Median 

In-degree 

IQR In-

degree 

In-

degree 

of C2 

IQR above 

median in-

degree of C2 

Actors 

with IQR 

≥ C2 

Max in-

degree 

Max IQR 

above 

median 

Advice 

T1 2 2 1 -0.5 18 5 1.5 

T2 1 2 9 4 1 9 4 

T3 1 2.5 5 1.6 1 5 1.6 

Materials 

T1 2 1 2 0 9 4 2 

T2 1 2 3 1 3 4 1 

T3 1 1.75 4 1.7 0 4 1.7 

Teaching 

Discussion 

T1 2 4 2 0 20 8 1.5 

T2 3 3 8 1.3 3 11 2.7 

T3 2 4 12 2.5 1 14 3 

Friend-

ship 

T1 2 2 3 0.5 6 6 2 

T2 1 1 6 5 0 6 5 

T3 2 2 3 0.25 5 4 0.5 

Influence 

T1 1 0 1 0 14 6 ø 

T2 1 1.75 4 1.7 2 7 3.4 

T3 1 1 4 3 1 5 4 

Change 

Discussion 

        

T2 3.5 4 11 1.9 2 16 3.1 

T3 2 4.75 8 1.3 6 14 2.5 

 

Looking at the Calculus 2 coordinator’s in-degree in each network across the three terms, 

we see notable changes occurring. In T1, prior to being positioned as a coordinator, his in-degree 

hovers right around the median, never more than half an IQR above or below. In T2, he received 

significantly more nominations than his peers in several networks, most clearly in the advice and 

friendship networks, where the in-degree values are 4 and 5 IQRs above the median, 

respectively. In T2, his in-degree also meets the common standard of outlier (1.5 IQR above the 

mean) in the influence and discussion of change network, and is close (1.3 IQR above the mean) 

in the discussion of teaching network. While not an extreme outlier in being sought out for 

instructional materials (only 1 IQR above the mean), only 3 actors in the network were sought 
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out more. In T3, the extremity of his position is less severe, but branches across more networks. 

The only network where he drops into the “normal” range is the friendship network, and in T3 no 

actors were more than 1 IQR away from the median in that network. In the discussion of change 

network, his in-degree is 1.3 IQR above the median, equaled by four other members of the 

department and exceeded by only two. In the remaining four networks, he is more than 1.5 IQR 

above the median, with only one department member ever having a higher number of 

nominations. 

In looking at the overall distribution of actors’ in-degree across T1, T2, and T3, it can be 

seen that median in-degree did not shift much. Neither are there major shifts in IQR, so that the 

“normal” levels of interaction remained somewhat static over time. However, the upper 25% of 

the networks is more spread out in T2, resulting in the more severe extremes. In T1 and T3, this 

group is more condensed. Despite this accordion effect, we see that the Calculus 2 coordinator 

moved quickly to the very top of the department in terms of number of nominations, and stayed 

there after the contraction. 

As described in Chapter 4, the other course coordinators did not experience much change 

in their leadership status with regards to instruction over the same time period. The Precalculus 

coordinator appeared in all three years as having some indicators of leadership, but never as 

extreme as the Calculus 2 coordinator’s final position. The Calculus 1 coordinator did not appear 

as a leader in any of the survey terms, and his relative rank among the community did not shift 

much either. 

Focusing on the relational aspect of leadership, which highlights the fact that leadership 

is dependent on others “following” the leader, these results point to the Calculus 2 coordinator as 

a department member who rose to a leadership position, in regards to instruction of lower-
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division undergraduate courses, over the course of the change initiative. In particular, he rose to 

this leadership position following his appointment as course coordinator for Calculus 2. This 

begs the questions of why and how this happened. As explored elsewhere, the title of course 

coordinator does not automatically bestow informal leadership and influence upon its holder 

(Apkarian & Rasmussen, 2017), but in this case that potential was realized. 

Results 2: (Self-)Portrait of a Coordinator 

Qualitative analysis of repeated interviews with the Calculus 2 coordinator, supplemented 

with meeting observations and email correspondence, shows that the coordinator changed over 

the course of the change process alongside the changes in his perception by others. I next 

consider his perceptions (and changes in perception) of his role as coordinator, teaching, 

students, and the goals of the coordination system and change initiative. 

View of Self 

The Calculus 2 coordinator was repeatedly interviewed about all of the ongoing changes, 

and in particular his own role as coordinator. His description of his main purpose as a 

coordinator shifted somewhat over time, but he maintained the perception that part of his 

purpose was to control and enforce homogeneity of course content, assessments, and grading 

standards across instructors. He repeatedly used militaristic metaphors, referring to himself as a 

“sergeant” fighting a “war,” but doing so while “in the trenches” (i.e., while also an instructor of 

the course) in order understand what was going on “on the ground” and make appropriate 

decisions about implementation. These metaphors were repeated, with little variation, in all three 

interview episodes. In all cases, he describes himself as a “higher power that is overseeing [the 

system],” both creating and enforcing standards across course sections.  
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Over the course of this study, however, his interactions with and views of his fellow 

Calculus 2 instructors changed. In the first term of changes (before the first interview), he did not 

make efforts to elicit feedback from the other instructors and did not discuss differences in 

coverage or approach. This had been raised as an issue, and he acknowledged this in the first 

interview, saying “Last semester I was not meeting with instructors, I was emailing the 

instructors and I realized that that wasn't working that well. So that's why this semester I'm 

meeting with them physically […] every week to coordinate what we are doing.” However, in 

that term, he spoke of these meetings as “a plan so the instructor will convey everything that I 

have in mind” and as a means to ensure that students did not use the fact that they were not in the 

coordinator’s course as “an excuse for how they are doing.” At the end of the second year, 

however, he was more open to collaborating with his fellow instructors. He began asking the 

instructors to suggest items for the exams before creating a first draft, and then seriously 

considering their feedback on further drafts. This extended also to conversations about pacing, so 

that “now instructors, be them lecturers or faculty, they have input on what we're really covering 

but in the end we basically do a – there is a consensus.”  

This loosening of control also extends to the lab activities, which were transferred 

primarily to a lead GTA. However, this is not a sign of devolution of responsibility, as the 

coordinator indicated that this situation was a result of people beginning to understand his 

system. He indicated this in his final interview, saying “it's not a novelty for me anymore” and 

that, by that point, people just need to “follow the instructions – everything is now coordinated, 

so it's much easier.” Another factor contributing to his loosened grip in the second year was the 

inclusion, for the first time since the beginning of the changes, of a full professor in the Calculus 

2 instructor pool as opposed to only lecturers. This led to “some frictions” and he reported that 
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he “had to compromise some of the material” on exams to accommodate the professor’s pace 

and opinions about the subject. He noted that “I just had myself for the first time [to] mold a little 

bit more what I was doing because I had more feedback from the professor.” 

Also unchanged were Claudio’s perception of the personal characteristics which are 

important to his role, saying that he is “a person that is very energetic […] if you ask me to do 

something I’ll do it and I’ll do 120%” and that this was needed. Initially he spoke of this energy 

as necessary to develop a coordination system and implement uniform course elements and 

provided it as one of the main reasons he was selected to coordinate one of the courses. In the 

second year of changes, he referred again to himself as “very involved” and “passionate” about 

the goals of the change initiatives, adding that he is “enjoying improving the system.” A subtle 

shift occurred in these exchanges, where initially he presented his toughness as the means to get 

everyone in line – both students and fellow instructors – and later focused more on his passion 

and drive as supporting the initiatives by continuing to push forward while developing a 

sustainable system, following the model he is establishing.  

I do it because I think that we're going towards a goal of improving the students 

and after all I'm not here just to do research of my own. It’s, if I just give 

something to the next generation that's the next generation, it's [going to] take 

over, what we're doing right now, so it's my contribution towards next generation. 

[Now] everything is basically set. I have templates, I even have templates of the 

emails that I've sent to my TAs every week on what they should cover so it's it, 

now it's much easier to do things because I'm actually recording everything that I 

do. 

The Calculus 2 coordinator is forceful in his self-description as “tough” and “badass,” a 

“policeman” who is ensuring comparable experiences and standards across sections. He 

explicitly notes this reputation in the first interview, saying: 

The students know that there is a tough ass SOB coordinator that is just trying to 

make their lives miserable because they have extremely high standards and that 

might not be true but I like that they think that way. (Sp16) 
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In his final interview, the same general message is present:  

I'm okay if I'm the bad guy, there should be a bad guy, there should be kind of a 

higher power that is overseeing, so students know that we're in business. No 

cheating, no slacking, so not only the homogenization but all that through a 

culture where the students themselves hear from all the students that we're in 

business: they have to study, they have to work, they're not slacking anymore. 

While the Calculus 2 coordinator appears to be proud of his “tough” reputation, he noted 

without judgement that the other coordinators’ approaches were less intense, saying in his last 

interview: 

Maybe a good contrast – so at my role as a coordinator as I see from other 

coordinators that I'm acting a bit more hands-on or, or more dictatorial maybe. 

[…] So the coordination is been the same as before so the previous interview the 

people, things that we actually, is basically the same, just I have come to realize 

that I'm a little bit more hands-on than other coordinators so. For bad [or] for 

good, but that's the way it is. 

View of P2C2 Students 

In all three interviews with Claudio, students were a topic of conversation. As 

coordinator of Calculus 2, he was most focused on students currently in that course, but 

commented and reflected on students entering and enrolled in the whole P2C2 sequence.  

The segments of Claudio’s interviews which related to P2C2 students (as opposed to 

GTAs) fell into four major categories within the student tag: (1) Perception of program; (2) 

perception of students; (3) students’ perceptions; and (4) instructors’ activities. Note that in all 

cases these are from Claudio’s perspective and are all related to students in some way – while 

instructor activities were discussed at some length, here I consider only those segments in which 

Claudio related those activities in some way to P2C2 students.  
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Table 6.2. Student code incidence matrix for Claudio's three interviews. 
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Sp16 2 4 3 3 4 18 1 5 3 2 7 4 3 1 

Sp17_1 1 4 7 4 1 9 1 0 1 0 1 5 4 1 

Sp17_2 4 2 1 1 1 12 3 0 4 1 2 0 2 1 

Total 7 10 11 8 6 39 5 5 8 3 10 9 9 3 

 

From this table, it is clear that most of Claudio’s mentions of students were wrapped up 

in his perceptions of them. Across the three interviews, 69 segments were coded as “perceptions 

of students,” 31 as “instructor activities,” 17 as “perception of program” and 16 as “students’ 

perceptions.” Unpacking these codes further, and looking through the actual quotes, we can build 

a thick description of Claudio’s conception of students and their situation in the P2C2 sequence. 

Perception of program. Claudio spoke with some frequency about the overall P2C2 

program in relation to students. One of the themes within this was a focus on the culture of the 

program, as in the following quote from his final interview:  

The other is that we have created a culture and I truly believe from seeing the 

students’ progressions through these past few semesters there is a culture the 

students know that there is no bullshitting anymore. I mean you cannot pass if you 

don't work. There are strict standards. The professor is not just gonna do a huge 

curving because there is this badass coordinator and the students that are not my 

students they actually know me because people start talking and they know that 

there is this higher figure […] No cheating, no slacking, so not only the 

homogenization but all that through a culture where the students themselves hear 

from all the students that we're in business they have to study, they have to work 

they're not slacking anymore. So I think that's, that's kind of the – the major 

achievement, of having a coordination and if we did not have a kind of a close 

coordination and a tough attitude this culture will not have been created. (Sp17_2) 
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This was a recurring description of the “culture” of the P2C2 program, as it relates to student, 

instructor, and coordinator expectations, attitudes, and behavior. In the first interview he spoke 

of a desire to create an atmosphere wherein students expect to work hard in order to succeed and 

instructors hold students accountable for that hard work. In the Spring 2017 interviews, he 

speaks primarily about the success of that effort – particularly in Calculus 2. The other major 

theme within Claudio’s discussion of the P2C2 program in general was about its purpose. This 

topic was full of language about service and customers, for example (emphasis added): 

We met many times we met with our customers our customers are the other 

disciplines that use calculus. Engineers for example. (Sp16) 

Well we are a service department and this course is mainly a service for others 

(Sp16) 

We met for at least one semester a small group of us brainstorming on how we 

were gonna implement all this, what we were gonna do and from that meeting we 

also had people from our biggest customers that are engineers. (Sp17_1) 

But if a majority of our customers are applied scientists they don't really need 

convergence of series and things of that sort. (Sp17_2) 

The customers to whom he refers are both students in applied majors (primarily engineering, 

which accounts for roughly 75% of P2C2 students) and faculty in other STEM departments. 

When discussing this “customer service,” Claudio was not only speaking of filling a need by 

offering a course with a particular name, but about helping students develop knowledge that will 

support success in their further courses – be that Calculus 3 or courses in other disciplines. While 

the majority of his discussion of the purpose of Calculus 2 (and P2C2 more generally) related to 

supporting students, he made some comments that evoked a “weed-out” mentality. The most 

clear example comes from his first interview, when discussing why it is important to have 

coordinated standards for a passing grade (emphasis added): 

Clearly the students that were below the border, not so far away, but below the 

border that I define as the border for minimum requirements to pass, are clearly 

not prepared for calc three. So it's good that we have a coordinator because we are 
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trying to sift those students. We make them a disservice if they go to calc three 

and fail calc three. Because they're going to fail anyway calc three, right. It's 

better that they fail calc two they retake calc two because it's a basics course that 

they get the basics and they actually do this better when they they fail they get the 

material they get their act together and now they can do better in calc three. 

Despite the deficit language present in this quote, his presentation of the need for “sifting” is 

related to serving the needs of students – in terms of not allowing them to continue onto another 

course if they do not have the adequate preparation. 

Instructor activities. Instructors, of course, are critical pieces of the P2C2 program. 

Some of Claudio’s discussion of students related strongly to instructors’ activities, roles, and 

responsibilities within the P2C2 sequence. The themes here are distinct from a mere job 

description, as they are all tied in some way to students – as opposed to outlining responsibilities 

to the coordinator or department. Three subthemes were identified within this topic: (a) 

presentation of material; (b) instructors’ duty; and (c) communication. Presentation of material 

refers to the ways in which the instructors present both mathematical content and the overall 

P2C2 program. Instructors’ duty refers to what is identified as part of their duty to the students or 

as the face of the P2C2 program that students interact with. Communication here refers to the 

means by which Claudio, and other instructors, uncover information about students beyond 

curricular assessments. 

As the Calculus 2 coordinator, Claudio’s decisions about how to present material to 

students affect students in every course section, not only his own. His belief that the primary 

purpose of P2C2 courses is as a service to other disciplines seems to greatly affect Claudio’s 

decisions about how to present material to students – with a heavy emphasis on applications. 

This emphasis on applications is clearly tied to his beliefs about what students need in upper 

division STEM courses, but also to his beliefs about what will interest non-math STEM majors 
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and what they are capable of at this point in their studies. Much of this conversation centered on 

his selection of tasks for the new active learning labs. In his words: 

So I'm trying to bring into these activities some kind of physics, some related 

problems to real life. So I don't know, I have to cover a certain Topic A and then 

just brainstorming on my own just with my pillow, I talk to my pillow what 

should I do and then think, think, think, think, I browse the internet as well just to 

get ideas. […] Then once I have kind of a physical problem because the whole 

thing is about the physical problem that has to be solved. Then I say okay what is 

the best way to approach it, what is the best way that I can present it to the 

students? What is the best way that they will be they will read it and it will kind of 

spark their interest […] It has to be practical but it has to be feasible, I cannot give 

something completely impossible to students that won't be able to solve it. (Sp16). 

Various elements of this quote were repeated across the interviews, as Claudio continually 

emphasized that these labs need to be applied, need to interest the students, and need to be 

doable in the active learning lab setting. He also noted that he himself talks to students in his 

lectures about applications consistently: 

I always start a class when I just teach a formal class [with] reviewing where we 

are in a larger context in mathematics it's important because otherwise they might 

get lost and also remind them every single class of why we are doing what we are 

doing in terms of a physical application, chemistry application, or engineering 

application. Never to lose perspective that this is not dry math. We're doing this 

because there is a reason and even for the dry stuff. Like infinite series that they 

get all hung up with. I hammer them all the time, remember what you're gonna be 

doing some engineering later you will be using this series to chop up the system 

into smaller pieces and be able to see how bridges vibrate how heat it's diffused 

through media all this stuff so bear with me bear with me, this is gonna lead to 

something that is applicable. So still I give you that kind of sense that the material 

is there because for a reason not just because I'm a math guy and I need them to 

go through the hoops and do triple jumps and flips to get a C in the class. That's 

not what I'm there for. (Sp16).  

And expends energy in class to help make the class fun: 

I have a lot of fun teaching calculus and I make jokes and I just jump around. […] 

And I don't know, pretty more I have more fun teaching the undergrads […] in 

terms of just fun and jokes and being have a good rapport with students I just 

enjoy teaching these calculus. Until I get sick of it at some point but right now I'm 

still having fun. Still planning the jokes for the next semester. (Sp17) 
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As the course coordinator, Claudio is primarily responsible for the design of the lab 

activities, though it is the GTAs who present those activities and teach that portion of the course. 

When he meets with the GTAs and meets (or emails) the other instructors teaching Calculus 2, 

he makes recommendations and pleas for how to present material, though pedagogy is not 

prescribed. The area where he is most firm is in relation to “PR,” or the way in which instructors 

and GTAs represent the material, the course, and the coordination system itself.  

So I meet with all the TAs once a week for one hour to go over the material that 

they should be presenting that week, basically the activity, because it's not just 

about giving the activity to students and just letting them roam free. There are 

certain, certain cues, certain things that the TAs must do in order to make the 

material more interesting or to prompt the students to go in a certain direction and 

basically collapse all the students together at several instances during the 50 

minutes lecture so everybody's on board and basically - so the whole activity. 

(Sp16) 

And sometimes by the way about the activities, I tell my TAs it's extremely 

important to do PR because if you just present the material okay there is a 

telescope that has this piece, please compute the area. No the TA the person 

presenting this has to kind of, this is let's do something big, let's do something 

great, let's do something interesting. (Sp16) 

His push for PR was reduced in the later interviews. In the final interview, when asked about the 

PR campaign he said, “I tend to do a little pitch for the for the labs, maybe not as much as before 

because things are running well” (Sp17_2). This was related to his view that the P2C2 culture 

had evolved so that students are “bred in the system of active learning and higher standards” 

(Sp17_1) throughout the P2C2 sequence, so there is less need to explicitly address expectations. 

As can be seen in Table 6.2, the number of segments coded as presentation of material drops 

sharply across the two years of this study. 

Another aspect of instructor activities that Claudio spoke about was instructors’ duty as 

part of the P2C2 program. In general this does not refer to job requirements, but rather to more 

informal expectations of what instructors should do and why. This included some discussion of 
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his own duty, which goes somewhat beyond that of other instructors’ because of his role as 

coordinator. He spoke of a need for instructors to be “energetic people, people that are really 

committed towards student learning” (Sp16) and that they “have to have kind of a passion doing 

it” (Sp17_1). He also talked about a “friendly fight” between himself and another instructor to 

have their students score the best on the common exams, indicating that part of the instructors’ 

duty is to improve and increase their students’ success. But he makes it very clear that this is not 

to be done by artificially increasing the passing rate via curving. Part of his goal with the 

coordination system is to ensure common grading schemes, so that 

We know that as students getting a 73.5% in one instructor is absolutely 

equivalent to a 73.5% with another instructor. Irrespective of how we do the 

curving in the end. This is important because if we want homogeneity and we 

want to raise the level, we cannot have one instructor just to unilaterally say this 

student with this background should pass and that student in my class for example 

will by no means would have passed. (Sp16)  

His view of instructors’ duty to adhere to common standards was tested when, over the course of 

the two years of this study, a few instructors rejected his common standards and used their own 

grading schemes. Claudio’s discussion of these incidents included not only the details of the 

situation, but made clear how he felt that this amounted to dereliction of duty. As is often the 

case, this breach of expectations made it clear what the norms were (Cobb & Yackel, 1996; 

Yackel & Cobb, 1996). In one case, a student who had a grade 30-40 percentage points below 

Claudio’s recommended cutoff passed with a C – which Claudio referred to as “appalling” and 

an “abomination” (Sp17_1). In explaining why it is so problematic for instructors reject his 

grading recommendations, he noted that an instructor passed a group of students Claudio felt 

were “absolutely ill-prepared” (Sp16), and in fact he reported that roughly ¾ of that group failed 

their next math course, with the others obtaining grades in the C range. He spoke of this as the 

instructors doing a “disservice” (Sp16) to student by passing them if they are not prepared to 
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succeed in the next course, and of it being “unfair for students are performing worse with one 

professor to just pump them up and curve them in more because those students know less in 

some sense” (Sp17_2). Thus, it appears that Claudio believes that P2C2 instructors have a duty 

to students to enforce grading standards in order to support their success in future courses. 

In speaking of his own feelings of duty to students, he said, “after all I'm not here just to 

do research of my own” and spoke of wanting to “give something to the next generation” 

(Sp17_1) in addition to the other expectations he gave for other instructors. He also spoke about 

his desire to be “in the trenches” (Sp16, Sp17_1) and working closely enough with the students 

and course to understand the needs of the students, as well as the other instructors.  

This need to be in the trenches, teaching a large section of Calculus 2, was also part of the 

data coded as related to communication, how he and other instructors know what is going on 

with each other and with the students. Weekly meetings with the GTAs, weekly communication 

(meetings and/or emails) with the other Calculus 2 instructors, frequent meetings with the other 

coordinators, occasional check-ins with instructors of the next mathematics courses, and office 

hours were all mentioned by Claudio as part of the system through which he learns what students 

are doing, how they are doing in their courses, and what possible tweaks or changes are needed. 

Students’ perceptions. From his communication with students and GTAs, Claudio 

developed a sense of how students view their experience in Calculus 2 and the P2C2 program 

more generally. In his first interview, when the coordination system had just been implemented, 

he spoke at some length about students’ attitudes and perceptions of the coordination system 

itself, but did not do so again. Across all three interviews he spoke of his understanding of 

students’ perceptions of their P2C2 courses. 
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With regards to coordination, in Spring 2016 Claudio spoke about students’ frustration 

and mistrust of the unfamiliar system. In particular, he noted that students in other sections 

worried that they might be at a disadvantage because the course material (and in particular 

assessments) were designed by the coordinator and not their instructor. In particular he noted that 

some students felt they were “unfairly treated because we're setting the bar too high by 

somebody that they don't know” (Sp16). He also believed that the students in other sections saw 

him as “a tough ass SOB coordinator that is just trying to make their lives miserable because 

they have extremely high standards” (Sp16). In that interview he spoke about the need for the 

instructors to work more closely together in order to present a more united front and avoid the 

perception that he makes unilateral decisions. While not about students, I note that in the first 

semester Claudio did make several unilateral decisions without consulting the other instructors, 

so this perception was not unwarranted. He spoke both about improving the presentation of unity 

to students and actually working more together. By the Spring semester of 2016, and continuing 

into the following year, the increased communication and coordination between instructors 

seems to have reduced students’ concerns about the coordination system, though Claudio 

maintained his “tough-guy” persona as an enforcer of rules related to prerequisites and cheating. 

Across all three interviews, Claudio talked about students’ perceptions and attitudes 

toward their course. Much of this centered around students’ understanding of the purpose of the 

new lab activity sessions. In Spring 2016, he noted that students did not appreciate the value of 

the applications being used in those sessions, saying, “they don't like at all the activities. They 

say it's a waste of time, [that] they should be actually doing problems, activity is problems. They 

don't realize they are doing problems” (Sp16). He cited this feedback as part of the reason for his 

PR campaign, urging the instructors and GTAs to emphasize the utility and value of those 
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sessions. He also worked to ensure that material from the activities was represented on exams, 

and that this was communicated to the students. This campaign, in his eyes, was successful 

because, in Spring 2017, he reported that: 

It seems that students now know why the labs are there. They know that the labs 

are related to material that we are looking in class, the labs are related to the 

material in the midterms – actually in many of my labs I have a little phrase that 

says a little birdy told me that this question’s gonna be in the midterm. So they 

actually relate from the labs to actually material that [they] are gonna be tested on. 

(Sp17_1) 

And, 

One of the things that I have noticed with this image is that I have heard lately 

zero complaints about the labs. Usually at the beginning, in the first semester that 

we're try this, I heard about students why I would on – the labs are not connected 

their blah-blah-blah-blah-blah. I don't hear that anymore, and I actually asked my 

TAs and they have the same feeling that students have less complaints. (Sp17_2) 

He also noted that over the two years of this study, students’ general attitudes toward the 

course seemed to have improved, though he was curious about how true this perception was. He 

observed that the changes, which he believes created the new culture of hard work, have also 

“create[d] good study habits, good attitude towards taking the class” (Sp17_2). He also 

suggested adding to student exit surveys items to better understand “how [students] perceive 

calculus, I would love to see that there is indeed a more positive perception of calculus now that 

we have the coordination” (Sp17_2). 

In addition to these main themes of student perceptions of their courses and the 

coordination system, Claudio noted that previously students were aware that particular 

instructors were “easier” than others (in this case, more likely to curve), and that students 

struggled with aspects of mathematics that are not obviously applied to non-mathematical 

settings. 
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Perceptions of students. The majority (69) of student-related codes in Claudio’s 

interviews were about his perceptions of students. These fell into four categories: (a) students’ 

majors; (b) students’ in-class behavior; (c) students’ out-of-class behavior; and (d) student 

outcomes. At least once per interview, Claudio noted that the majority of students in P2C2 

courses and Calculus 2 in particular were applied science majors – primarily engineers, but also 

physics and chemistry. In-class behavior relates to his perceptions of what students do in class, 

and how they act; out-of-class behavior relates to his perceptions of what students do outside of 

class – including study habits and work ethic. The largest of these subcategories (39) was student 

outcomes, including learning outcomes, performance on assessments, and passing rates in 

Calculus 2 and further courses. 

Some of Claudio’s mentions of students’ majors were matter-of-fact statements about the 

makeup of P2C2 courses, saying “there are few math people taking calculus because the bulk are 

other STEM majors” (Sp16) and “70 to 80% of our students are engineers” (Sp17_1). Most, 

however, were tied to his thinking about the presentation of material and/or the purpose of the 

P2C2 program as a whole. For example: 

I have mostly STEM majors so they should kind of it should kind of, some of 

these problems should resonate with their background. (Sp16) 

[I] remind them every single class of why we are doing what we are doing in 

terms of a physical application, chemistry application, or engineering application. 

[…] Like infinite series that they get all hung up with. I hammer them all the time, 

remember what you're gonna be doing some engineering later you will be using 

this series to chop up the system into smaller pieces and be able to see how 

bridges vibrate how heat it's diffused through media all this stuff so bear with me 

bear with me, this is gonna lead to something that is applicable. (Sp16) 

[We] designed a survey to ask to the engineers what is the preparation level of the 

students with respect to calculus – what are they missing, general feedback about 

what their students need in terms of calculus, so we can do some better service to 

the students because a large proportion of our students are in engineering. (Sp16) 
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Series it's the hardest topics for students is the one that has the least amount of 

application the least amount of connection whether what they're gonna do in there 

with their lives I'm thinking of them as sixty something percent being engineers 

so they, they might be something to think about – the series material. Maybe not 

dropping it completely but completely revamping it and then just concentrating 

more on the applications or something. At the detriment of some hardcore 

scientists that do need series for something else. But if a majority of our 

customers are applied scientists they don't really need convergence of series and 

things of that sort. (Sp17_2) 

These quotes, the entirety of the segments coded as related to students’ majors indicate that 

Claudio’s understanding of who his students are, in terms of their intended majors, affect his 

decision making processes as the Calculus 2 coordinator. In particular, he considers shaping the 

course in order to meet the needs and interests of the students he has, rather than purely adhering 

to a mathematician’s idea of what content a second calculus course should contain. 

The majority of Claudio’s mentions of students’ in-class behavior relate to active 

learning, particularly with regards to the activity sessions. Some of this was related to his 

expectations, noting that in those labs “we encourage students to talk to each other and solve 

problems together” (Sp16) and “students do the work, they talk to each other so that they 

actually get into experiencing math [in] a self-discovery scenario” (Sp17_1). In addition he 

spoke about the value of that kind of in-class communication, saying “we believe this is pretty 

important for the students because if they discover it themselves it's better than someone 

teaching it to them” (Sp16). It is worth noting that Claudio takes ownership of the active learning 

in this quote, using we as the subject, as opposed to ascribing the shift to a mandate issued from 

the professional societies (CBMS, 2016; Saxe & Braddy, 2015). He also spoke about the reality 

of those labs, which initially met with some resistance from students. Early complaints he heard 

from students included the fact that not everyone in the groups was sharing in the work or 

participating in the activities, and that the GTAs were needed for keeping the students on track to 

complete open-ended tasks in a 50-minute breakout session. During the second year of 
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implementation, however, students seemed to be more on board and reported “better dynamics, 

of students actually doing stuff. All of [the students] are working, most of [the students] are 

working” (Sp17_1).  

Claudio also commented on a perception of general improvement with regards to 

students’ in-class behavior, noting that: 

We have not had cheating for the past two semesters or very, very minimal, 

students seem to be going to the labs, absence rates are pretty low […] So 

students know we're in business. And that just creates good study habits, good 

attitude towards taking the class. (Sp17_2) 

His perception of students’ in-class behavior was also relevant when he talked about his own 

pedagogical choices, in particular his decision to not use active learning strategies in his large 

lecture period. He put it very bluntly as “I don't know how to run an active learning session” 

(Sp17_1). Expanding on that thought, he noted that he had tried utilizing think-pair-share 

strategies but could not continue because “I feel like I lose the students. They start chatting, 

chatting, chatting and there’s a lot of noise” (Sp17_1). This lack of control seemed to bother him, 

as he could not be sure what students were talking about and was not sure it was productive – in 

contrast to his comments about the value of the discovery-based learning strategies employed in 

the (smaller) activity sessions. He went to observe an instructor who regularly utilized active 

learning strategies, which he reflected on in Spring 2017: 

[The instructor] covered very little material because there's a lot of time involved 

into asking and letting them do but students are supposed to do something at 

home. But there is something that's telling me that's students are home and don't 

do what you tell them to do. In an ideal scenario a little bit of this inverted stuff. 

Okay they go home you tell them what to study and then in class you do the 

exercise. Would be ideal but I don't know how much the students actually do at 

home so that's why I'm very reluctant to use time in the classroom for a lot of this 

internal discussion with the students rather than me giving them the in quotes ‘the 

right way’ of looking at the problem. So that's my resistance. (Sp17_1). 
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This quote shows Claudio’s thoughts about students’ behavior in class as well as outside the 

classroom. He consistently indicated that students would not do what they should do outside of 

class without some measure of accountability, because “humans are lazy by nature” (Sp16). This 

is evident in his disbelief that students would prepare for class, as seen above, as well as the way 

he “devise[d] a way to have a compromise between a[n] online homework and a written 

homework,” which involved handing in written work for the online assignments for a “genuine 

attempt” grade, so that “we’re ensuring, or we’re pushing our students to actually write 

something and do mathematics on pen and paper without just relying on guess and checking or 

copying from Wolfram Alpha” (Sp17_1). His interest in pushing students to work on 

mathematics regularly was present from the beginning of this study, where he noted that the new 

system forced students to “be thinking mathematics at least twice a week and it's important and 

we have quizzes so sometimes even three times a week so it's this constant pushing, pushing, 

pushing. So students feel overwhelmed, obviously, many of them they are not used to work” 

(Sp16). The “twice a week” is in reference to the homework and the activity session – and again 

it is interesting to note that he considers the active learning sessions to be a time where students 

do mathematics, but not his lectures. 

As noted, the majority of Claudio’s perceptions of students were bound up in statements 

related to student outcomes. The majority of these statements were about the new equivalence of 

outcome measures that came along with the new coordination system – primarily in regards to 

the common exams but also activities, homework, attendance policies, and so on. Claudio was 

somewhat fixated on the idea of having common measures for student success, both within and 

across terms. Within terms, he was focused on “ensuring that a C student in section A, a C 

student is section B, a C student in section C, they're all students that know the same or pretty 
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much the same amount of material” (Sp17_1). This was valuable to him both to ensure sufficient 

preparation to continue on to further courses, as well as to identify “which instructors are doing 

not a good job” (Sp16). Across terms, he attempted to make the midterms and finals “pretty 

much equivalent in length and in depth across semesters” so as to have “a easy number to look 

at” (Sp16) when assessing the impact of continuing changes. 

Claudio also spent ample time discussing the change in student outcomes related to the 

new initiatives, primarily related to scores on common exams. He noted that “the first time we 

did this last semester, the grades were really bad” (Sp16), and acknowledged some 

implementation issues and a lack of clear communication about the content of the exam. But he 

also reported that in the second term of implementation, with better preparation, there had been 

an increase in the number of passing scores on the midterms. By Spring 2017, he felt he had 

enough terms of consistent exam data to declare that they had “gotten good results” and “all the 

grades are going up” (Sp17_1). He also pointed to improving pass rates for Calculus 2, declaring 

that “through the semesters we have had an increase every semester of the DFW rate, that is, 

going down like five to six to seven percent per semester” (Sp17_1), and “we went from high 

40s to low 30s in terms of DFW” (Sp17_2). These two statements do not quite mesh, because in 

the intervening period exam scores came back somewhat lower than he expected – in fact 

instructors across the P2C2 sequence and even those in Calculus 3 reported to Claudio that 

student performance was down during the Spring 2017 semester. Aside from passing rates, 

Claudio measured students’ outcomes and performance with a variety of metrics and saw 

consistent improvement until the end of the Spring 2017 term: “the curve that was going up up in 

all respects: absenteeism, grades, passing, whatever everything, labs, homework was going up, 

up, up, and this is the first time I see a little bit going down” (Sp17_2). When asked for an 
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explanation, Claudio suggested a variety of possibilities, including the sociopolitical climate 

induced by the January 2017 inauguration and the possibility of a saturation point. 

Though Claudio did passing rates and DFW rates in his discussion of student success, 

these did not appear to be his primary focus when thinking about student outcomes. He himself 

explained that he is invested in student success, “and success is not just giving them A’s. I mean 

success in terms of knowledge” (Sp17_1). This statement is supported by his consistent 

explanations of the goals and realities of student outcomes in terms of: 

[We] designed a survey to ask to the engineers what is the preparation level of the 

students with respect to calculus what are they missing, general feedback about 

what their students need in terms of calculus so we can do some better service to 

the students (Sp16) 

You wanna have good people at the 3[00 or] 500 level classes, well they need to 

know calculus first. So I think everybody understands the importance of ironing 

out a very good basic level of calc and precalc to be able to go forward. (Sp16) 

[Success is] basically knowing that these guys can go to their physics to their 

engineering and they can do things. (Sp16) 

So this is related to the measures is how well they're doing in calc 3. Are our calc 

3 instructors now feeling that they can cover better, they can cover more. Our 

students are more equipped to learn the material. (Sp16) 

I do really want to have these concept of homogeneity and a student passing we 

know that it passes because that student's prepared for the for the rest. (Sp17_2) 

These quotes speak to Claudio’s view of student outcomes as more than just earning a passing 

grade in a single course. Instead, he considers broader preparation for future courses – both in 

mathematics and disciplinary courses. 

Summary of view of students. When looking for patterns across interviews, it can be 

seen that the number of segments coded as related to students decreased across the three 

interviews – from 60 to 39 to 34. This overall decrease can in part be attributed to differences 

between interview protocols and the goals of each interview. The first interview of Spring 2017 

was part of the SEMINAL project and the second interview of Spring 2017 was a follow-up to 
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the Spring 2016 interview; both were focused on structural changes and evolution. However, 

there is enough dialogue related to students to look for shifts in the themes from Claudio’s 

speech. For example, a shift from wanting to develop a culture of hard work to being excited that 

it existed; from mounting a major PR campaign to ensure students understand the system to a 

reduced effort to simply maintaining existing expectations. During the first year, Claudio was 

developing the lab activities, but later simply maintained and tweaked them – this is evident in 

the number of coded segments related to the presentation of material in the first interview, which 

dropped off in the second year.  

From Claudio’s interviews, it is clear that he thinks extensively about students’ needs in 

relation to the P2C2 program. He sees the program as a service for applied scientists (particularly 

engineers), the purpose being to prepare students to continue their studies. He sees the role of the 

instructors (including himself and the GTAs) as presenting a united front and sparking students’ 

interest in mathematics by promoting its utility. He also feels that instructors have a duty to 

closely monitor students and support them, but to never let their concerns about passing rates 

cloud their decisions about whether or not a student is actually prepared to take their next course. 

From talking to his own students, to GTAs, to other instructors, and from monitoring students’ 

assessment scores at a fine-grain level he has developed certain perceptions about students and 

about students’ perceptions of P2C2 courses and the program. He primarily sees students in 

terms of their majors (mainly engineers) and interests (applications), their behavior in and out of 

class, and their academic outcomes. Over the time of this study, he saw behavioral changes that 

he attributed to the development of a P2C2 culture. 

View of the Change Initiative 
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In order to contextualize Claudio’s position in the department, and how it shifted during 

the change effort, it is important to explore his understanding of the change initiative as a whole. 

Here I explore how Claudio perceived the overall goals of the initiative and its relative successes. 

The overarching mission of the change initiative, according to Claudio, was “to 

implement some changes in the calculus sequence” in order to “improve things at [LSU]” 

(Sp16). He pointed to a variety of structural changes being implemented, including increasing 

the number of contact hours of the P2C2 courses (Sp17_1), implementing uniform course 

elements (Sp16, Sp17_1, Sp17_2), and incorporating active learning into (at least) recitation 

sections (Sp16, Sp17_1). More importantly, he pointed to the underlying goals of the initiative, 

which these structural changes were intended to impact. These were primarily centered around 

improving student engagement with mathematics and preparation for future courses. While he 

noted the institutional concerns with a low passing rate, and that it would be nice to increase that 

rate, he made it clear that artificially inflating the rate via curves or lowering standards was 

unacceptable to him. It is worth noting that Claudio spoke of all of these goals in the first person 

(singular and plural), indicating some ownership of the intentions.  

The goal Claudio spoke of most was the “homogenization” of Calculus 2, and he viewed 

the homogenization of P2C2 courses as one of the major goals of the change initiative as a 

whole. In each interview he gave some variation of the statement “I do really want to have these 

concept of homogeneity and a student passing, we know that it passes because that student's 

prepared for the for the rest” (Sp17_2). His goals for homogeneity were tightly tied to his desire 

for equivalent outcome measures and preparation across sections, noted earlier. This 

homogenization would also allow for more direct comparison across course sections, semesters, 

and years in order to test the effect of ongoing and future initiatives. In terms of success, Claudio 
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was generally satisfied with the use of a common text, uniform assessments, and collaborating 

with the GTAs and other instructors of record – after the first semester. However, there were 

some frictions with other ladder rank faculty when they taught the course under his coordination. 

Despite those frictions, Claudio said “we basically were able to coordinate and the TAs and 

everything was pretty, pretty well coordinated. I just had myself for the first time mold a little bit 

more what I was doing” (Sp17). 

Another feature of the coordination system, the active learning activity labs, provided 

Claudio with another way to engage students in relation to their majors. His role included 

meeting weekly with the GTAs to discuss these activities and how to present them – and in 

particular how to engage the students in the activities he designed to engage them in 

mathematical content related to their majors:  

I meet with all the TAs once a week for one hour to go over the material that they 

should be presenting that week, basically the activity, because it's not just about 

giving the activity to students and just letting them roam free. There are certain, 

certain cues, certain things that the TAs must do in order to make the material 

more interesting or to prompt the students to go in a certain direction […] the TA, 

the person presenting this has to kind of, this is let's do something big, let's do 

something great, let's do something interesting. (Sp16) 

Claudio also felt that success was being had with regards to students’ understanding, 

engagement, and preparation in Calculus 2. Though he did not name increasing passing rates or 

exam scores as explicit goals of the efforts, he did use these as markers for success. In 

accordance with his goal of better preparing students for their next course, Claudio listed “are 

our [Calculus 3] instructors now feeling that they can cover more” (Sp16) as one of the ways to 

measure the success of all their efforts, as well as “what are the other departments, our 

customers, feeling about the preparation in basic mathematics from our students” (Sp16). 

Claudio referred to his open dialogue with instructors of Calculus 3 as a continued source of 

information about the preparation level of students passing Calculus 2. Another area where 



 

210 

Claudio referenced success was in terms of the P2C2 culture, and students’ engagement and 

attitudes toward their courses. Claudio’s evidence came from reduced complaints from students, 

increased attendance, a general sense that students were working more consistently, and GTAs’ 

reports of better group dynamics during the active learning lab sessions.  

Finally, Claudio indicated that he was personally invested and dedicated to the change 

effort as a whole, though his involvement was primarily regarding the coordination of Calculus 

2, even referring to the coordination system as his “baby” (Sp17_2). It is further evidenced by his 

use of the first person when describing the design and implementation of the changes: 

I came up with [the coordination model] and that was one of the reasons I wanted 

to also […] be an instructor for the course. […] I'm a sergeant but I'm in the 

trenches as well so I like to see what how to implement and being able to be there 

in the trenches to do. (Sp17_1) 

I do it because I think that we're going towards a goal of improving the students 

and after all I'm not here just to do research of my own it’s, if I just give 

something to the next generation – that’s the next generation it's gonna take over 

what we're doing right now so it's my contribution towards next generation. 

(Sp17_1) 

His personal investment in the initiatives did not translate to an individualistic attitude, however, 

as he many times pointed to collaboration and how it was the concerted effort of many people 

and in fact the effect of many combined efforts that had led to the successes he saw (emphasis 

added): 

The person presenting this has to kind of, this is let's do something big, let's do 

something great, let's do something interesting. (Sp16) 

We are want[ing] to include more activity in those sections […] We believe this is 

pretty important for the students because if they discover it themselves it's better 

than someone teaching it to themselves. (Sp16) 

And my role in the calculus started being part of a calculus committee to try to 

improve things [LSU]. So we took the initiative […] and try to implement some 

changes in the calculus sequence. (Sp16) 

I cannot say that the improvement is just because the culture that I have created in 

Calc 2. It is the culture that I create, we have created across Precalc, Calc 1, and 
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Calc 2. […] I cannot just believe that is just because I teach this kids for fifteen 

weeks that I'm just making them better. It's, it's something more than more than 

that. (Sp17_2) 

Altogether, it is apparent that Claudio views the change efforts as something that he is heavily 

involved with, personally dedicated to, collaborating on, and his monitoring of the initiatives 

leads him to believe that they are having success and should continue on the path they have 

begun. 

Summary 

It is possible to build a portrait of Claudio from his interviews, and here this is done 

focused on his views of himself as a coordinator and professor, his views of students, and his 

views of the change initiative as a whole. He clearly views himself as a strong character, 

someone who can lead and push his agenda through. His agenda, which he feels is a joint 

venture, is to better support students in P2C2 courses to succeed in their future mathematics and 

discipline-specific work – and to ensure that standards are the same across all instructors. It is 

also apparent that he has a positive attitude about the change initiative, seeing lots of early wins 

and successes already and continuing to tweak implementation. The characteristics which predict 

leadership vary across contexts, but it seems that Claudio possesses several qualities that are 

often present and positive for change (Carter et al., 2015; Reinholz & Apkarian, 2018). 

Results 3: Contrasting Coordinator 

In order to better understand the Calculus 2 coordinator and what, if anything, sets him 

apart from his peers, I turn to the Calculus 1 coordinator. They were appointed as coordinators at 

much the same time, yet did not show the same change in leadership status. The Precalculus 

coordinator also did not show much change in status, but I chose to remove her from this 

comparison due to a number of factors which set her apart from the calculus coordinators. First, 

she is a woman and part of the mathematics education division of the department. Assumptions 
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about gender roles and explicit or implicit gender bias may be a factor in her status, and Chapters 

4 and 5 explained that the mathematics education division is viewed quite distinctly from the 

other divisions. Second, she is also the LCMS Director, meaning that her role in the P2C2 

sequence is more complex and involved than the other coordinators. Finally, she became 

involved with improving Precalculus just prior to the major change initiative which is the focus 

of the study, meaning that her timeline is not consistent with Claudio and Kevin’s. 

Views of People 

Kevin does not present himself as a strong figure the way Claudio did. When asked about 

his role in the department, and how much say he has in departmental issues, he said: 

As far as the calculus goes I have a say because they respect, because I'm the 

coordinator and that kind of thing. So I think I have a little bit of a say at the 

meetings (Sp16) 

He indicated that he has some power because he is the coordinator, in contrast to Claudio who 

felt that he was selected as a coordinator because of his power. The rest of the interview in which 

Kevin referred to his own role in the department or as coordinator were descriptions of his duties 

and activities – without much description of informal roles or his own personality. If nothing 

else, this indicates that he does not view his personality as important to an understanding of his 

role as the coordinator. Only once does he make a direct comparison between himself and 

Claudio, where he implies that Claudio is too quick to see success, while Kevin sees himself as 

more measured and patient (Sp17_2). 

Views of P2C2 Students 

The views of Kevin, the Calculus 1 coordinator, are in stark contrast to those of Claudio. 

In the process of coding his interviews several new codes were developed to capture his 

thoughts. A summary of the coding for his interviews is in Table 6.3. 
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Table 6.3. Student code incidence matrix for the Calculus 1 coordinator’s two interviews. 
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Sp16 2 0 9 7 9 3 1 2 3 3 2 0 0 

Sp17_2 2 0 5 6 2 3 3 0 0 3 2 6 1 

Total 4 0 14 13 11 6 4 2 3 6 4 6 1 

 

Comparing Table 6.2 and Table 6.3, some similarities and differences are obvious. As 

with Claudio, the majority of Kevin’s coded statements relate to his perceptions of students, with 

48 coded segments. His take on students’ perceptions was coded 11 times, instructor activities 10 

times, and his overall perception of the program only 2 times. 

Perception of program. The two times Kevin spoke about the overall program, once in 

each interview, he talked about how the P2C2 sequence “weeds out” students. In both of the 

following quotes, he is talking about his experiences teaching Calculus 3 at LSU: 

I like my calculus 3 courses the best, because the students are kind of weeded out 

a little bit, I don't know I like the subject matter and the students are better. (Sp16) 

Because in [Calculus 3], the students are a little bit weeded out. It always goes 

better than [Calculus 2] or [Calculus 1]. There's more, students are better quality 

by then. (Sp17_2) 

This stands in contrast to Claudio’s extensive discussion of the purpose of the P2C2 sequence 

being to prepare students for future courses and non-mathematics majors.  

Instructors’ activities. Kevin did not speak of instructors’ duty to students at all. His 

mentions of communication, however, were fairly similar to Claudio’s. He mentioned informal 

conversations with students, talking with GTAs at their regularly scheduled meetings, talking to 

other coordinators, and student evaluations. Kevin spent some time in the final interview talking 
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about the presentation of material in Calculus 1, but unlike Claudio did not talk about the 

activities. He mentioned that during lecture he “made a lot of concepts, diagrams on the board” 

to help students see “what's going on” (Sp17_2), in contrast to another instructor who spent more 

time on concrete examples. He also talked about variation in exact terms, phrases, and notation 

used by the various instructors, which had (at least once) caused some difficulty for students on 

the exam. The rest of the segments related to the presentation of material related to the selection 

of a textbook, going through a selection of common calculus texts, wanting “a book that students 

can read easily and not too wordy” (Sp17_2). 

Students’ perceptions. Like Claudio, Kevin shared his understanding of students’ 

perceptions of various aspects of Calculus 1 and the P2C2 program as a whole. He echoed the 

sentiment that students worried about fairness when the coordinator, not their instructor, wrote 

the exam. He also echoed Claudio’s wonder about students’ attitude toward mathematics and 

how that changed after taking P2C2 courses. He further talked the large number of students who 

were taking calculus courses at local community colleges or online – which he attributed to those 

students’ inability to pass the course at LSU. One of the common themes in his mentions of 

students perceptions was, as with Claudio, that there was a mixture of opinions and no wide 

consensus of student opinion. However, Kevin also layered his perceptions of students onto that 

feedback, with comments like “the bad feedback usually comes from the students that don’t do 

well” (Sp16) and that poor evaluations of his teaching style come from students who “shouldn’t 

be in there” (Sp16).  

Perceptions of students. As with Claudio, the majority of Kevin’s student-related 

comments were primarily about his perceptions of the students taking P2C2 courses – though in 

his case the primary focus was on students in Calculus 1. He spoke about students with many of 
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the same themes seen in Claudio’s interviews, but to capture his focus the themes of prior 

preparation and good/bad students were added. One of the main themes that emerged within 

Claudio’s perception of students was his emphasis on students’ majors, but this is was entirely 

absent from Kevin’s interview. Other discrepancies were more subtle, and can be seen more 

clearly from the actual quotes. 

Kevin’s comments about students’ in-class behavior were primarily focused on what he 

considered to be poor behavior, as opposed to Claudio’s descriptions of day-to-day activities. Of 

the six segments coded this way, three were about students cheating and two were about low 

attendance. The sixth was about the goal of active learning in the lab sessions: 

Um, well I suppose the students, the main target is that you want the students to 

learn more and all the concepts and all that. I guess they can learn by using all 

their senses, talking, you got the ears, and they can tell if each other are right, and 

read, and get in groups and think out a strategy to solve the problem and share 

ideas. I guess explaining things to other people helps understand things, makes 

you realize what you don't know so well, so someone else makes a comment. I 

guess all that kind of stuff. I guess the main target is to learn that way a little bit. 

(Sp16)  

Regarding students’ out-of-class behavior, Kevin spoke about trying to balance students’ 

workload with content coverage after learning that some students felt overwhelmed and 

mentioned that students had trouble figuring out what to study. He also noted that students in his 

class went to the LCMS, and reported that they liked it. He did not expound in any great detail 

on these student activities, but it is enough to note that he has been responsive to some concerns. 

With regards to student outcomes, Claudio was generally positive about seeing evidence 

of improvement, while Kevin was more reticent. In fact, he explicitly referred to Claudio’s report 

to the department and said that Claudio had “put a big positive tone on it […] I think he’s being, 

exaggerating a little bit because I’d like to wait and look back after a couple years” (Sp17_2). 

While Kevin mentioned overall DFW rates as one of the motivating factors for the change 
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initiative, and one way of gauging success in the future, he did not comment particularly on the 

current passing rates and, as noted, felt it would be too early to draw any meaningful 

conclusions. 

While Claudio made most of his comments about students in general terms, Kevin talked 

more about the outcomes of individual students and subgroups of the Calculus 1 cohort. In the 

Spring 2016 interview, he: told of two students who struggled with an exam item on related 

rates; questioned how students who were failing Calculus 1 were simultaneously receiving A’s in 

a calculus-based physics course; noted that a large portion of the students then in Calculus 1 

were retaking it after failing in the fall and again not doing well; and indicated that the large 

number of students who did not want to take Calculus 1 at LSU had likely failed twice and/or 

wanted to take it somewhere they could cheat. In Spring 2017, Kevin implied that he expected 

certain groups of students to achieve certain outcomes in his course, but that he was occasionally 

pleasantly surprised by enterprising students willing to go above and beyond. One of the sub-

themes from Claudio’s interview was his emphasis on equivalent outcome measures, which 

Kevin did not refer to. 

When talking about students, Kevin frequently referred to good and bad students. To a 

large extent it seems that high-performing students who enjoyed mathematics were those whom 

he considered good students; those who struggled, did not enjoy mathematics, or registered 

complaints about the course or instructor were those whom he considered bad students. This is 

perhaps most clear in his description of a student with poor attendance but a high grade as “a 

good student, but he never comes to class” (Sp17_2). In line with his comments about the P2C2 

sequence serving the purpose of “weeding out” weaker students, he noted that he likes teaching 

“Differential Equations [and] Calculus 3 courses the best, because the students are kind of 
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weeded out a little bit […] the students are better” (Sp16) and “in [Calculus 3], the students are a 

little bit weeded out […] students are better quality by then” (Sp17_2). In the first interview, 

when asked how the change initiative was working out, Kevin said it was “too early to tell, and 

some of the students aren’t very good. I don’t know if you can do anything for them if they don’t 

study” (Sp16). When discussing the assessment dip seen across many courses in Spring 2017, he 

commented “I got some good students it’s just that there’s too many of the others” (Sp17_2). 

The good and bad student theme was also present when Kevin discussed students’ 

reactions to various teaching strategies. In the activity sessions, he noted that “bad students” and 

“good students” reacted differently, specifically that “some students are just slow, and they get 

into groups [where] there might be one person that’s smart” (Sp16). Regarding the lectures, he 

noted that “the better students would like my lectures” (Sp16). He also categorized students 

based on their projected course grade, noting that while some students don’t always follow his 

board work, “the A and B students never ask that kind of question” (Sp17_2).  

While Claudio seemed focused on preparing the students currently enrolled in Calculus 2 

for their future STEM courses, Kevin spent a lot of time talking about the prior preparation of 

students enrolled in Calculus 1. In general he felt that students were not adequately prepared, and 

referred to the new placement procedures as “quality controls” (Sp17_2). In his first interview he 

explained that poor evaluations of his teaching came from students who “shouldn’t be in there” 

(Sp16), and that there would be some DFW threshold that could not be reduced because “some 

students, they don’t have the background or the ability” (Sp16). He also expressed concern about 

the prior placement exam, as students who tested into Calculus 1 did not always have the 

experience he expected, and so suspected that the answer key was floating around and students 

were cheating. When talking about the Spring 2016 students and an assessment slump, he said: 
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I think the quality of our students is worse this semester than last semester. The 

ability levels, because a lot of them flunked last time. I'd say about 51% of them 

got D's or less. Less than a C so they couldn't take, they had to take it again. And 

a lot of the time they're just flunking it again, a lot of them. The ability's not there, 

they don't know the precalculus. A lot of them somehow skip the precalculus […] 

these students here either did not take pre-calculus and somehow got straight in 

from intermediate algebra. Or they took precalculus and got like a C in it. Or they 

took it twice and got a D and then they got a C. And they're just flunking again, 

all these people. (Sp16) 

When talking about how these issues of student preparation could be addressed, he said that he 

was hoping that the new placement system would help ensure that the students entering Calculus 

were more prepared, or that perhaps the credit load of Precalculus could be increased. It was 

clear that he felt that students’ prior preparation, rather than anything happening in Calculus 1, 

was his focus when thinking about students’ and their success: “maybe all the stuff we're doing 

helps a little bit but maybe the main thing is how prepared are the students coming in” (Sp17_2)  

Summary of views of students. Like Claudio, most of Kevin’s mentions of students 

came in terms of his perceptions of them, and extremely so. Kevin’s only mentions of the 

purpose of the P2C2 program, for students, was as a way to weed out weaker students; he only 

spoke of students’ perceptions of the program in the first interview; instructors’ activities related 

to students only came up in how they communicate about students and his own need to select an 

appropriate level textbook.  

In perceptions of students, the prior preparation theme was the most used in Kevin’s 

interviews, while in Claudio’s it was student outcomes, and in particular preparation for future 

courses. This highlights some of the major distinctions between the two in terms of their 

perceptions of students: Claudio is forward-thinking and concerned with supporting the students 

he has; Kevin is backward-looking and concerned with increasing the preparation of students 

coming into his course. In their discussions of who their students are, Claudio focused on their 
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majors and future courses; Kevin focused on good and bad students, based on their prior and 

current grades. 

Views of the Change Initiative 

As the Calculus 1 coordinator, Kevin is a key part of the change initiative. However, he is 

somewhat suspicious of the process and does not particularly take ownership of the change 

effort. Very early on he attributes the design of the initiative to mathematics educators in the 

department, followed with “but I’m open to it” (Sp16). 

Kevin clearly identified DFW rates as one of the motivations and targets for the change 

initiatives, as they had been too high in recent years. Overall grade distributions, as well as exam 

scores, were what Kevin repeatedly pointed to as the measures which would indicate whether 

their initiative was successful. As Claudio noted, he indicated that increasing the pass rates in the 

course or exams should not be done artificially, by “mak[ing] a stupid easy test and teach[ing] to 

it” (Sp16). In this vein, he also pointed to equivalence of experiences and assessments as one of 

the goals of the initiative, saying “it's good to have the grading, the uniformity” (Sp16) and “the 

students in all the different sections, you know, they're being treated equally and fairer since the 

same exams” (Sp16). He frequently referred this uniformity, under his supervision, as quality 

control, and “not just with instructors but the students coming in” (Sp17_2). In regards to current 

success with these efforts, Kevin felt that the implementation of uniform elements was 

happening, but noted in both interviews that it was “too early to tell” (Sp16) and that he would 

“like to wait and look back after a couple years” (Sp17_2) before saying whether or not there 

was noticeable improvement. However, he did indicate that he thought things were going in the 

right direction. 
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Kevin noted that the new lab breakout sessions were developed in part to expose students 

to active learning in mathematics, though he did not use that term: 

The main target is that you want the students to learn more and all the concepts 

and all that. I guess they can learn by using all their senses, talking, you got the 

ears, and they can tell if each other are right and read, and get in groups and think 

out a strategy to solve the problem and share ideas. I guess explaining things to 

other people helps understand things, makes you realize what you don't know so 

well, so someone else makes a comment. I guess all that kind of stuff. I guess the 

main target is to learn that way a little bit. (Sp16) 

Again, note that he talks about the “target” in the third person, as something that exists apart 

from him. When asked about gauging the success of this, he again pointed to exams and pass 

rates as the main test of the initiatives. He reported that some students like the interaction 

happening in the lab sessions, but others preferred lecture – and in particular, “better students 

would like my lectures” (Sp16).  

More so than Claudio, Kevin pointed to the aims of the change initiative in relation to 

GTAs. He noted that the initiative included “training the TAs how to deal with students and to 

teach. Gets them ready for when they graduate. A lot want to be teachers” (Sp17_2). Kevin also 

pointed to the initiative as including more interaction on the instructional side, with weekly 

meetings for the course coordinator and GTAs, regular communication between instructors, and 

meetings between the coordinators of all P2C2 courses as part of the supervisory committee. He 

noted that “it’s good to interact and talk about stuff […] but the bottom line is, is it really going 

to make a difference for students three years down the line?” (Sp16). 

Summary 

A portrait of Kevin emerges from his interviews, as it did with Claudio, in terms of who 

he is and how he views his role as a coordinator and the ongoing change initiative. He was more 

withdrawn than Claudio during interviews, and did not present his own personality as an 

important aspect of his role in the change initiative, instead focusing on the technical aspects and 



 

221 

requirements of the role. He does not take ownership of the design, goals, or implementation of 

the initiative, and in fact ascribes much of the plan to others. Kevin views the main purpose of 

the P2C2 course sequence as weeding out weaker students; he sees the main obstacle in the way 

of success as widespread lack of prior preparation on the students’ part. His language related to 

students indicates a fixed view of students, that some have the background, ability, and 

motivation to succeed and be “good” students, while others do not (Boaler, 2016; Dweck, 2008). 

Kevin’s overall attitude toward the change initiative is one of polite skepticism, evidenced by his 

continued insistence that it is “too early to tell” whether or not the changes are having any 

success. His cautious, reserved nature has certain benefits, but is unlikely to inspire others. 

Discussion & Implications 

In trying to understand the leadership surrounding the change initiative at LSU, and in 

particular how that relates to the new coordination system, I used social network analysis to 

identify major influencers and how people’s positioning changed over time as changes were 

implemented. Claudio stood out as a figure who was peripheral to discussions of lower division 

mathematics instruction prior to the initiative, but became a major source of advice and a 

frequent discussion partner during the period of this study. Becoming the Calculus 2 course 

coordinator is an obvious potential source of this influence shift – but the same pattern was not 

seen with the Calculus 1 coordinator whose position remained stagnant and below Claudio’s. 

Exploration of interviews with the two coordinators during the first two years of 

implementation revealed several differences between the two men, which may go some way 

toward understanding their distinct trajectories in terms of influence. Major topics from each 

coordinators’ analysis are presented in Table 6.4. 
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Table 6.4. Table summarizing the comparison between the calculus coordinators, according to the major themes of 

the analysis. 

 
Kevin 

Calculus 1 Coordinator 

Claudio 

Calculus 2 Coordinator 

View of self 

and role 
Passive; ensure quality control 

Strong, tough, and active; engage 

students in mathematics 

Perception 

of Program 
Weed-out program 

Prepare students for future courses 

and careers 

Perception 

of Students 

Good/bad students based on grade 

outcomes; prior preparation and 

ability determine success 

Applied science majors who need 

help to engage with mathematics 

Students’ 

Perceptions 

Complaints come from weak students; 

concerns about fairness  

Concerns about fairness; improving 

with PR campaign 

Instructor 

Activities 

Precision of language and content; no 

mention of consistency 

Instructors’ duty to engage and 

support students 

View of 

change 

initiative 

Someone else’s project that he 

enforces; too early to tell; unlikely to 

have much effect 

Successful building culture of hard 

work; personal ownership; forward 

looking; proud of successes 

 

Claudio presents himself as a strong character and leader, on a mission to instigate 

change; while Kevin appears to be along for the ride. Claudio is interested in pushing the system 

forward and touting its potential benefits; Kevin is reticent and concerned that the issues are the 

result of students’ poor preparation levels. Claudio looks to the future of the students enrolled in 

Calculus 2 and actively looks for ways to engage them in the content; Kevin looks to the past of 

the students enrolled in Calculus 1 and passively assumes that those not interested will not be 

successful in the course. Claudio identifies and celebrates early wins; Kevin holds back and 

predicts that grade changes are due only to semester-by-semester variation in students. 

Why So Different? 

The differences between Kevin and Claudio which appear in this analysis of their 

interviews are quite stark. Identifying the underlying reasons for these differences is an area of 

conjectural interpretation, and opens up avenues for further investigation here or at other sites. 

Certainly their personalities are distinct, this much is easily observed through interactions and 
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their descriptions of themselves and their role. Claudio expressed feelings of agency with regards 

to the change initiative, which contributes to his engagement and investment in the process and 

has a positive effect on human behavior (Deci & Ryan, 2000). This engagement and investment 

may give him the appearance of being approachable and make him more willing to discuss the 

initiative and its components with his colleagues. Personality traits affect perception of 

leadership, though these vary across contexts and so more investigation would be needed to test 

this hypothesis (Carter et al., 2015). 

A contributing factor could be status within the department. As noted in previous 

chapters, Kevin no longer actively pursues mathematics research and primarily teaches large 

introductory courses, but Claudio is research-active and continues to work with graduate students 

in his field. While status associated with research activity was not explored, the status differential 

noted between lecturers and faculty (Chapter 5) might well spill over to faculty members who 

are not active researchers. If so, the inherent value of research in the department might affect 

members’ willingness to ask for advice. However, the nomination of leadership came from 

lecturers as well as faculty members, so this is unlikely to be the whole story. 

Kevin’s experience teaching calculus may also have an interesting part to play. He has 

the most experience teaching Calculus 1 of all the faculty in the department, which could mean 

he is more entrenched in his style of teaching than Claudio. Perhaps the adage about old dogs 

and tricks contributes to his reticence regarding change. His wariness may also be related to his 

experience with previous reform efforts, including the math wars of the 1990’s, at which time he 

was already teaching at LSU (Klein, 2007; Schoenfeld, 2004). 

Another possibility relates to their roles and positioning with the CTF and P2C2 

supervisory committee. I do not have access to the original CTF meetings, which occurred prior 
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to this study, but future analysis of the P2C2 supervisory meetings might reveal interaction 

patterns which suggest relative positioning or respect that might affect how these two take on 

their roles, and how others treat them in their roles. A wealth of other explanatory factors are 

possible.  

Implications 

Whatever the reasons for the differences between Claudio and Kevin that correspond to 

their varying leadership trajectories, there are implications for other sites. These two cannot be 

separated from their context and relationship, of course, but some of these local results can be 

extrapolated to different contexts. When asked for advice about implementing a change initiative 

elsewhere, the Calculus 2 coordinator said this: 

You need to have somebody that is passionate about what they do. That's what's 

important. I'm not passionate about calculus […] I'm just passionate about being a 

professor. I'm passionate about my research and I'm passionate about teaching. 

[…] I think that's important. So if you do […] here's your turn to be a coordinator 

because it's your turn - that's not [going to] work. […] You have to have kind of a 

passion doing it. (Sp17_1) 

The rise of the Calculus 2 coordinator can be framed as the realization of untapped potential in a 

charismatic figure who was willing to open his mind to new ideas for the good of the system and 

the students. He was given agency within the change initiative and the new system, which he 

leveraged. The Calculus 1 coordinator did not exhibit the same interest or vested interest in the 

initiative, and did not increase his leadership status during the first few years of change at LSU. 

This may suggest that the best person to put in the role of coordinator is one with energy, ideas, 

and an open mind – rather than the person with the most experience teaching the course. Another 

implication that is applicable outside of LSU is that the department community’s perceptions of 

the best resources or instructional leaders is not necessarily stagnant – which is promising for 

anyone interested in enacting meaningful and widespread change. 
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Chapter 7: Conclusion and Implications 

This final chapter of the dissertation begins with a recapitulation of the main findings, 

referencing the original research goals and questions from Chapter 1. This is followed by a brief 

discussion of the inadequacies of the original formulation of research goals which led to the final 

organization of the results chapters. I then consider the results from Chapters 4, 5, 6 and the 

implications of those findings in light of the theoretical traditions leveraged and how these 

findings are situated within the broader literature on institutional change. This is followed by 

broader implications from the study itself, in terms of theory, research, and practice. This 

chapter, and this dissertation, finish with a set of future avenues of investigation. 

Review of Results 

Research Goal 1: Characterizing the Community 

The mathematics department at LSU was the community targeted for change by the 

P2C2-focused initiative under study in this dissertation. From interviews, observations, and 

surveys, it became clear that the main targets were within the mathematics and mathematics 

education divisions of the department, though separate initiatives exist which focus on statistics 

courses and were not part of this study. 

1a. Social structure. One of the guiding questions of this study centered on investigating 

the community within the LSU mathematics department in terms of its (evolving) social 

structure. This question is addressed specifically in Chapter 4. The majority of department 

members were involved in conversations about teaching across the entirety of the study. The 

department chair, who was critical in instigating and monitoring the change initiative, figured 

centrally into these discussions as an intermediary connecting many people across the 

department.  
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Across the study, interaction patterns of asking for advice about teaching changed. A 

spike in degree centralization during the first year of changes (AY 2015-16) reveals that during 

that time, advice was sought from a concentrated group of individuals. As detailed in Chapter 4, 

this group of resource providers were in fact the members of the P2C2 supervisory committee 

who were the change agents who designed and managed much of the new system. While overall 

the advice-seeking network became more distributed in the second year of the initiative (AY 

2016-17), the Precalculus and Calculus 2 coordinators remained high outliers sought after for 

their advice. They replaced the department members who were highest in the advice network 

prior to the change initiative, indicative of a shift in leadership 

Informal or functional instructional leadership was assessed with a multifaceted 

operationalization of leadership, looking across multiple networks. Prior to the change initiative, 

only one actor in the network appeared to function as an informal leader, and he had no formal 

title related to P2C2 course management. At the end of the first year, this figure was still 

prominent but joined by people helming the new initiatives. By the end of the second year, the 

initial leader was no longer prominent. Instead, the informal leaders were all people who also 

held formal leadership titles and positions with regards to the new P2C2 system. There has 

clearly been a shift in instructional leadership, and the formal and informal leadership systems 

are better aligned than before the initiative. 

1b. Community characteristics. The second question related to investigating the 

community related to LSU’s P2C2 course sequence asked about department characteristics, 

including aspects of departmental climate and culture.  

In Chapter 4, survey data from scales aimed at measuring departmental climate were 

analyzed. These, coupled with individuals’ written clarifications, revealed a department where 
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people are generally cordial and collegial, but not in close contact or collaboration. The 

responses to these scales did not change appreciably over the course of the study, as might have 

been expected. Perhaps the change initiative did not affect enough members of the department to 

register on these instruments; perhaps it is too soon for an effect to be measurable; perhaps the 

initiative is having no effect on departmental climate.  

As noted in Chapter 5, the shared attitudes, beliefs, values, and assumptions which might 

have affected responses to the scales were not an explicit focus of the change initiative. In that 

chapter, the perspective through a symbols lens revealed several common assumptions – there 

was no evidence from the interviews either of shifts in these ideas. These included strong beliefs 

about the rights of instructors, especially faculty, to teach their courses independently. The 

symbols lens also revealed a common assumption that students are not academically prepared for 

their mathematics courses at LSU, and the shared understanding that the P2C2 sequence is a 

service for other departments.  

The people and power lenses of the four frames perspective revealed other social 

characteristics of the department, also detailed in Chapter 5. This includes historic frictions 

between the department’s three divisions, which are clearly delineated. It also includes 

distinctions made between tenured or tenure-track faculty and non-tenure-track lecturers. These 

distinctions relate to distinctions in terms of formal expectations associated with the different 

titles, as well as status and power differentials.  

Research Goal 2: Characterizing the Initiative 

This dissertation focuses on a change initiative, and as such one of the goals was to 

characterize the initiative being implemented in terms of its overall structure. Revisiting the 

change literature from Chapter 2, the change initiative at LSU can be described in several ways. 
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2a. Structure of the change initiative. The change initiative at LSU proceeded in 

several stages. The election of a new chair served as the primary catalyst for change, in order to 

finally address concerns which had existed for years about the negative effects of P2C2 courses 

on student success. The department chair, in consultation with one of the mathematics educators 

in the department, reviewed literature on successful Calculus 1 programs and decided to use the 

CSPCC features as a guide for structures to implement at LSU. From there, a Calculus Task 

Force was convened, chaired by the mathematics educator and with oversight from the 

department chair. The CTF, which was primarily composed of members of the mathematics 

department, worked collaboratively to set out the specifics of an integrated set of structures 

which would address those features within the context of LSU and the mathematics department. 

After a department vote in favor of the strategies designed by the CTF, the course coordinators, 

director of the LCMS, department chair, and CTF chair formed a new committee to monitor the 

roll out of the changes and oversee new developments.  

From the six perspectives proposed by Kezar (Kezar, 2014b), aspects of LSU’s initiative 

fit in with the scientific management, institutional, and political change models. In line with the 

scientific management model, the impetus for change included internal leadership (department 

chair) and internal pressures (student success); many aspects of the process were pre-planned and 

fairly linear (e.g., timeline, committee formation); outcomes included new structures; and the 

tactics used included the development of infrastructures. In line with the institutional model, 

there were also external pressures (administration, pass rates); goals included new norms related 

to teaching (e.g., coordination; active learning); and tactics included leveraging existing 

structures. The process and tactics of coalition building and negotiation in light of existing power 

dynamics are also aligned with the political model of change. The combination of aspects of 
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multiple change models is in line with recommendations from the literature to support 

sustainable success (Corbo et al., 2015; Kezar, 2014b). 

To compare the LSU change initiative with other examples of change initiatives in the 

literature, consider the quadrant of four categories of change strategies identified in Henderson 

and colleagues’ literature review (Henderson et al., 2011). The intended outcomes of the change 

were fairly prescribed, as they were based on results from research on other successful programs 

(Rasmussen et al., 2014). Much of the focus of the change initiative at LSU was on structures 

which encourage and require new practices from the community. This puts the LSU change 

initiative fairly decisively in the third quadrant, “Enacting Policy” which has the description 

“enact new environmental features that require/encourage new conceptions/practices” (Borrego 

& Henderson, 2014, p. 224; Henderson et al., 2011, p. 961). Though the general outcomes were 

prescribed, committees were convened to support collective development of the details of those 

new structures, which is part of the fourth model, “Developing Shared Vision.” 

2b. Strategy of the change initiative. The second focusing question related to the 

characterizing the change initiative asked about the rationale behind the structure of the 

initiative. The first stages of the change initiative, when the department chair and CTF were 

designing the structures to be implemented, happened just prior to the beginning of this study 

and so were not directly observed. From change agents’ recollections and observations of the 

latter phases of the initiative, however, some things can be said about the strategies behind the 

design of the change initiative. In terms of the targets of the initiative, it is clear that these were 

based in research literature and so were selected because there is evidence of their ability to 

support student success. 
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The primary change agents of the LSU P2C2 initiative were all internal to the 

department, and therefore understood, at least implicitly, the culture of their community (Schein, 

2010; Wenger, 1998). This influenced the design of various phases of the change effort. 

One of the early phases of the change initiative involved the Calculus Task Force (CTF). 

The makeup of this committee was heavily influenced by change agents’ understanding of 

differences between individual in the department and the department’s politics, as seen through 

the lenses of people and power described in Chapter 5. Efforts were made to include 

mathematics educators, who have expertise in education, and mathematicians, who are primarily 

responsible for P2C2 course delivery. Efforts were also made to include some of the more 

vociferous members of the mathematics division who were skeptical if not outright opposed to 

some of the suggestions, as well as proponents of an alternative system aligned with the targeted 

features.  

Change agents also leveraged power by taking advantage of university initiatives to gain 

not only sanction but support from LSU administration. As detailed in Chapter 5, the university’s 

strategic plan at the time of this change initiative called for a new learning center to support 

students in mathematics courses. Members of the department were able, in part due to the 

development of a larger initiative, to gain control of the LCMS and have the director appointed 

from within the department. The LCMS is a critical source of funding and its function supports 

the rest of the initiative. The department chair’s involvement with university committees built 

confidence with administrators, and his presence on an LSU task force about class size led to 

funding for more GTAs, which supported their newly added duties facilitating active learning 

sessions. 
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2c. Effectiveness of initiative. One of the biggest questions of any change initiative must 

be whether or not it has had an effect on its goals, in this case to support student success in and 

past the P2C2 course sequence. Directly assessing the efficacy of this initiative on student 

success was outside the scope of this study, but I can report on assessments done by the 

university and department.  

Analysis done by LSU indicate the LCMS has had a strong, measurable, positive effect 

on student success for first-year students in P2C2 courses. Analysis was done using propensity 

score matching, which controls for a multitude of variables when assessing affects. Attendance 

data was gathered via students’ entry swipes to the LCMS for support. The analysis of the 

center’s effect showed that students who attended the LCMS were less likely to receive a non-

passing grade. In Calculus 1 and 2 the probability of a passing grade was doubled, in Precalculus 

it was tripled. This analysis is quite convincing, and has resulted in continued and expanding 

funding for the LCMS from the university. 

Other measures of success have not been assessed with as much conviction. Passing rates 

in each course are recorded, but the lack of coherence prior to the initiative makes direct 

comparison unconvincing. These data have shown improvement in P2C2 passing rates and exam 

scores since the first term of the change initiative, but this shows that the new system is 

improving – not that the new system is an improvement over the old. Course taking patterns, 

persistence in STEM majors, time to graduation, and success in future courses (e.g., 

multivariable calculus) will be used as more convincing measures of the effect of the initiative, 

but it takes several years before enough data can be generated to make a meaningful analysis.  

Research Goal 3: Community and Initiative Interactions 
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The final research goal of this dissertation was to trace the interactions vis-à-vis the 

community and the improvement effort, with particular attention to their co-evolution over time. 

Chapter 6 combines social network analyses of community structure, the new coordination 

structure, and individual characteristics to look at how the coordination system and community 

co-evolved and indicated the emergence of new instructional leadership. The focusing questions 

within research goal three suggest a broader investigation of similar interactions. 

3a and 3b. Community responding to initiative and vice versa? The questions of how 

the community responds to the initiative, and how the initiative responds to the community, must 

be addressed together because of their cyclic and reflexive nature and because the initiative is in 

the hands of the community.  

Social network analyses in Chapter 4 show a spike in advice-seeking from P2C2 

supervisory committee members during the 2015-16 academic year when changes were first 

rolled out, which subsided somewhat in the second year. This indicates that the community first 

responded to the change initiative by talking about it and working to understand how things were 

supposed to change.  

During the first semester of the implementation of new structures, as discussed in Chapter 

5, there were transparency issues between the calculus coordinators and their co-instructors. This 

was primarily in regards to the common exams, which the non-coordinators did not see before 

they were given. These instructors complained and in some cases pushed back against the whole 

idea of course coordination based on this issue. Each instructor adjusted exam scores that term to 

account for items that did not align with their instruction for the term, and even so one instructor 

refused to cooperate with the coordinator’s recommendations for overall grade assignments. In 

response, changes were made to the official coordinator guidelines. These include requiring the 
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coordinators to communicate with instructors about exam items and to explicitly implement 

uniform course grading formulae. Some of the originally frustrated instructors have been 

assuaged by these changes, and are more positive about the benefits of the coordination system. 

Others have been less forgiving. 

Certain members of the department have indicated their rejection of the coordination 

system, for a variety of reasons. Many of their concerns were taken into consideration during the 

initial design of the change initiative, but were not entirely resolved. To mitigate negative effects 

of the strongest resisters on the implementation of the new system, the supervisory committee 

and department chair have given them non-P2C2 teaching assignments. This is generally viewed 

as a mutually beneficial arrangement by both proponents and skeptics of the system. Proponents 

are relieved of some of the pressure brought on trying to coordinate courses with people who 

object; skeptics of coordination are relieved to not have anyone impeding on their independence 

as instructors. This has not entirely resolved the issues, of course, but is seen as a temporary 

solution while the new structures are instantiated and optimized. 

The P2C2 supervisory committee is the junction between the department community and 

the change initiative. The members of this committee are members of the community, interacting 

with their colleagues regularly about any variety of topics. They have also spearheaded the 

initiative and retain control over the new structures. This means that they have the ability to 

facilitate changes to the system in response to the community’s responses, and to communicate 

details of the new system to the rest of the community both at formal meetings and in informal 

day-to-day interactions. 

3c. How is the initiative perceived by the community? The final focusing research 

question for this study asked about the community’s perception of the change initiative. This 
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question was perhaps a bit naïve, as it’s formulation implies a single community perception of 

the entire initiative, and the truth is more complex. As noted in Chapter 5, there was a general 

sense in the department that a change initiative was warranted, given students’ lack of 

preparation for and success in and beyond P2C2 courses. Beyond that, there was not much 

agreement. Interviews and observations revealed that there were advocates and skeptics of the 

initiative, and variation within both their advocacy and skepticism. A further complication is that 

many in the department who have not been teaching P2C2 courses professed ignorance of much 

of the initiative and so refrained from commenting with any great detail. Untangling the web of 

complementary and contradictory views of the various aspects of the change initiative in order to 

answer this question in detail will require further analysis of the data collected as part of this 

study and might require further data from a later date.  

Summary & Implications 

The results of this dissertation, presented in Chapters 4, 5, and 6, go some way toward 

addressing the three original research goals and associated focusing questions. However, these 

results are organized differently, to better reflect the complexity and interrelationships of the 

community and change initiative. Separating the community and the change initiative as distinct, 

interacting entities would have lost much of the nuance. It was also impractical due to the 

variation among people and the multiple components of the change initiative. Chapter 4 focused 

on quantitative measures of social characteristics of the department; Chapter 5 used the four 

frames perspective to explore aspects of the organizational culture surrounding the P2C2 

sequence and the changes which occurred; Chapter 6 focuses in on emerging leadership, 

identified through the departments’ social structure, and the characteristics which contributed to 

that emergence. 
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It became apparent that the department is not uniform, and almost fractured, and so 

cannot be considered as a functioning community of practice. However, the changes to the social 

structure and the implementation of new institutionalized structures related to the P2C2 sequence 

are interrelated in ways which suggest the emergence of an integrated P2C2 system which may 

be engendering a localized community of practice that can grow. Returning in some years’ time 

to assess the evolution of the community would be a worthwhile exercise.  

Insights and Recommendations for LSU 

The end of this manuscript warrants a reflection on the strengths of the LSU change 

initiative and process, as well as areas where there is room for growth. 

One of the strengths of the intended outcomes of the change process is that they targeted 

a series of integrated structures which combine to create a system capable of sustainably 

supporting student success – the motivating concern which led to the changes in the first place. 

Building a system, rather than implementing quick fixes, supports cohesive and complementary 

solutions which can address multiple factors at once. Consider the course coordination system, 

one of the broadest of the new structures. The primary attributes of coordination are having all 

sections cover the same material at the same pace and assessing students uniformly through 

homework and exams, which ensures that students have comparable experiences and are held to 

consistent expectations regardless of instructor. One of the desired outcomes of this is that 

students entering their next course have more uniform preparation no matter which section they 

were enrolled in. The coordination of courses also means that student supports can be tailored to 

support all students enrolled in a course. This includes tutors at the LCMS, GTAs, and 

instructors teaching in the P2C2 sequence. GTA professional development can also be uniform 

and supportive of all GTAs in the sequence. Determining the appropriate first mathematics 
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course at LSU for entering students is also helped by this coordination – with uniform course 

content and assessments, it is clearer what prerequisite knowledge is needed for each of the P2C2 

courses. The centrality of the course coordination system to the initiative makes it important to 

the overall success of the new system, meaning that the coordinators have an important role to 

play in the initiative and new system. While the Precalculus and Calculus 2 coordinators are 

instructional leaders both in formal title and informally as measured using SNA, the Calculus 1 

coordinator is more peripheral in discussions of instruction. Chapter 6 explores some of the 

differences between the calculus coordinators, but the effect on the overall system is not entirely 

clear. The situation warrants redress, however, to better align formal and informal leadership in 

the department.  

The LCMS has been successful at supporting student success in P2C2 courses, and is the 

only feature of the initiative where that can be said with conviction. This  conviction is due to the 

data collected and analyzed about the LCMS, which was made possible by the structure of the 

LCMS and the director’s understanding of what to measure and test in order to report to the 

administration. The reasons for the success of the LCMS cannot be understood without an 

appreciation for the entire interdependent system, but for students in the new P2C2 system it can 

be said that attending the LCMS increases the likelihood of passing the course. Assessing the 

direct impact of other structures in the new system, or even the entirety of the new system, has 

proved challenging given a lack of baseline data to compare to such radical and integrated 

overhauling of the sequence. While understandable, it has put the supervisors of the system in a 

bit of a bind when trying to share their successes with others at LSU. Some data will be possible 

to compare to historical records after a few years of the new system being in place, such as time 

to graduation rate and course taking patterns. However, the development of a more concrete plan 
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for assessment and evaluation would be beneficial in terms of communicating success. There is 

also some room for improvement in terms of expanding the outcomes measured and targeted. 

Concerns about student success, including passing rates and retention in STEM majors, provoked 

this major change initiative, and the structures implemented were based on research literature 

about programs to support student success. However, the structures in place are not 

comprehensively being assessed for fidelity of implementation. Further and more formal 

investigation into the enactment of structures might also benefit overall program evaluation. 

Additionally, the department would do well to make good on their intentions to look at data 

which includes students’ identities, to assess the impact of the program on students from 

historically marginalized groups. This would allow for the assessment of potentially distinct 

impacts on different groups of students and support the development of student support 

structures which attend to the varying needs of individual students. 

The P2C2 supervisory committee is the successor to the original CTF, which was made 

up of a range of department members and tasked with developing the original design of the 

structures to implement at LSU. The makeup of the CTF was well thought out and supported the 

change effort by ensuring representation of multiple stakeholders and including both skeptics and 

proponents. Thus the initial design of initiatives addressed the concerns of many stakeholders. 

However, that group did not include lecturers. Of the nine members of that committee, only three 

taught P2C2 courses in the first year of changes, as course coordinators, and one other taught a 

section of calculus at the end of the second year of this initiative. There are lecturers who teach 

P2C2 courses every term, and including their voices at the negotiating table might have helped 

smooth the process by staying closer to the students.  
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The creation of a P2C2 supervisory committee is another strength of the LSU system, in 

part because it brings the coordinators together with each other and other department members to 

support each other. The committee also keeps members accountable to each other for defending 

their decisions and monitoring their success, which may certainly be motivational. This group is 

also responsible for monitoring local data and adjusting the system in reaction to that data, in a 

process of continual modification and improvement. However, communication between this 

committee and other members of the department is not always transparent. The committee does 

report on the P2C2 sequence at department meetings, but for one reason or another some people 

are unclear on their activities. To continue the support and trust garnered by the original CTF, 

this should be further investigated and steps taken to increase that transparency. Communication 

between the committee and the lecturers who regularly teach P2C2 courses could also be 

improved. The lecturers are only vaguely aware of the existence of the committee, and 

committee members primarily hear a lecturer’s concerns or suggestions secondhand, via the 

coordinator who is working with them. 

While the change agents at LSU incorporated departmental attitudes and beliefs in the 

process of change, which supported that process, they did not target those attitudes and beliefs as 

products of change. This suggests an explanation for some of the concerns. For example, the 

small and peripheral part which lecturers have played in the design of the new system, despite 

their large role in the P2C2 course sequence, makes sense in the context of the general attitudes 

in the department about distinctions between lecturers and faculty members. The complaints of 

faculty instructors who pushed back against the coordinators’ decisions make sense in the 

context of a department where faculty independence in instruction is valued and conflated with 

academic freedom. While some change agents mentioned changes in attitudes as a “covert goal” 
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of their efforts, concrete actions were not taken to address these and this was not a consistently 

mentioned goal among all change agents. 

The change initiative at LSU has in many ways been incredibly successful. University 

sanction and support were obtained and effectively leveraged to implement a range of new 

structures. These structures were put in place in a short period of time and, while not entirely 

supported by the whole of the department, the skeptics are more peripheral and have not gathered 

enough steam to halt proceedings. Sustaining these structures is of course not guaranteed, but the 

attention paid to so many aspects of the existing departmental culture in regards to the products 

and process of change and the interlocking structures which support each other is promising. 

Also promising is the existence of committees dedicated to continual monitoring and improving 

of the system. Some challenges, however, lie ahead. In addition to the aforementioned areas 

requiring attention, there is the question of who will coordinate the P2C2 courses in coming 

years. As Chapter 6 makes clear, faculty members may approach course coordination in 

disparate ways, and this has the potential to greatly impact the coordination system and in fact 

the rest of the linked P2C2 structures. The progress at LSU is commendable and promising, and 

one can only hope they will be able to institutionalize and sustain their amazing progress. 

Implications and Contributions 

This study set out to document the implementation of an initiative to change and improve 

the P2C2 course sequence at LSU. Curiosity was one motivating factor for the design and 

implementation of this study, but the study was also motivated by wider-reaching goals. This 

included documenting change in ways that will support future change agents attempting 

improvements in university departments; advancing our understandings of the change process 
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from a systems perspective; and exploring new methods for investigating departmental culture 

and change. 

For Change Agents 

One of the major contributions of this work for those interested in implementing change 

in their departments is the application of the four frames perspective (Reinholz & Apkarian, 

2018) to a real scenario. This perspective provides concrete dimensions for assessing the 

organizational culture of a department and developing targets and strategies for effecting cultural 

change. This perspective originated in organizational science, and has been suggested as a useful 

tool for change agents, but the close description of each frame in context, and the implications 

from lens for the change at LSU, add to its promise and utility (Bolman & Deal, 2008; Reinholz 

& Apkarian, 2018). Other theories of change, described in Chapter 2, are descriptive and 

informative but are not as prescriptive – they call for attention to targets, process, and local 

context and culture but do not as closely support the design of a change initiative. This work 

demonstrates the utility of the perspective for analyzing a change initiative, identifying root 

causes of problems, and constructing remedies. Not all departments are the same, but the use of 

the four frames perspective in this analysis identifies themes which transcend contexts and also 

draws attention to ways they may differ. 

Presenting the LSU change initiative in the context of the department and university in 

some detail has benefits for future change agents. Identifying not only new structures but also 

other aspects of the culture and their relationship with the products and processes of change may 

help future change agents identify ways in which their context is the same or different from LSU 

and how that might impact their own implementation of similar structures. For example, 

implementing course coordination in a department where only faculty teach that course would 
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not be affected by a distinction between faculty and lecturers; a department without experts in 

education may wish to bring one in as a consultant; an initiative not recommended by a 

university’s strategic plan will require more negotiation to secure resources to support the 

change; a department without GTAs will not be able to exactly mimic the active learning labs as 

implemented at LSU. 

For Theory 

The use of the four frames perspective also contributes to the literature on the theory of 

change. This perspective is complementary with other descriptions of types of change, and 

similarly recommends attending to multiple aspects of the overall system (Borrego & Henderson, 

2014; Corbo et al., 2015; Henderson et al., 2011; Kezar, 2014b). However, the four frames add 

nuance of what those various aspects of a system really are, and how to identify them in a 

department (Reinholz & Apkarian, 2018). Organizational science has for some time taken a 

systems approach to understanding how organizations work and evolve, but this approach has 

not been widely used in RUME or Discipline-Based Education Research (DBER). The construct 

of communities of practice (CoP) is a not dissimilar approach to understanding communities, 

which has been extensively leveraged in education research, but it is primarily used for coherent 

communities within or across institutional lines (e.g., those with a joint enterprise), not to 

understand multi-function groups related by institutional affiliation alone (Brown & Duguid, 

1991; Hsu, 2004; Kezar & Gehrke, 2015; Wenger, 1998). Again, these perspectives are not 

incompatible. In the four frames approach, “culture is a historical and evolving set of structures 

and symbols and the resulting power relationships between people” (Reinholz & Apkarian, 2018, 

p. 3). The constructs of mutual engagement and shared repertoire are clearly present within this 

definition and the way the structures and symbols frames are defined. The idea of positionality 
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(e.g., central and peripheral members) of a CoP have some relation to the power frame, but the 

four frames perspective considers many types of power and disenfranchisement while CoP does 

not. The four frames perspective also adds a focus on individual identities within the collective in 

the people frame, highlighting the role of individual as well as joint enterprise. 

More broadly, Chapter 2 brings together many theories from many traditions in 

complementary and constructive ways to understand the multifaceted and complex idea of 

departmental change. In doing so, that chapter hints at the wealth of knowledge available across 

fields that can be leveraged in DBER and RUME. It brings together cross-context theories of 

learning, K-12 education literature across disciplines, ideas from organizational science, and 

RUME findings. This integrated and interdisciplinary literature review was critical for a rich 

understanding of the LSU mathematics department and the change initiative which occurred 

there, and reminds the reader that there is relevant literature in many fields. 

For Research Methods 

The methodology for this dissertation pulls from research methodologies used in many 

fields. The combination of strategies used in this analysis is unique for RUME and DBER 

research. The investigation of the departmental context and culture is aligned with practices used 

by business consultants in organizational science and the framing of that culture also comes from 

organizational science, though adapted in small ways for the academic setting (Bolman & Deal, 

2008; Reinholz & Apkarian, 2018; Schein, 2010). The use of social networks to get at the social 

structure of the department is also quite new. This is among the first works in postsecondary 

education research to look at faculty or instructor interaction patterns, though SNA has been used 

for co-authorship networks and student interactions (Biancani & McFarland, 2013). This 

approach was borrowed from K-12 education research, where it has been used extensively to 
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understand school and school district function and change (Daly, 2010). The SNA revealed much 

about leadership and interaction patterns, which contributes to an understanding of certain 

aspects of the culture of the department, people’s involvement with the initiative, and factions 

within the community. SNA helps to quantify status, individual positionality within a group, and 

overall communication levels. This has much promise for theory and pressing issues of practice 

as the USA moves toward postsecondary educational reform. 

Future Directions 

This manuscript contains three chapters of results about the departmental change at LSU 

in relation to the P2C2 sequence, but much more could be said. This study has also raised 

questions about department culture and departmental change elsewhere. Further analysis of the 

data corpus of this study and future research in other context will address these questions.  

Chapter 6 considered the Calculus 1 and Calculus 2 coordinators, who superficially 

appear similar but had very different approaches to their roles and vastly different leadership 

trajectories during the change initiative. The Precalculus coordinator was not included in this 

comparison due to her extra role as the LCMS director and her background in mathematics 

education, which on paper differentiate her from the others. Future work might explore her 

beliefs about her role as coordinator, her perception of the P2C2 sequence and the students in 

those courses, her understanding of how she and the LCMS integrate with the rest of the system, 

and how that compares with the calculus coordinators. 

Throughout this manuscript it is clear that the overarching goal of the LSU change 

initiative was to improve student success in and beyond P2C2 courses. This was to be attained 

through the implementation of a new system based on program features associated with student 

success in Calculus 1 (Bressoud et al., 2015; Rasmussen et al., 2014). However, a step-by-step 



 

244 

plan for assessing fidelity of implementation of those features, effects on student success, and 

links between them was not obvious. Individuals noted various measures they would use to 

gauge success or effectiveness, but these were not universally agreed upon, indicating that a 

major evaluation plan was not set out from the beginning. Elsewhere it has been noted that 

linking goals, strategies, and assessments is a nontrivial yet important part of  program 

evaluation and maintenance (Apkarian et al., 2017). The LSU department would benefit from an 

analysis of the various conceptualizations of goals and measures professed by members of the 

department and the development of a coherent assessment strategy that addresses the questions 

of a variety of stakeholders. An analysis such as this would be improved by an understanding of 

various definitions of success at LSU. While increasing P2C2 pass rates, retention in STEM 

majors, enjoyment of mathematics, and reducing time to degree were all stated as part of 

“success” by participants at LSU, it was not clear what level of change would be counted as a 

success. This process would also be beneficial to other departments setting out to implement 

changes, to inform their overall process and as needed collect baseline data for comparison.  

The success of the LSU change initiative is still an open question. Many things have been 

achieved, and the new system has many features known to support sustainability. However, it is 

still being run and managed by the original change agents and not enough time has elapsed to 

consider robust measures of student success in P2C2 courses such as course-taking patterns, 

persistence in STEM majors, or time to graduation. A return to this site in 3-5 years will be 

needed to begin answering that question. Then we can consider if the new system has weathered 

external changes in the state university system, coordinator turnover, hiring and retiring of 

instructors, university budget changes, etc. At that time, it will also be possible to collect 

people’s retrospective accounts of the change process, to see which parts of the initiative live on 
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in institutional memory. One hopes that the new system will continue to be carefully monitored, 

adjusted, and expanded to best support student success, and that others around the country will 

be able to learn from their process and embark on similarly successful ventures to support 

postsecondary students in mathematics across the country.   
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Appendix A: Social Network Survey Instrument 

Who, of the following, do you go to for advice related to teaching lower-division, undergraduate 

mathematics courses? Mark all that apply. 

• Name 1 

• Name 2 

• … 

• Name N 

 

Please use the following space to identify others who you go to for advice related to teaching. 

 

You may use the space below to clarify or explain your answers. 

 
Of the following, who (or whose websites) do you go to for instructional materials (e.g., 

syllabi, assessments, lesson plans, rubrics, sample problems) for lower-division undergraduate 

courses? Mark all that apply. 

• Name 1 

• Name 2 

• … 

• Name N 

 

Please use the following space to identify others who you go to for instructional materials. 

 

You may use the space below to clarify or explain your answers. 

 
In the current academic year, with whom did you discuss instructional activities (e.g., teaching 

strategies, student learning, grading, student achievement) related to lower-division 

undergraduate courses? Mark all that apply. 

• Name 1 

• Name 2 

• … 

• Name N 

 

Please use the following space to identify others with whom you discuss instructional 

activities. 

 

You may use the space below to clarify or explain your answers. 

 
In the current academic year, with whom of the following did you discuss departmental 

changes, particularly those related to precalculus and single-variable calculus? 

• Name 1 

• Name 2 

• … 

• Name N 
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Please use the following space to identify others with whom you discuss departmental changes. 

 

You may use the space below to clarify or explain your answers. 

 
With whom of the following do you have a close friendship? Mark all that apply. 

By “close friendship” we mean a person with whom you share personal information or with 

whom you spend time in informal activities (e.g., dinners, coffee breaks, lunches, happy hours, 

sporting events). 

• Name 1 

• Name 2 

• … 

• Name N 

 

Please use the following space to identify others at LSU with whom you have a close friendship. 

 

You may use the space below to clarify or explain your answers. 

 
Of the following, who do you consider influential on your teaching? Mark all that apply. 

• Name 1 

• Name 2 

• … 

• Name N 

 

Please use the following space to identify others who you consider influential on your teaching. 

 

You may use the space below to clarify or explain your answers. 
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Appendix B: Climate Scales 

Individual Innovative Climate (IIC) 

• I am willing to take risks to improve the quality of my instruction. 

• I am willing to try new ideas related to teaching lower-division undergraduate courses. 

• I have a positive attitude with regards to instruction. 

• I am continually learning and developing new ideas about instruction. 

• I am constantly trying to improve my teaching of lower-division undergraduate courses. 

• Only a small portion of my colleagues are involved in trying new ideas about instruction. 

• I lack the professional support for developing new ideas about instruction. 

• I am not really excited about new instructional techniques. 

• I always give my best when implementing new ideas regarding teaching. 

• I utilize resources provided by the Center for Teaching and Learning (e.g. attend 

seminars, seek advice) 

 

Collective Innovative Climate (CIC) 

• Generally speaking, members of the department learn and seek new ideas about 

instruction. 

• Generally speaking, members of the department try new ideas related to the teaching of 

lower-division undergraduate courses. 

• Generally speaking, members of the department try to improve their leadership. 

• Generally speaking, members of the department have a positive attitude about teaching. 

• Generally speaking, members of the department take risks to improve lower-division 

undergraduate mathematics courses. 

• Generally speaking, members of the department are encouraged to “stretch and grow” 

with regards to teaching. 

• Generally speaking, members of the department develop new approaches to support 

instruction. 
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• Generally speaking, members of the department utilize resources provided by the Center 

for Teaching and Learning (e.g. attend seminars, seek advice). 

 

Individual Perceptions of Students and Teaching (IPST) 

• Students at LSU enjoy lower-division undergraduate mathematics courses. 

• I enjoy teaching lower-division undergraduate mathematics courses. 

• Students in lower-division undergraduate mathematics courses at LSU are interested in 

mathematics. 

• I am able to motivate students who show low interest in mathematics. 

• Students in lower-division undergraduate mathematics courses at LSU believe they can 

do well in mathematics. 

• I am able to help students believe they can do well in mathematics. 

• I am able to hold student attention during class. 

• I am able to help students value learning. 

• I can assist teaching assistants (TAs) in helping students do well. 

 

Shared Perceptions of Students and Teaching (SPST) 

• Generally speaking, members of the department use traditional teaching approaches 

because students are most comfortable with them. 

• Generally speaking, members of the department feel that most students are academically 

well-prepared. 

• Generally speaking, members of the department identify having a range of student as a 

barrier to improving their instruction. 

• Generally speaking, members of the department aspire to become better teachers. 

• Generally speaking, members of the department believe that teaching improvement is 

part of their job. 

• Generally speaking, members of the department are “ahead of the curve” when it comes 

to implementing innovative teaching strategies. 



 

250 

• Generally speaking, members of the department are satisfied with the way they currently 

teach. 

• Generally speaking, members of the department are personally committed to teaching 

entry-level courses. 

 

Collective Trust (CT) 

• I feel respected by others in this department. 

• Members of this department respect those colleagues who are expert at instruction. 

• I have confidence in the teaching expertise of other instructors in this department. 

• Instructors respect other instructors who take the lead in department improvement efforts. 

• The members of this department care about each other. 

• It's OK for me to discuss my feelings, worries, and frustrations with others. 

• The members of this department trust each other. 

 

Collaboration (PLC_C) 

• Most members of the department are cordial. 

• The department members make a conscious effort to coordinate their instructional efforts 

with the department’s instructional goals. 

• Relationships exist among faculty members that reflect commitment to department 

improvement efforts.  

• Opportunities are provided for department members to informally share ideas and 

suggestions for increasing student achievement.  

• Faculty members work together to seek knowledge, strategies, and solutions to address 

student needs.  

• Faculty members work together to assess the effectiveness of the undergraduate 

mathematics program. 
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Collective Involvement (PLC_CI) 

• Faculty members are usually involved in discussion and making decisions about most 

department-wide issues. 

• Opportunities are provided for faculty members to initiate change. 

• Faculty members share responsibility for student learning. 

• Faculty members create high expectations for each other regarding increased student 

achievement. 

• Faculty members incorporate advice from each other to make decisions. 

• Leadership is supported and distributed among faculty members. 

• A collaborative process exists for developing shared vision and values among faculty 

members. 

 

Professional Development (PD) 

• Instructors value teaching development services on campus as a way to enhance their 

teaching. 

• Instructors in my department are willing to conduct teaching observations for colleagues. 

• Instructors are assigned a mentor for advice about teaching. 

• Instructors have someone they can go to for advice about teaching. 

• New instructors are provided with teaching development opportunities and resources. 

• Both experienced and less experienced instructors receive peer evaluations of their 

teaching. 
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Appendix C: Core Interview Protocol – Change Agents 

• To start out with, can you tell me about your role with regards to the department of 

mathematics and statistics at LSU? 

o Instructor, admin, etc. 

o Formal/informal roles 

o What courses do you regularly teach? Enjoy teaching? 

• Can you tell me a little bit about what it means to be in this department? 

o What are the major requirements of your job? 

o What do you enjoy most about your job here? Least? 

o Do you feel like you have any say in what goes on around here, or are you more 

of a passenger on a ship someone else is steering? 

• So, I understand that there are a lot of changes going on in the department right now. Can 

you tell me a little bit about the motivation for the implementation of changes? 

• In your own words, what is the general design of the improvement effort?  

o What are the targets for this change effort? That is, what exactly is supposed to 

change? 

o What is the rationale behind this design? 

• What is your role in the improvement effort? 

o Who do you regularly communicate with regarding the improvement effort? (e.g., 

faculty, admin, GTAs, other change agents…) 

• What are the main goals of the changes being implemented? 

o How will you (or others) evaluate the effort? That is, how will you know if it’s 

working? 

o What would make this effort successful in your eyes? 

• Have any modifications been made to the improvement effort since it began? 

o Why have those modifications been made? 

o How do you think those modifications will affect the results? 

• How is it going, so far? 

o How do you know? 

o What would you need to know, in order to be convinced? 

• What is your general impression of peoples’ attitudes toward the changes being 

implemented? Do you have a sense of how others think it’s going? 
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o Administration; Faculty/instructors; Students; GTAs? 

• How is this change affecting the department? 

o Faculty members? 

o General attitude? 

o Projected changes? 

• I’m interested in talking to all the major players behind this reform effort. Who do you 

suggest I talk to? 

o What is the role of [each person] in the improvement effort? (Formal or informal 

duties) 

• Who else do you suggest I invite to participate in an interview? People who you suggest 

will not be informed that you suggested them, will not be the only people I contact for 

interviews, may or may not be invited to participate, and may or may not be able to meet 

with me.  

• Is there anything else I should know about this department, institution, or the changes 

being made that we haven’t already talked about? 

 

Follow-up items for consecutive interviews. 

• Since the last time I talked to you, has the change effort undergone any changes? 

o What changes have happened? 

o What caused those changes? 

o What do you think will be the effect of those changes? 

• [As needed] You didn’t mention […] this time around, is that still going on? 

• [If applicable] Last time you brought up some concerns about […], has anything changed 

in relation to that issue?  

o Better, worse, or the same? 

o Has the issue been brought up with anyone in charge? 
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Appendix D: Core Interview Protocol – Stakeholders 

• To start out with, can you tell me about your role with regards to the department of 

mathematics and statistics at LSU? 

o Instructor, admin, etc. 

o Formal/informal roles 

o What courses do you regularly teach? Enjoy teaching? 

• Can you tell me a little bit about what it means to be in this department? 

o What are the major requirements of your job? 

o What do you enjoy most about your job here? Least? 

o Do you feel like you have any say in what goes on around here, or are you more 

of a passenger on a ship someone else is steering? 

• So, I understand that there are a lot of changes going on in the department right now. Do 

you feel like you’ve been kept in the loop about what’s going on? 

o Are you teaching any of the courses most affected by the changes? Which ones? 

• Can you tell me a little bit about the motivation for the implementation of changes? 

o Do you agree with the motivation? That is, was some improvement/adjustment 

necessary? 

• In your own words, what is the general design of the improvement effort?  

o What are the targets for this change effort? That is, what exactly is supposed to 

change? 

o What is the rationale behind this design? 

o Do you agree with the general design of the change effort? 

• How has this effort affected your normal work routine? 

o What effects are the changes having on you, if any? 

o How has the effort affected your peers, if at all? 

• What do you feel is your role in the improvement effort? 

o Who do you regularly communicate with regarding the improvement effort? (e.g., 

faculty, admin, GTAs…) 

• What are the main goals of the changes being implemented? 

o How will you (or others) evaluate the effort? That is, how will you know if it’s 

working? 

o What would make this effort successful in your eyes? 
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• Have any modifications been made to the improvement effort since it began? 

o Why have those modifications been made? 

o How do you think those modifications will affect the results? 

o Has the leadership been attentive to feedback from affected people, such as 

yourself? 

• How is it going, so far? 

o How do you know? 

o How do others think it’s going? 

• What is your general impression of peoples’ attitudes toward the changes being 

implemented? 

o Administration 

o Faculty/instructors 

o Students 

o GTAs 

• How is this change affecting the department? 

• Is there anything you think is important for me to know about this department, school, or 

the changes currently being implemented that we have not talked about? 
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Appendix E: Core Interview Protocol – Administrators 

• Can you begin by briefly describing your position at the university for me? I understand 

that you are the […] but I’m not sure of all the responsibilities that go with that title. 

• I understand that there are a lot of changes going on in the math department, and in 

particular surrounding the P2C2 sequence. Can you tell me what you know about those 

changes? 

o To the best of your knowledge, what was the motivation for these change efforts? 

o To the best of your knowledge, what are the intentions of the change efforts? That 

is, what specific issues are being targeted, and what all is supposed to change? 

o What do you see as the factors that have come together to allow these change 

efforts to unfold? 

o Do you (or other administrators) have any particular concerns about the current 

change efforts? 

• I’m curious about the context in which these changes are taking place. What can you tell 

me about the recent (~5 years) situation with undergraduate mathematics? 

o Do you have any insight into the cause of the problematic situations? 

o Are the problems surrounding the P2C2 courses unique to the mathematics 

department, or are there other undergraduate courses at LSU experiencing similar 

problems? 

o During the last 5 or so years, what other attempts have been made to improve the 

situation? 

• In what ways, if any, have you been involved in supporting these efforts? What has your 

role been? 

• In what ways has the administration been involved in supporting these efforts? Why? 

o Has the administration blocked any of the efforts? Why? 

• How will you (or other administrators) evaluate the effectiveness of the current efforts in 

the short-term? Long-term? 

• In thinking about the future of these efforts, what opportunities do you think lie ahead? 

(i.e., are their things that this lays the groundwork for? What next steps might you like to 

see?) 

o What challenges do you foresee? 
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Appendix F: Overlap with SEMINAL 

In the 2016-17 academic year, LSU joined the SEMINAL project as a research site and partner. 

Early in the Spring 2017 term, members of the SEMINAL team collected data from LSU aimed 

at understanding the implementation of active learning in the P2C2 course sequence at LSU and 

how that implementation came to be. Their research design included interviewing change agents, 

instructors, and administrators who were involved with the change initiative at LSU; observing 

P2C2 course and recitation meetings; and surveying instructors, faculty, and students about their 

experiences at LSU and with P2C2 courses. To handle instructor/faculty survey overlap, the 

survey designed for this dissertation was used (Appendix A: and Appendix B:), with changes 

made only to the informed consent language. I was able to accompany the SEMINAL site team 

on their two-day research visit to LSU, and data from that visit was shared so as to reduce 

demand on common participants. I was present for many of the interviews during that time, 

when it was possible for me to ask additional follow-up questions related to my dissertation. 

Audio and notes from interviews where I was not present were shared with me. The following 

table gives an overview of interview data obtained in conjunction with the SEMINAL project, 

for participants referenced in this dissertation. Interviews which were not used in this 

dissertation, or which SEMINAL was not involved in, are not in this table. 

 

 
Table F.1. Interview participants who represent the overlap between this dissertation and the SEMINAL project. 

Participant ID Spring 2016 Spring 2017 (SEMINAL) Spring 2017 

Chair X SEM interview – NA absent; audio lost X 

PC Coord X SEM interview – NA absent; audio  X 

C1 Coord X SEM interview – NA present; audio lost X 

C2 Coord X SEM interview – NA absent; audio  

Ctte 01 X SEM interview – NA absent; audio X 

Ctte 02  SEM interview – NA present; audio X 

AD 01 X SEM interview – NA present; no audio  

MA 03  SEM interview – NA absent; audio  

MA 11  SEM interview – NA present; audio  

MA 13 X SEM interview – NA present; audio  
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Appendix G: Codebook of Student-Related Data 

Interview segments were tagged with “Students” if the interviewer or participant mentioned 

undergraduate P2C2 students (including incoming students) during the interview. Iterative cycles 

of coding in line with grounded theory resulted in the following codebook. 

 

Instructors’ activities: Participants’ reporting of what instructors, including the coordinator, 

(should) do and why 

Communication: How instructors/coordinator/participant know about students’ attitudes, 

behaviors, perceptions, success, etc. 

Instructors’ duty: The duties of the instructors (including the coordinator) to the students 

and the department/program; includes roles and failure to do duties but not day-to-day 

“job description” 

Presentation of material: The way that course content is presented/explained in class. 

This can include, but is not limited to, pedagogical decisions.  

 

Perception of program: Participants’ perception of various aspects of the P2C2 program and its 

various components. 

P2C2 purpose: The intentions of the P2C2 courses and course sequence; goals for 

students; who the courses are intended for; the need for these courses. 

P2C2 culture: Discussion of the (student) culture in and around P2C2 courses; in 

particular views shared by students and instructors (or at least participant) rather than 

things which fit with “student perceptions of…” 

 

Perception of students: Participants’ attitude and perception of students and factors that affect 

students’ learning experience; includes what participant believes students do in and out of class 

Prior preparation: Beliefs/assumptions about students’ preparation in previous courses, 

including high school or transfer credit  

Good/bad students: Mention of students which includes a value judgement 

Student outcomes: Refers to any and all measures of student success, e.g., grades, 

knowledge, pass/fail, enjoyment. 

Specific grades/outcomes: Outcomes/grades of particular students or groups of 

students; often in anecdotal form 

DFW/Pass rate: Mention of overall pass/fail rates and trends in P2C2 courses 

Changing numbers: Refers to noticed changes in any measure of student outcomes 

(e.g., test scores up or down; increasing pass rate) 

Equivalence of outcomes: Refers to equivalence of outcomes across sections 

and/or years (e.g., an A in Professor X’s class means the same as an A in 

Professor Y’s class) 
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Preparation for future courses: Refers to student outcomes as informed by their 

success in future classes (e.g., success in P2C2 means being able to pass 

multivariable calculus) 

Students’ majors: Mention of students’ majors and how that relates to P2C2 

In-class behavior: What students do (and how) in the classroom; this includes not 

attending class 

Cheating: Explicit mention of cheating on assessments 

Out-of-class behavior: What students do (and how) outside the classroom; includes study 

habits and work ethic 

 

Student perceptions: Participants’ reporting of students’ perception, understanding, or opinions 

of things related to the P2C2 sequence and system. 

Teaching: Students’ perception and evaluation of teaching styles and pedagogy 

Coordination: Students’ perceptions, views, attitudes, etc. toward the coordination system 

and what it means for them; includes the coordinator and the structure of common 

assessments but not student opinions of tests, textbook, etc. (e.g., ‘students hate having 

the same exam’ would fit; ‘students think the exams we write are too hard’ would not) 

Course: Students’ view of the course and its elements, purpose, activities, homework, 

exams, etc.; includes students’ affective views as well as their valuation of things 

Instructors: Students’ views and evaluations of their instructors 

Mathematics: Students’ views and beliefs about mathematics in general (e.g., utility, 

purpose, value, features, nature) 
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